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Preface

The fourth edition of Diagnostic Ultrasound is a major 
revision. Previous editions have been very well accepted 
as a reference textbook and have been the most com-
monly used reference in ultrasound education and prac-
tices worldwide. We are pleased to provide a new update 
of images and text with new areas of strength. For the 
first time we are including video clips in the majority of 
chapters. The display of real-time ultrasound has helped 
to capture those abnormalities that require a sweep 
through the pathology to truly appreciate the lesion. It 
is similar to scrolling through images on a PACS and has 
added great value to clinical imaging. Daily we find that 
cine or video clips show important areas between still 
images that help to make certain a diagnosis or relation-
ships between lesions. Now we rarely need to go back to 
reevaluate a lesion with another scan, making patient 
imaging more efficient.

We are pleased to announce that a new editor, Deborah 
Levine, has joined us, providing expertise in fetal imaging, 
in both obstetrical sonography and fetal MRI. Prenatal 
diagnosis is one of the frontiers of medicine that contin-
ues to grow as a field and has pushed our understanding 
of what happens to the fetus before we see a lesion at 
birth. These antecedents of disease in children and adults 
help us to arrange care for patients long before the 
mother goes into labor.

Approximately 90 outstanding new and continuing 
authors have contributed to this edition, and all are 
recognized experts in the field of ultrasound. We have 
replaced at least 50% of the images without increasing 
the size of the two volumes, so new value has been added 
to all of the chapters, particularly for obstetrics and  
gynecology. The fourth edition now includes over  
5000 images, many in full color. The layout has been 
exhaustively revamped, and there are highly valuable 
multipart figures or key figure collages. These images all 
reflect the spectrum of sonographic changes that may 

occur in a given disease instead of the most common 
manifestation only.

The book’s format has been redesigned to facilitate 
reading and review. There are again color-enhanced 
boxes to highlight the important or critical features of 
sonographic diagnoses. Key terms and concepts are 
emphasized in boldface type. To direct the readers to 
other research and literature of interest, comprehensive 
reference lists are organized by topic.

Diagnostic Ultrasound is again divided into two 
volumes. Volume I consists of Parts I to III. Part I con-
tains chapters on physics and biologic effects of ultra-
sound, as well as more of the latest developments in 
ultrasound contrast agents. Part II covers abdominal, 
pelvic, and thoracic sonography, including interven-
tional procedures and organ transplantation. Part III 
presents small parts imaging including thyroid, breast, 
scrotum, carotid, peripheral vessels, and particularly 
MSK imaging. Newly added is a chapter on musculosk-
eletal intervention.

Volume II begins with Part IV, where the greatest 
expansion of text and images has been on obstetric and 
fetal sonography, including video clips for the first time. 
Part V comprehensively covers pediatric sonography.

Diagnostic Ultrasound is for practicing physicians, resi-
dents, medical students, sonographers, and others inter-
ested in understanding the vast applications of diagnostic 
sonography in patient care. Our goal is for Diagnostic 
Ultrasound to continue to be the most comprehensive 
reference book available in the sonographic literature 
with a highly readable style and superb images.

Carol M. Rumack
Stephanie R. Wilson
J. William Charboneau
Deborah Levine
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CHAPTER 1 

Physics of Ultrasound
Christopher R. B. Merritt

Chapter Outline

BASIC ACOUSTICS
Wavelength and Frequency
Propagation of Sound
Distance Measurement
Acoustic Impedance
Reflection
Refraction
Attenuation
INSTRUMENTATION
Transmitter
Transducer
Receiver
Image Display
Mechanical Sector Scanners
Arrays

Linear Arrays
Curved Arrays

Phased Arrays
Two-Dimensional Arrays

Transducer Selection
IMAGE DISPLAY AND STORAGE
SPECIAL IMAGING MODES
Tissue Harmonic Imaging
Spatial Compounding
Three-Dimensional Ultrasound
IMAGE QUALITY
Spatial Resolution
IMAGING PITFALLS
Shadowing and Enhancement
DOPPLER SONOGRAPHY
Doppler Signal Processing and 

Display
Doppler Instrumentation
Power Mode Doppler

Interpretation of the Doppler 
Spectrum

Interpretation of Color Doppler
Other Technical Considerations

Doppler Frequency
Wall Filters
Spectral Broadening
Aliasing
Doppler Angle
Sample Volume Size
Doppler Gain

OPERATING MODES: CLINICAL 
IMPLICATIONS

Bioeffects and User Concerns
THERAPEUTIC APPLICATIONS: 

HIGH-INTENSITY FOCUSED 
ULTRASOUND

All diagnostic ultrasound applications are based on 
the detection and display of acoustic energy reflected 
from interfaces within the body. These interactions 
provide the information needed to generate high-resolu-
tion, gray-scale images of the body, as well as display 
information related to blood flow. Its unique imaging 
attributes have made ultrasound an important and ver-
satile medical imaging tool. However, expensive state- 
of-the-art instrumentation does not guarantee the 
production of high-quality studies of diagnostic value. 
Gaining maximum benefit from this complex technol-
ogy requires a combination of skills, including knowl-
edge of the physical principles that empower ultrasound 
with its unique diagnostic capabilities. The user must 
understand the fundamentals of the interactions of 
acoustic energy with tissue and the methods and instru-
ments used to produce and optimize the ultrasound 
display. With this knowledge the user can collect the 
maximum information from each examination, avoiding 
pitfalls and errors in diagnosis that may result from the 
omission of information or the misinterpretation of 
artifacts.

Ultrasound imaging and Doppler ultrasound are 
based on the scattering of sound energy by interfaces of 
materials with different properties through interactions 
governed by acoustic physics. The amplitude of reflected 

energy is used to generate ultrasound images, and fre-
quency shifts in the backscattered ultrasound provide 
information relating to moving targets such as blood. To 
produce, detect, and process ultrasound data, users must 
manage numerous variables, many under their direct 
control. To do this, operators must understand the 
methods used to generate ultrasound data and the theory 
and operation of the instruments that detect, display, 
and store the acoustic information generated in clinical 
examinations.

This chapter provides an overview of the fundamen-
tals of acoustics, the physics of ultrasound imaging and 
flow detection, and ultrasound instrumentation with 
emphasis on points most relevant to clinical practice.  
A discussion of the therapeutic application of high-
intensity focused ultrasound concludes the chapter.

BASIC ACOUSTICS

Wavelength and Frequency

Sound is the result of mechanical energy traveling 
through matter as a wave producing alternating com-
pression and rarefaction. Pressure waves are propagated 
by limited physical displacement of the material through 

2



Chapter 1 ■ Physics of Ultrasound  3

which the sound is being transmitted. A plot of these 
changes in pressure is a sinusoidal waveform (Fig. 1-1), 
in which the Y axis indicates the pressure at a given point 
and the X axis indicates time. Changes in pressure with 
time define the basic units of measurement for sound. 
The distance between corresponding points on the time-
pressure curve is defined as the wavelength (λ), and the 
time (T) to complete a single cycle is called the period. 
The number of complete cycles in a unit of time is the 
frequency (f ) of the sound. Frequency and period are 
inversely related. If the period (T) is expressed in seconds, 
f = 1/T, or f = T × sec–1. The unit of acoustic frequency 
is the hertz (Hz); 1 Hz = 1 cycle per second. High fre-
quencies are expressed in kilohertz (kHz; 1 kHz = 
1000 Hz) or megahertz (MHz; 1 MHz = 1,000,000 Hz).

In nature, acoustic frequencies span a range from less 
than 1 Hz to more than 100,000 Hz (100 kHz). Human 
hearing is limited to the lower part of this range, extend-
ing from 20 to 20,000 Hz. Ultrasound differs from 
audible sound only in its frequency, and it is 500 to 1000 
times higher than the sound we normally hear. Sound 
frequencies used for diagnostic applications typically 
range from 2 to 15 MHz, although frequencies as high 
as 50 to 60 MHz are under investigation for certain 
specialized imaging applications. In general, the frequen-
cies used for ultrasound imaging are higher than those 
used for Doppler. Regardless of the frequency, the same 
basic principles of acoustics apply.

Propagation of Sound

In most clinical applications of ultrasound, brief bursts 
or pulses of energy are transmitted into the body and 
propagated through tissue. Acoustic pressure waves can 
travel in a direction perpendicular to the direction of the 
particles being displaced (transverse waves), but in tissue 
and fluids, sound propagation is along the direction of 
particle movement (longitudinal waves). The speed at 
which the pressure wave moves through tissue varies 
greatly and is affected by the physical properties of the 
tissue. Propagation velocity is largely determined by the 

resistance of the medium to compression, which in turn 
is influenced by the density of the medium and its stiff-
ness or elasticity. Propagation velocity is increased by 
increasing stiffness and reduced by decreasing density. In 
the body, propagation velocity may be regarded as con-
stant for a given tissue and is not affected by the fre-
quency or wavelength of the sound.

Figure 1-2 shows typical propagation velocities for a 
variety of materials. In the body the propagation velocity 
of sound is assumed to be 1540 meters per second (m/
sec). This value is the average of measurements obtained 
from normal tissues.1,2 Although this value represents 
most soft tissues, such tissues as aerated lung and fat have 
propagation velocities significantly less than 1540 m/sec, 
whereas tissues such as bone have greater velocities. 
Because a few normal tissues have propagation values 
significantly different from the average value assumed by 
the ultrasound scanner, the display of such tissues may 

FIGURE 1-1. Sound waves. Sound is transmitted 
mechanically at the molecular level. In the resting state 
the pressure is uniform throughout the medium. Sound 
is propagated as a series of alternating pressure waves 
producing compression and rarefaction of the conduct-
ing medium. The time for a pressure wave to pass a 
given point is the period, T. The frequency of the wave 
is 1/T. The wavelength, λ, is the distance between cor-
responding points on the time-pressure curve.

FIGURE 1-2. Propagation velocity. In the body, propa-
gation velocity of sound is determined by the physical properties 
of tissue. As shown, this varies considerably. Medical ultrasound 
devices base their measurements on an assumed average propaga-
tion velocity of 1540 m/sec.
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Distance Measurement

Propagation velocity is a particularly important value in 
clinical ultrasound and is critical in determining the 
distance of a reflecting interface from the transducer. 
Much of the information used to generate an ultrasound 
scan is based on the precise measurement of time and 
employs the principles of echo-ranging. If an ultrasound 
pulse is transmitted into the body and the time until an 
echo returns is measured, it is simple to calculate the 
depth of the interface that generated the echo, provided 
the propagation velocity of sound for the tissue is known. 
For example, if the time from the transmission of a pulse 
until the return of an echo is 0.145 millisecond (ms; 
0.000145 sec) and the velocity of sound is 1540 m/sec, 
the distance that the sound has traveled must be 22.33 cm 
(1540 m/sec × 100 cm/m × 0.000145 sec = 22.33 cm). 
Because the time measured includes the time for sound 
to travel to the interface and then return along the same 
path to the transducer, the distance from the transducer 
to the reflecting interface is 22.33 cm/2 = 11.165 cm 
(Fig. 1-4). The accuracy of this measurement is therefore 
highly influenced by how closely the presumed velocity 
of sound corresponds to the true velocity in the tissue 
being observed (see Figs. 1-2 and 1-3), as well as by the 
important assumption that the sound pulse travels in a 
straight path to and from the reflecting interface.

Acoustic Impedance

Current diagnostic ultrasound scanners rely on the 
detection and display of reflected sound or echoes. 
Imaging based on transmission of ultrasound is also pos-
sible, but this is not used clinically at present. To produce 
an echo, a reflecting interface must be present. Sound 
passing through a totally homogeneous medium 

FIGURE 1-3. Propagation velocity artifact. When 
sound passes through a lesion containing fat, echo return is 
delayed because fat has a propagation velocity of 1450 m/sec, 
which is less than the liver. Because the ultrasound scanner 
assumes that sound is being propagated at the average velocity of 
1540 m/sec, the delay in echo return is interpreted as indicating 
a deeper target. Therefore the final image shows a misregistration 
artifact in which the diaphragm and other structures deep to the 
fatty lesion are shown in a deeper position than expected (simu-
lated image).

be subject to measurement errors or artifacts (Fig. 1-3). 
The propagation velocity of sound (c) is related to fre-
quency and wavelength by the following simple 
equation:

c = f λ  1

Thus a frequency of 5 MHz can be shown to have a 
wavelength of 0.308 mm in tissue: λ = c/f = 1540 m/sec 
× 5,000,000 sec–1 = 0.000308 m = 0.308 mm.

FIGURE 1-4. Ultrasound 
ranging. The information used 
to position an echo for display is 
based on the precise measurement 
of time. Here the time for an echo 
to travel from the transducer to 
the target and return to the trans-
ducer is 0.145 ms. Multiplying 
the velocity of sound in tissue 
(1540 m/sec) by the time shows 
that the sound returning from the 
target has traveled 22.33 cm. 
Therefore the target lies half this 
distance, or 11.165 cm, from the 
transducer.
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encounters no interfaces to reflect sound, and the 
medium appears anechoic or cystic. At the junction of 
tissues or materials with different physical properties, 
acoustic interfaces are present. These interfaces are 
responsible for the reflection of variable amounts of the 
incident sound energy. Thus, when ultrasound passes 
from one tissue to another or encounters a vessel wall or 
circulating blood cells, some of the incident sound 
energy is reflected. The amount of reflection or back-
scatter is determined by the difference in the acoustic 
impedances of the materials forming the interface.

Acoustic impedance (Z) is determined by product of 
the density (ρ) of the medium propagating the sound 
and the propagation velocity (c) of sound in that 
medium (Z = ρc). Interfaces with large acoustic imped-
ance differences, such as interfaces of tissue with air or 
bone, reflect almost all the incident energy. Interfaces 
composed of substances with smaller differences in 
acoustic impedance, such as a muscle and fat interface, 
reflect only part of the incident energy, permitting the 
remainder to continue onward. As with propagation 
velocity, acoustic impedance is determined by the prop-
erties of the tissues involved and is independent of 
frequency.

Reflection

The way ultrasound is reflected when it strikes an acous-
tic interface is determined by the size and surface features 
of the interface (Fig. 1-5). If large and relatively smooth, 
the interface reflects sound much as a mirror reflects 
light. Such interfaces are called specular reflectors 
because they behave as “mirrors for sound.” The amount 

of energy reflected by an acoustic interface can be 
expressed as a fraction of the incident energy; this is 
termed the reflection coefficient (R). If a specular reflec-
tor is perpendicular to the incident sound beam, the 
amount of energy reflected is determined by the follow-
ing relationship:

R Z Z Z Z= −( ) +( )2 1
2

2 1
2  2

where Z1 and Z2 are the acoustic impedances of the 
media forming the interface.

Because ultrasound scanners only detect reflections 
that return to the transducer, display of specular inter-
faces is highly dependent on the angle of insonation 
(exposure to ultrasound waves). Specular reflectors will 
return echoes to the transducer only if the sound beam 
is perpendicular to the interface. If the interface is not 
at a 90-degree angle to the sound beam, it will be 
reflected away from the transducer, and the echo will not 
be detected (see Fig. 1-5, A).

Most echoes in the body do not arise from specular 
reflectors but rather from much smaller interfaces within 
solid organs. In this case the acoustic interfaces involve 
structures with individual dimensions much smaller than 

FIGURE 1-5. Specular and diffuse reflectors. A, Specular reflector. The diaphragm is a large and relatively smooth surface 
that reflects sound like a mirror reflects light. Thus, sound striking the diaphragm at nearly a 90-degree angle is reflected directly back to 
the transducer, resulting in a strong echo. Sound striking the diaphragm obliquely is reflected away from the transducer, and an echo is 
not displayed (yellow arrow). B, Diffuse reflector. In contrast to the diaphragm, the liver parenchyma consists of acoustic interfaces that 
are small compared to the wavelength of sound used for imaging. These interfaces scatter sound in all directions, and only a portion of 
the energy returns to the transducer to produce the image.
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the wavelength of the incident sound. The echoes from 
these interfaces are scattered in all directions. Such reflec-
tors are called diffuse reflectors and account for the 
echoes that form the characteristic echo patterns seen in 
solid organs and tissues (see Fig. 1-5, B). The construc-
tive and destructive interference of sound scattered by 
diffuse reflectors results in the production of ultrasound 
speckle, a feature of tissue texture of sonograms of solid 
organs (Fig. 1-6). For some diagnostic applications, the 
nature of the reflecting structures creates important con-
flicts. For example, most vessel walls behave as specular 
reflectors that require insonation at a 90-degree angle for 
best imaging, whereas Doppler imaging requires an angle 
of less than 90 degrees between the sound beam and the 
vessel.

Refraction

Another event that can occur when sound passes from a 
tissue with one acoustic propagation velocity to a tissue 
with a higher or lower sound velocity is a change in the 
direction of the sound wave. This change in direction of 
propagation is called refraction and is governed by Snell’s 
law:

sin sinθ θ1 2 1 2= c c  3

where θ1 is the angle of incidence of the sound approach-
ing the interface, θ2 is the angle of refraction, and c1 and 
c2 are the propagation velocities of sound in the media 

forming the interface (Fig. 1-7). Refraction is important 
because it is one cause of misregistration of a structure 
in an ultrasound image (Fig. 1-8). When an ultrasound 
scanner detects an echo, it assumes that the source of the 
echo is along a fixed line of sight from the transducer. If 

FIGURE 1-6. Ultrasound speckle. Close inspection of an 
ultrasound image of the breast containing a small cyst reveals it 
to be composed of numerous areas of varying intensity (speckle). 
Speckle results from the constructive (red) and destructive (green) 
interaction of the acoustic fields (yellow rings) generated by the 
scattering of ultrasound from small tissue reflectors. This interfer-
ence pattern gives ultrasound images their characteristic grainy 
appearance and may reduce contrast. Ultrasound speckle is the 
basis of the texture displayed in ultrasound images of solid tissues.

FIGURE 1-7. Refraction. When sound passes from tissue A 
with one acoustic propagation velocity (c1) to tissue B with a dif-
ferent propagation velocity (c2), there is a change in the direction 
of the sound wave because of refraction. The degree of change is 
related to the ratio of the propagating velocities of the media 
forming the interface (sinθ1/sinθ2 = c1/c2).

θ1 = 70°

Tissue A
C1 = 1540 m/sec

Tissue B
C2 = 1450 m/sec

θ2 = 86°

FIGURE 1-8. Refraction artifact. Axial transabdominal 
image of the uterus shows a small gestational sac (A) and what 
appears to be a second sac (B). In this case, the artifact B is caused 
by refraction at the edge of the rectus abdominis muscle. The 
bending of the path of the sound results in the creation of a 
duplicate of the image of the sac in an unexpected and misleading 
location (simulated image).
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the sound has been refracted, the echo detected may be 
coming from a different depth or location than the 
image shown in the display. If this is suspected, increas-
ing the scan angle so that it is perpendicular to the 
interface minimizes the artifact.

Attenuation

As the acoustic energy moves through a uniform medium, 
work is performed and energy is ultimately transferred 
to the transmitting medium as heat. The capacity to 
perform work is determined by the quantity of acoustic 
energy produced. Acoustic power, expressed in watts 
(W) or milliwatts (mW), describes the amount of acous-
tic energy produced in a unit of time. Although measure-
ment of power provides an indication of the energy as it 
relates to time, it does not take into account the spatial 
distribution of the energy. Intensity (I) is used to 
describe the spatial distribution of power and is calcu-
lated by dividing the power by the area over which the 
power is distributed, as follows:

I W cm Power W Area cm2 2( ) = ( ) ( )  4

The attenuation of sound energy as it passes through 
tissue is of great clinical importance because it influences 
the depth in tissue, from which useful information can 
be obtained. This in turn affects transducer selection and 
a number of operator-controlled instrument settings, 
including time (or depth) gain compensation, power 
output attenuation, and system gain levels. Attenuation 
is measured in relative rather than absolute units. The 
decibel (dB) notation is generally used to compare dif-
ferent levels of ultrasound power or intensity. This value 
is 10 times the log10 of the ratio of the power or intensity 
values being compared. For example, if the intensity 
measured at one point in tissues is 10 mW/cm2 and at 
a deeper point is 0.01 mW/cm2, the difference in inten-
sity is as follows:

10 0 01 10 10 0 001
10 1000 10 3

10 10

10

( )( ) = ( )( ) =
( ) −( ) = ( ) −

log . log .
log (( ) = −30 dB

As it passes through tissue, sound loses energy, and the 
pressure waves decrease in amplitude as they travel 
farther from their source. Contributing to the attenua-
tion of sound are the transfer of energy to tissue, result-
ing in heating (absorption), and the removal of energy 
by reflection and scattering. Attenuation is therefore the 
result of the combined effects of absorption, scattering, 
and reflection. Attenuation depends on the insonating 
frequency as well as the nature of the attenuating 
medium. High frequencies are attenuated more rapidly 
than lower frequencies, and transducer frequency is a 
major determinant of the useful depth from which infor-
mation can be obtained with ultrasound. Attenuation 
determines the efficiency with which ultrasound pene-
trates a specific tissue and varies considerably in normal 
tissues (Fig. 1-9).

INSTRUMENTATION

Ultrasound scanners are complex and sophisticated 
imaging devices, but all consist of the following basic 
components to perform key functions:
• Transmitter or pulser to energize the transducer
• Ultrasound transducer itself
• Receiver and processor to detect and amplify the 

backscattered energy and manipulate the reflected 
signals for display

• Display that presents the ultrasound image or data 
in a form suitable for analysis and interpretation

• Method to record or store the ultrasound image

Transmitter

Most clinical applications use pulsed ultrasound, in 
which brief bursts of acoustic energy are transmitted into 
the body. The source of these pulses, the ultrasound 
transducer, is energized by application of precisely timed, 
high-amplitude voltage. The maximum voltage that may 
be applied to the transducer is limited by federal regula-
tions that restrict the acoustic output of diagnostic scan-
ners. Most scanners provide a control that permits 
attenuation of the output voltage. Because the use of 
maximum output results in higher exposure of the 
patient to ultrasound energy, prudent use dictates use of 
the output attenuation controls to reduce power levels 
to the lowest levels consistent with the diagnostic 
problem.3

FIGURE 1-9. Attenuation. As sound passes through tissue, 
it loses energy through the transfer of energy to tissue by heating, 
reflection, and scattering. Attenuation is determined by the 
insonating frequency and the nature of the attenuating medium. 
Attenuation values for normal tissues show considerable variation. 
Attenuation also increases in proportion to insonating frequency, 
resulting in less penetration at higher frequencies.
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The transmitter also controls the rate of pulses emitted 
by the transducer, or the pulse repetition frequency 
(PRF). The PRF determines the time interval between 
ultrasound pulses and is important in determining the 
depth from which unambiguous data can be obtained 
both in imaging and Doppler modes. The ultrasound 
pulses must be spaced with enough time between the 
pulses to permit the sound to travel to the depth of inter-
est and return before the next pulse is sent. For imaging, 
PRFs from 1 to 10 kHz are used, resulting in an interval 
of 0.1 to 1 ms between pulses. Thus, a PRF of 5 kHz 
permits an echo to travel and return from a depth of 
15.4 cm before the next pulse is sent.

Transducer

A transducer is any device that converts one form of 
energy to another. In ultrasound the transducer converts 
electric energy to mechanical energy, and vice versa. In 
diagnostic ultrasound systems the transducer serves two 
functions: (1) converting the electric energy provided by 
the transmitter to the acoustic pulses directed into the 
patient and (2) serving as the receiver of reflected echoes, 
converting weak pressure changes into electric signals for 
processing.

Ultrasound transducers use piezoelectricity, a prin-
ciple discovered by Pierre and Jacques Curie in 1880. 
Piezoelectric materials have the unique ability to respond 
to the action of an electric field by changing shape. They 
also have the property of generating electric potentials 
when compressed. Changing the polarity of a voltage 
applied to the transducer changes the thickness of the 
transducer, which expands and contracts as the polarity 
changes. This results in the generation of mechanical 
pressure waves that can be transmitted into the body. 
The piezoelectric effect also results in the generation of 
small potentials across the transducer when the trans-
ducer is struck by returning echoes. Positive pressures 
cause a small polarity to develop across the transducer; 
negative pressure during the rarefaction portion of the 
acoustic wave produces the opposite polarity across the 
transducer. These tiny polarity changes and the associ-
ated voltages are the source of all the information pro-
cessed to generate an ultrasound image or Doppler 
display.

When stimulated by the application of a voltage dif-
ference across its thickness, the transducer vibrates. The 
frequency of vibration is determined by the transducer 
material. When the transducer is electrically stimulated, 
a range or band of frequencies results. The preferential 
frequency produced by a transducer is determined by the 
propagation speed of the transducer material and its 
thickness. In the pulsed wave operating modes used for 
most clinical ultrasound applications, the ultrasound 
pulses contain additional frequencies that are both higher 
and lower than the preferential frequency. The range of 
frequencies produced by a given transducer is termed its 

bandwidth. Generally, the shorter the pulse of ultra-
sound produced by the transducer, the greater is the 
bandwidth.

Most modern digital ultrasound systems employ 
broad-bandwidth technology. Ultrasound bandwidth 
refers to the range of frequencies produced and detected 
by the ultrasound system. This is important because each 
tissue in the body has a characteristic response to ultra-
sound of a given frequency, and different tissues respond 
differently to different frequencies. The range of fre-
quencies arising from a tissue exposed to ultrasound is 
referred to as the frequency spectrum bandwidth of the 
tissue, or tissue signature. Broad-bandwidth technology 
provides a means to capture the frequency spectrum of 
insonated tissues, preserving acoustic information and 
tissue signature. Broad-bandwidth beam formers reduce 
speckle artifact by a process of frequency compound-
ing. This is possible because speckle patterns at different 
frequencies are independent of one another, and com-
bining data from multiple frequency bands (i.e., com-
pounding) results in a reduction of speckle in the final 
image, leading to improved contrast resolution.

The length of an ultrasound pulse is determined by 
the number of alternating voltage changes applied to the 
transducer. For continuous wave (CW) ultrasound 
devices, a constant alternating current is applied to the 
transducer, and the alternating polarity produces a con-
tinuous ultrasound wave. For imaging, a single, brief 
voltage change is applied to the transducer, causing it to 
vibrate at its preferential frequency. Because the trans-
ducer continues to vibrate or “ring” for a short time after 
it is stimulated by the voltage change, the ultrasound 
pulse will be several cycles long. The number of cycles 
of sound in each pulse determines the pulse length. For 
imaging, short pulse lengths are desirable because longer 
pulses result in poorer axial resolution. To reduce the 
pulse length to no more than two or three cycles, 
damping materials are used in the construction of the 
transducer. In clinical imaging applications, very short 
pulses are applied to the transducer, and the transducers 
have highly efficient damping. This results in very short 
pulses of ultrasound, generally consisting of only two or 
three cycles of sound.

The ultrasound pulse generated by a transducer must 
be propagated in tissue to provide clinical information. 
Special transducer coatings and ultrasound coupling gels 
are necessary to allow efficient transfer of energy from 
the transducer to the body. Once in the body, the ultra-
sound pulses are propagated, reflected, refracted, and 
absorbed, in accordance with the basic acoustic princi-
ples summarized earlier.

The ultrasound pulses produced by the transducer 
result in a series of wavefronts that form a three-dimen-
sional (3-D) beam of ultrasound. The features of this 
beam are influenced by constructive and destructive 
interference of the pressure waves, the curvature of the 
transducer, and acoustic lenses used to shape the beam. 
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Interference of pressure waves results in an area near the 
transducer where the pressure amplitude varies greatly. 
This region is termed the near field, or Fresnel zone. 
Farther from the transducer, at a distance determined by 
the radius of the transducer and the frequency, the sound 
field begins to diverge, and the pressure amplitude 
decreases at a steady rate with increasing distance from 
the transducer. This region is called the far field, or 
Fraunhofer zone. In modern multielement transducer 
arrays, precise timing of the firing of elements allows 
correction of this divergence of the ultrasound beam and 
focusing at selected depths. Only reflections of pulses 
that return to the transducer are capable of stimulating 
the transducer with small pressure changes, which are 
converted into the voltage changes that are detected, 
amplified, and processed to build an image based on the 
echo information.

Receiver

When returning echoes strike the transducer face, minute 
voltages are produced across the piezoelectric elements. 
The receiver detects and amplifies these weak signals. 
The receiver also provides a means for compensating for 
the differences in echo strength, which result from atten-
uation by different tissue thickness by control of time 
gain compensation (TGC) or depth gain compensa-
tion (DGC).

Sound is attenuated as it passes into the body, and 
additional energy is removed as echoes return through 
tissue to the transducer. The attenuation of sound is 
proportional to the frequency and is constant for specific 
tissues. Because echoes returning from deeper tissues are 
weaker than those returning from more superficial struc-
tures, they must be amplified more by the receiver to 
produce a uniform tissue echo appearance (Fig. 1-10). 
This adjustment is accomplished by TGC controls that 
permit the user to selectively amplify the signals from 
deeper structures or to suppress the signals from super-

ficial tissues, compensating for tissue attenuation. 
Although many newer machines provide for some means 
of automatic TGC, the manual adjustment of this 
control is one of the most important user controls and 
may have a profound effect on the quality of the ultra-
sound image provided for interpretation.

Another important function of the receiver is the 
compression of the wide range of amplitudes returning 
to the transducer into a range that can be displayed to 
the user. The ratio of the highest to the lowest ampli-
tudes that can be displayed may be expressed in decibels 
and is referred to as the dynamic range. In a typical 
clinical application, the range of reflected signals may 
vary by a factor of as much as 1 : 1012, resulting in a 
dynamic range of up to 120 dB. Although the amplifiers 
used in ultrasound machines are capable of handling  
this range of voltages, gray-scale displays are limited to 
display a signal intensity range of only 35 to 40 dB. 
Compression and remapping of the data are required 
to adapt the dynamic range of the backscattered signal 
intensity to the dynamic range of the display (Fig. 1-11). 
Compression is performed in the receiver by selective 
amplification of weaker signals. Additional manual post-
processing controls permit the user to map selectively the 
returning signal to the display. These controls affect the 
brightness of different echo levels in the image and there-
fore determine the image contrast.

Image Display

Ultrasound signals may be displayed in several ways.4 
Over the years, imaging has evolved from simple A-mode 
and bistable display to high-resolution, real-time, gray-
scale imaging. The earliest A-mode devices displayed the 
voltage produced across the transducer by the backscat-
tered echo as a vertical deflection on the face of an oscil-
loscope. The horizontal sweep of the oscilloscope was 
calibrated to indicate the distance from the transducer 
to the reflecting surface. In this form of display, the 

FIGURE 1-10. Time gain compensation 
(TGC).  Without TGC, tissue attenuation causes 
gradual loss of display of deeper tissues (A). In this 
example, tissue attenuation of 1 dB/cm-MHz is  
simulated for a transducer of 10 MHz. At a depth  
of 2 cm, the intensity is −20 dB (1% of initial value). 
By applying increasing amplification or gain to  
the backscattered signal to compensate for this attenu-
ation, a uniform intensity is restored to the tissue at all 
depths (B).
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strength or amplitude of the reflected sound is indicated 
by the height of the vertical deflection displayed on the 
oscilloscope. With A-mode ultrasound, only the posi-
tion and strength of a reflecting structure are recorded.

Another simple form of imaging, M-mode ultra-
sound, displays echo amplitude and shows the position 
of moving reflectors (Fig. 1-12). M-mode imaging uses 
the brightness of the display to indicate the intensity of 
the reflected signal. The time base of the display can be 
adjusted to allow for varying degrees of temporal resolu-
tion, as dictated by clinical application. M-mode ultra-
sound is interpreted by assessing motion patterns of 
specific reflectors and determining anatomic relation-
ships from characteristic patterns of motion. Currently, 
the major application of M-mode display is evaluation 
of the rapid motion of cardiac valves and of cardiac 

chamber and vessel walls. M-mode imaging may play a 
future role in measurement of subtle changes in vessel 
wall elasticity accompanying atherogenesis.

The mainstay of imaging with ultrasound is provided 
by real-time, gray-scale, B-mode display, in which 
variations in display intensity or brightness are used to 
indicate reflected signals of differing amplitude. To gen-
erate a two-dimensional (2-D) image, multiple ultra-
sound pulses are sent down a series of successive scan 
lines (Fig. 1-13), building a 2-D representation of echoes 
arising from the object being scanned. When an ultra-
sound image is displayed on a black background, signals 
of greatest intensity appear as white; absence of signal is 
shown as black; and signals of intermediate intensity 
appear as shades of gray. If the ultrasound beam is moved 
with respect to the object being examined and the posi-
tion of the reflected signal is stored, the brightest por-
tions of the resulting 2-D image indicate structures 
reflecting more of the transmitted sound energy back to 
the transducer.

In most modern instruments a digital memory of 512 
× 512 or 512 × 640 pixels is used to store values that 
correspond to the echo intensities originating from cor-
responding positions in the patient. At least 28, or 256, 
shades of gray are possible for each pixel, in accord with 
the amplitude of the echo being represented. The image 
stored in memory in this manner can then be sent to a 
video monitor for display.

Because B-mode display relates the strength of a back-
scattered signal to a brightness level on the display device 
(usually a video display monitor), it is important that the 
operator understand how the amplitude information in 
the ultrasound signal is translated into a brightness scale 
in the image display. Each ultrasound manufacturer 
offers several options for the way the dynamic range of 
the target is compressed for display, as well as the transfer 
function that assigns a given signal amplitude to a shade 
of gray. Although these technical details vary among 
machines, the way the operator uses them may greatly 
affect the clinical value of the final image. In general, it 

FIGURE 1-11. Dynamic 
range. The ultrasound receiver 
must compress the wide range of 
amplitudes returning to the trans-
ducer into a range that can be  
displayed to the user. Here, com-
pression and remapping of the 
data to display dynamic ranges of 
35, 40, 50, and 60 dB are shown. 
The widest dynamic range shown 
(60 dB) permits the best differen-
tiation of subtle differences in 
echo intensity and is preferred for 
most imaging applications. The 
narrower ranges increase conspi-
cuity of larger echo differences.

FIGURE 1-12. M-mode display. M-mode ultrasound dis-
plays changes of echo amplitude and position with time. Display 
of changes in echo position is useful in the evaluation of rapidly 
moving structures such as cardiac valves and chamber walls. Here, 
the three major moving structures in an M-mode image of the 
fetal heart correspond to the near ventricular wall (A), the inter-
ventricular septum (B), and the far ventricular wall (C). The 
baseline is a time scale that permits the calculation of heart rate 
from the M-mode data.

B

A
C

B

A
C
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FIGURE 1-13. B-mode imaging. A 2-D, real-time image is built by ultrasound pulses sent down a series of successive scan lines. 
Each scan line adds to the image, building a 2-D representation of echoes from the object being scanned. In real-time imaging, an entire 
image is created 15 to 60 times per second.

is desirable to display as wide a dynamic range as possi-
ble, to identify subtle differences in tissue echogenicity 
(see Fig. 1-11).

Real-time ultrasound produces the impression of 
motion by generating a series of individual 2-D images 
at rates of 15 to 60 frames per second. Real-time, 2-D, 
B-mode ultrasound is now the major method for ultra-
sound imaging throughout the body and is the most 
common form of B-mode display. Real-time ultrasound 
permits assessment of both anatomy and motion. When 
images are acquired and displayed at rates of several 
times per second, the effect is dynamic, and because the 
image reflects the state and motion of the organ at the 
time it is examined, the information is regarded as being 
shown in real time. In cardiac applications the terms 
“2-D echocardiography” and “2-D echo” are used to 
describe real-time, B-mode imaging; in most other appli-
cations the term “real-time ultrasound” is used.

Transducers used for real-time imaging may be clas-
sified by the method used to steer the beam in rapidly 
generating each individual image, keeping in mind that 
as many as 30 to 60 complete images must be generated 

per second for real-time applications. Beam steering 
may be done through mechanical rotation or oscillation 
of the transducer or by electronic means (Fig. 1-14). 
Electronic beam steering is used in linear array and 
phased array transducers and permits a variety of image 
display formats. Most electronically steered transducers 
currently in use also provide electronic focusing that is 
adjustable for depth. Mechanical beam steering may 
use single-element transducers with a fixed focus or may 
use annular arrays of elements with electronically con-
trolled focusing. For real-time imaging, transducers 
using mechanical or electronic beam steering generate 
displays in a rectangular or pie-shaped format. For 
obstetric, small parts, and peripheral vascular examina-
tions, linear array transducers with a rectangular image 
format are often used. The rectangular image display has 
the advantage of a larger field of view near the surface 
but requires a large surface area for transducer contact. 
Sector scanners with either mechanical or electronic 
steering require only a small surface area for contact and 
are better suited for examinations in which access is 
limited.
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Mechanical Sector Scanners

Early ultrasound scanners used transducers consisting of 
a single piezoelectric element. To generate real-time 
images with these transducers, mechanical devices were 
required to move the transducer in a linear or circular 
motion. Mechanical sector scanners using one or more 
single-element transducers do not allow variable focus-
ing. This problem is overcome by using annular array 

transducers. Although important in the early days of 
real-time imaging, mechanical sector scanners with 
fixed-focus, single-element transducers are not presently 
in common use.

Arrays

Current technology uses a transducer composed of mul-
tiple elements, usually produced by precise slicing of a 

FIGURE 1-14. Beam steer-
ing. A, Linear array. In a linear 
array transducer, individual ele-
ments or groups of elements are 
fired in sequence. This generates a 
series of parallel ultrasound beams, 
each perpendicular to the trans-
ducer face. As these beams move 
across the transducer face, they 
generate the lines of sight that 
combine to form the final image. 
Depending on the number of 
transducer elements and the 
sequence in which they are fired, 
focusing at selected depths  
from the surface can be achieved. 
B, Phased array. A phased array 
transducer produces a sector field 
of view by firing multiple trans-
ducer elements in precise sequence 
to generate interference of acous-
tic wavefronts. The ultrasound 
beam that results generates a series 
of lines of sight at varying angles 
from one side of the transducer  
to the other, producing a sector 
image format.

A

B
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piece of piezoelectric material into numerous small units, 
each with its own electrodes. Such transducer arrays may 
be formed in a variety of configurations. Typically, these 
are linear, curved, phased, or annular arrays. High-den-
sity 2-D arrays have also been developed. By precise 
timing of the firing of combinations of elements in these 
arrays, interference of the wavefronts generated by the 
individual elements can be exploited to change the direc-
tion of the ultrasound beam, and this can be used to 
provide a steerable beam for the generation of real-time 
images in a linear or sector format.

Linear Arrays

Linear array transducers are used for small parts, vascu-
lar, and obstetric applications because the rectangular 
image format produced by these transducers is well 
suited for these applications. In these transducers, indi-
vidual elements are arranged in a linear fashion. By firing 
the transducer elements in sequence, either individually 
or in groups, a series of parallel pulses is generated, each 
forming a line of sight perpendicular to the transducer 
face. These individual lines of sight combine to form the 
image field of view (see Fig. 1-14, A). Depending on the 
number of transducer elements and the sequence in 
which they are fired, focusing at selected depths from the 
surface can be achieved.

Curved Arrays

Linear arrays that have been shaped into convex curves 
produce an image that combines a relatively large surface 
field of view with a sector display format. Curved array 
transducers are used for a variety of applications, the 
larger versions serving for general abdominal, obstetric, 
and transabdominal pelvic scanning. Small, high-fre-
quency, curved array scanners are often used in trans-
vaginal and transrectal probes and for pediatric imaging.

Phased Arrays

In contrast to mechanical sector scanners, phased array 
scanners have no moving parts. A sector field of view is 
produced by multiple transducer elements fired in precise 
sequence under electronic control. By controlling the 
time and sequence at which the individual transducer 
elements are fired, the resulting ultrasound wave can be 
steered in different directions as well as focused at dif-
ferent depths (see Fig. 1-14, B). By rapidly steering the 
beam to generate a series of lines of sight at varying 
angles from one side of the transducer to the other, a 
sector image format is produced. This allows the fabrica-
tion of transducers of relatively small size but with large 
fields of view at depth. These transducers are particularly 
useful for intercostal scanning, to evaluate the heart, 
liver, or spleen, and for examinations in other areas 
where access is limited.

Two-Dimensional Arrays

Transducer arrays can be formed (1) by slicing a rectan-
gular piece of transducer material perpendicular to its 
long axis to produce a number of small rectangular ele-
ments or (2) by creating a series of concentric elements 
nested within one another in a circular piece of piezo-
electric material to produce an annular array. The use of 
multiple elements permits precise focusing. A particular 
advantage of 2-D array construction is that the beam can 
be focused in both the elevation plane and the lateral 
plane, and a uniform and highly focused beam can be 
produced (Fig. 1-15). These arrays improve spatial reso-
lution and contrast, reduce clutter, and are well suited 
for the collection of data from volumes of tissue for use 
in 3-D processing and display. Unlike linear 2-D arrays, 
in which delays in the firing of the individual elements 
may be used to steer the beam, annular arrays do not 
permit beam steering and, to be used for real-time 
imaging, must be steered mechanically.

Transducer Selection

Practical considerations in the selection of the optimal 
transducer for a given application include not only the 
requirements for spatial resolution, but also the distance 
of the target object from the transducer because penetra-
tion of ultrasound diminishes as frequency increases. In 
general, the highest ultrasound frequency permitting 
penetration to the depth of interest should be selected. 
For superficial vessels and organs, such as the thyroid, 
breast, or testicle, lying within 1 to 3 cm of the surface, 
imaging frequencies of 7.5 to 15 MHz are typically used. 
These high frequencies are also ideal for intraoperative 

FIGURE 1-15. Two-dimensional array. High-density 
2-D arrays consist of a 2-D matrix of transducer elements, permit-
ting acquisition of data from a volume rather than a single plane 
of tissue. Precise electronic control of individual elements permits 
adjustable focusing on both azimuth and elevation planes.
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applications. For evaluation of deeper structures in the 
abdomen or pelvis more than 12 to 15 cm from the 
surface, frequencies as low as 2.25 to 3.5 MHz may be 
required. When maximal resolution is needed, a high-
frequency transducer with excellent lateral and elevation 
resolution at the depth of interest is required.

IMAGE DISPLAY AND STORAGE

With real-time ultrasound, user feedback is immediate 
and is provided by video display. The brightness and 
contrast of the image on this display are determined by 
the ambient lighting in the examination room, the 
brightness and contrast settings of the video monitor, the 
system gain setting, and the TGC adjustment. The 
factor most affecting image quality in many ultrasound 
departments is probably improper adjustment of the 
video display, with a lack of appreciation of the relation-
ship between the video display settings and the appear-
ance of hard copy or images viewed on a workstation. 
Because of the importance of the real-time video display 
in providing feedback to the user, it is essential that the 
display and the lighting conditions under which it is 
viewed are standardized and matched to the display used 
for interpretation. Interpretation of images and archival 
storage of images may be in the form of transparencies 
printed on film by optical or laser cameras and printers, 
videotape, or digital picture archiving and communi-
cations system (PACS). Increasingly, digital storage is 
being used for archiving of ultrasound images.

SPECIAL IMAGING MODES

Tissue Harmonic Imaging

Variation of the propagation velocity of sound in fat and 
other tissues near the transducer results in a phase aber-
ration that distorts the ultrasound field, producing noise 
and clutter in the ultrasound image. Tissue harmonic 
imaging provides an approach for reducing the effects of 
phase aberrations.5 Nonlinear propagation of ultrasound 
through tissue is associated with the more rapid propaga-
tion of the high-pressure component of the ultrasound 
pressure wave than its negative (rarefactional) compo-
nent. This results in increasing distortion of the acoustic 
pulse as it travels within the tissue and causes the genera-
tion of multiples, or harmonics, of the transmitted fre-
quency (Fig. 1-16).

Tissue harmonic imaging takes advantage of the gen-
eration, at depth, of these harmonics. Because the gen-
eration of harmonics requires interaction of the 
transmitted field with the propagating tissue, harmonic 
generation is not present near the transducer/skin inter-
face, and it only becomes important some distance from 
the transducer. In most cases the near and far fields of 

the image are affected less by harmonics than by inter-
mediate locations. Using broad-bandwidth transducers 
and signal filtration or coded pulses, the harmonic signals 
reflected from tissue interfaces can be selectively dis-
played. Because most imaging artifacts are caused by the 
interaction of the ultrasound beam with superficial struc-
tures or by aberrations at the edges of the beam profile, 
these artifacts are eliminated using harmonic imaging 
because the artifact-producing signals do not consist of 
sufficient energy to generate harmonic frequencies and 
therefore are filtered out during image formation. Images 
generated using tissue harmonics often exhibit reduced 
noise and clutter (Fig. 1-17). Because harmonic beams 
are narrower than the originally transmitted beams, 
spatial resolution is improved and side lobes are reduced.

Spatial Compounding

An important source of image degradation and loss of 
contrast is ultrasound speckle. Speckle results from the 
constructive and destructive interaction of the acoustic 
fields generated by the scattering of ultrasound from 
small tissue reflectors. This interference pattern gives 
ultrasound images their characteristic grainy appearance 
(see Fig. 1-6), reducing contrast (Fig. 1-18) and making 
the identification of subtle features more difficult. By 
summing images from different scanning angles through 
compound scanning (Fig. 1-19), significant improve-
ment in the contrast-to-noise (speckle) ratio can be 
achieved (Fig. 1-20). This is because speckle is random, 
and the generation of an image by compounding will 
reduce speckle noise because only the signal is reinforced. 
In addition, spatial compounding may reduce artifacts 
that result when an ultrasound beam strikes a specular 

FIGURE 1-16. Harmonic generation. The transmitted 
waveform is shown in A. As the sound is propagated through 
tissue, the high-pressure component of the wave travels more 
rapidly than the rarefactional component, producing distortion 
(B) of the wave and generating higher-frequency components 
(harmonics). (From Merritt CR: Technology update. Radiol Clin 
North Am 2001;39:385-397.)
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FIGURE 1-17. Tissue har-
monic imaging. A, Conven-
tional image, and B, tissue harmonic 
image, of gallbladder of patient with 
acute cholecystitis. Note the reduc-
tion of noise and clutter in the tissue 
harmonic image. Because harmonic 
beams do not interact with superficial 
structures and are narrower than the 
originally transmitted beam, spatial 
resolution is improved and clutter 
and side lobes are reduced. (From 
Merritt CR: Technology update. Radiol 
Clin North Am 2001;39:385-397.)

FIGURE 1-18. Effect of 
speckle on contrast. A, 
Speckle noise partially obscures 
the simulated lesion. B, The 
speckle has been reduced, increas-
ing contrast resolution between 
the lesion and the background. 
(From Merritt CR: Technology 
update. Radiol Clin North Am 
2001;39:385-397.)

A B

FIGURE 1-19. Spatial compounding. A, Conventional 
imaging is limited to a fixed angle of incidence of ultrasound scan 
lines to tissue interfaces, resulting in poor definition of specular reflec-
tors that are not perpendicular to the beam. B, Spatial compounding 
combines images obtained by insonating the target from multiple 
angles. In addition to improving detection interfaces, compounding 
reduces speckle noise because only the signal is reinforced; speckle is 
random and not reinforced. This improves contrast.A B
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FIGURE 1-20. Spatial com-
pounding. A, Conventional 
image, and B, compound image, 
of the thyroid. Note the reduced 
speckle as well as better definition 
of superficial tissue (blue arrow) as 
well as small cysts (yellow arrows) 
and calcifications (white arrow).

A B

reflector at an angle greater or less than 90 degrees. In 
conventional real-time imaging, each scan line used to 
generate the image strikes the target at a constant, fixed 
angle. As a result, strong reflectors that are not perpen-
dicular to the ultrasound beam scatter sound in direc-
tions that prevent their clear detection and display. This 
in turn results in poor margin definition and less distinct 
boundaries for cysts and other masses. Compounding 
has been found to reduce these artifacts. Limitations of 
compounding are diminished visibility of shadowing 
and enhancement; however, these are offset by the ability 
to evaluate lesions, both with and without compound-
ing, preserving shadowing and enhancement when these 
features are important to diagnosis.6

Three-Dimensional Ultrasound

Dedicated 3-D scanners used for fetal, gynecologic, and 
cardiac scanning may employ hardware-based image reg-
istration, high-density 2-D arrays, or software registra-
tion of scan planes as a tissue volume is acquired. 3-D 

imaging permits volume data to be viewed in multiple 
imaging planes and allows accurate measurement of 
lesion volume (Fig. 1-21).

IMAGE QUALITY

The key determinants of the quality of an ultrasound 
image are its spatial, contrast, and temporal resolution, 
as well as freedom from certain artifacts.

Spatial Resolution

The ability to differentiate two closely situated objects 
as distinct structures is determined by the spatial resolu-
tion of the ultrasound device. Spatial resolution must be 
considered in three planes, with different determinants 
of resolution for each. Simplest is the resolution along 
the axis of the ultrasound beam, or axial resolution. 
With pulsed wave ultrasound, the transducer introduces 
a series of brief bursts of sound into the body. Each 
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ultrasound pulse typically consists of two or three cycles 
of sound. The pulse length is the product of the wave-
length and the number of cycles in the pulse. Axial reso-
lution, the maximum resolution along the beam axis,  
is determined by the pulse length (Fig. 1-22). Because 
ultrasound frequency and wavelength are inversely 
related, the pulse length decreases as the imaging fre-
quency increases. Because the pulse length determines 
the maximum resolution along the axis of the ultrasound 
beam, higher transducer frequencies provide higher 
image resolution. For example, a transducer operating 
at 5 MHz produces sound with a wavelength of 
0.308 mm. If each pulse consists of three cycles of sound, 
the pulse length is slightly less than 1 mm, and this 
becomes the maximum resolution along the beam axis. 
If the transducer frequency is increased to 15 MHz, the 
pulse length is less than 0.4 mm, permitting resolution 
of smaller details.

In addition to axial resolution, resolution in the planes 
perpendicular to the beam axis must also be considered. 
Lateral resolution refers to resolution in the plane per-
pendicular to the beam and parallel to the transducer 
and is determined by the width of the ultrasound beam. 
Azimuth resolution, or elevation resolution, refers to 
the slice thickness in the plane perpendicular to the 
beam and to the transducer (Fig. 1-23). Ultrasound is a 
tomographic method of imaging that produces thin 

FIGURE 1-21. 3-D ultrasound image, 24-week 
fetus. Three-dimensional ultrasound permits collection and 
review of data obtained from a volume of tissue in multiple 
imaging planes, as well as a rendering of surface features.

slices of information from the body, and the width and 
thickness of the ultrasound beam are important determi-
nants of image quality. Excessive beam width and thick-
ness limit the ability to delineate small features and may 
obscure shadowing and enhancement from small struc-
tures, such as breast microcalcifications and small thyroid 
cysts. The width and thickness of the ultrasound beam 
determine lateral resolution and elevation resolution, 
respectively. Lateral and elevation resolutions are signifi-
cantly poorer than the axial resolution of the beam. 
Lateral resolution is controlled by focusing the beam, 
usually by electronic phasing, to alter the beam width at 
a selected depth of interest. Elevation resolution is deter-
mined by the construction of the transducer and gener-
ally cannot be controlled by the user.

IMAGING PITFALLS

In ultrasound, perhaps more than in any other imaging 
method, the quality of the information obtained is deter-
mined by the user’s ability to recognize and avoid arti-
facts and pitfalls.7 Many imaging artifacts are induced by 
errors in scanning technique or improper use of the 
instrument and are preventable. Artifacts may cause  
misdiagnosis or may obscure important findings. Under-
standing artifacts is essential for correct interpretation of 
ultrasound examinations.

Many artifacts suggest the presence of structures not 
actually present. These include reverberation, refraction, 
and side lobes. Reverberation artifacts arise when the 
ultrasound signal reflects repeatedly between highly 
reflective interfaces that are usually, but not always, near 
the transducer (Fig. 1-24). Reverberations may also give 
the false impression of solid structures in areas where only 
fluid is present. Certain types of reverberation may be 
helpful because they allow the identification of a specific 
type of reflector, such as a surgical clip. Reverberation 
artifacts can usually be reduced or eliminated by chang-
ing the scanning angle or transducer placement to avoid 
the parallel interfaces that contribute to the artifact.

Refraction causes bending of the sound beam so that 
targets not along the axis of the transducer are insonated. 
Their reflections are then detected and displayed in the 
image. This may cause structures to appear in the image 
that actually lie outside the volume the investigator 
assumes is being examined (see Fig. 1-7). Similarly, side 
lobes may produce confusing echoes that arise from 
sound beams that lie outside the main ultrasound beam 
(Fig. 1-25). These side lobe artifacts are of clinical 
importance because they may create the impression of 
structures or debris in fluid-filled structures (Fig. 1-26). 
Side lobes may also result in errors of measurement by 
reducing lateral resolution. As with most other artifacts, 
repositioning the transducer and its focal zone or using 
a different transducer will usually allow the differentia-
tion of artifactual from true echoes.



18  PART I ■ Physics

FIGURE 1-22. Axial resolution. 
Axial resolution is the resolution along the 
beam axis (A) and is determined by the pulse 
length (B). The pulse length is the product 
of the wavelength (which decreases with 
increasing frequency) and the number of 
waves (usually two to three). Because the 
pulse length determines axial resolution, 
higher transducer frequencies provide higher 
image resolution. In B, for example, a trans-
ducer operating at 5 MHz produces sound 
with a wavelength of 0.31 mm. If each pulse 
consists of three cycles of sound, the pulse 
length is slightly less than 1 mm, and objects 
A and B, which are 0.5 mm apart, cannot be 
resolved as separate structures. If the trans-
ducer frequency is increased to 15 MHz,  
the pulse length is less than 0.3 mm, permit-
ting A and B to be identified as separate 
structures.

A

B

FIGURE 1-23. Lateral and eleva-
tion resolution. Resolution in the planes 
perpendicular to the beam axis is an impor-
tant determinant of image quality. Lateral 
resolution (L) is resolution in the plane per-
pendicular to the beam and parallel to the 
transducer and is determined by the width 
of the ultrasound beam. Lateral resolution is 
controlled by focusing the beam, usually by 
electronic phasing to alter the beam width at 
a selected depth of interest. Azimuth or ele-
vation resolution (E) is determined by the 
slice thickness in the plane perpendicular to 
the beam and the transducer. Elevation reso-
lution is controlled by the construction of 
the transducer. Both lateral and elevation 
resolution are less than the axial resolution.
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FIGURE 1-24. Reverberation arti-
fact. Reverberation artifacts arise when the 
ultrasound signal reflects repeatedly between 
highly reflective interfaces near the trans-
ducer, resulting in delayed echo return to the 
transducer. This appears in the image as a 
series of regularly spaced echoes at increasing 
depth. The echo at depth 1 is produced by 
simple reflection from a strong interface. 
Echoes at levels 2, 3, and 4 are produced by 
multiple reflections between this interface 
and the surface (simulated image).

FIGURE 1-25. Side lobes. Although most of the energy 
generated by a transducer is emitted in a beam along the central 
axis of the transducer (A), some energy is also emitted at the 
periphery of the primary beam (B and C). These are called side 
lobes and are lower in intensity than the primary beam. Side lobes 
may interact with strong reflectors that lie outside of the scan 
plane and produce artifacts that are displayed in the ultrasound 
image (see also Fig. 1-26).

FIGURE 1-26. Side lobe artifact. Transverse image of the 
gallbladder reveals a bright internal echo (A) that suggests a band 
or septum within the gallbladder. This is a side lobe artifact related 
to the presence of a strong out-of-plane reflector (B) medial to 
the gallbladder. The low-level echoes in the dependent portion of 
the gallbladder (C) are also artifactual and are caused by the same 
phenomenon. Side lobe and slice thickness artifacts are of clinical 
importance because they may create the impression of debris in 
fluid-filled structures. As with most other artifacts, repositioning 
the transducer and its focal zone or using a different transducer 
will usually allow the differentiation of artifactual from true 
echoes.
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Artifacts may also remove real echoes from the display 
or obscure information, and important pathology may 
be missed. Shadowing results when there is a marked 
reduction in the intensity of ultrasound deep to a strong 
reflector or attenuator. Shadowing causes partial or com-
plete loss of information due to attenuation of the sound 
by superficial structures. Another common cause of loss 
of image information is improper adjustment of system 
gain and TGC settings. Many low-level echoes are near 
the noise levels of the equipment, and considerable skill 
and experience are needed to adjust instrument settings 
to display the maximum information with the minimum 
noise. Poor scanning angles, inadequate penetration, 
and poor resolution may also result in loss of significant 
information. Careless selection of transducer fre-
quency and lack of attention to the focal characteris-
tics of the beam will cause loss of clinically important 
information from deep, low-amplitude reflectors and 
small targets. Ultrasound artifacts may alter the size, 
shape, and position of structures. For example, a mul-
tipath artifact is created when the path of the returning 
echo is not the one expected, resulting in display of the 
echo at an improper location in the image (Fig. 1-27).

Shadowing and Enhancement

Although most artifacts degrade the ultrasound image 
and impede interpretation, two artifacts of clinical value 
are shadowing and enhancement. Again, shadowing 
results when an object (e.g., calculus) attenuates sound 
more rapidly than surrounding tissues. Enhancement 
occurs when an object (e.g., cyst) attenuates less than 
surrounding tissues. Failure of TGC applied to normal 
tissue to compensate properly for the attenuation of 
more highly attenuating (shadowing) or poorly attenuat-
ing (enhancing) structures produces the artifact (Fig. 
1-28). Because attenuation increases with frequency, the 
effects of shadowing and enhancement are greater at 
higher than at lower frequencies. The conspicuity of 

shadowing and enhancement is reduced by excessive 
beam width, improper focal zone placement, and use of 
spatial compounding.

DOPPLER SONOGRAPHY

Conventional B-mode ultrasound imaging uses pulse-
echo transmission, detection, and display techniques. 
Brief pulses of ultrasound energy emitted by the trans-
ducer are reflected from acoustic interfaces within the 
body. Precise timing allows determination of the depth 
from which the echo originates. When pulsed wave 
ultrasound is reflected from an interface, the backscat-
tered (reflected) signal contains amplitude, phase, and 
frequency information (Fig. 1-29). This information 
permits inference of the position, nature, and motion of 
the interface reflecting the pulse. B-mode ultrasound 
imaging uses only the amplitude information in the 
backscattered signal to generate the image, with differ-
ences in the strength of reflectors displayed in the image 
in varying shades of gray. Rapidly moving targets, such 
as red cells in the bloodstream, produce echoes of low 
amplitude that are not usually displayed, resulting in a 
relatively anechoic pattern within the lumens of large 
vessels.

Although gray-scale display relies on the amplitude of 
the backscattered ultrasound signal, additional informa-
tion is present in the returning echoes that can be used 
to evaluate the motion of moving targets. When high-
frequency sound impinges on a stationary interface, the 
reflected ultrasound has essentially the same frequency 
or wavelength as the transmitted sound (Fig. 1-30, A). 
If the reflecting interface is moving with respect to the 
sound beam emitted from the transducer, however, there 
is a change in the frequency of the sound scattered by 
the moving object (Fig. 1-30, B and C). This change in 
frequency is directly proportional to the velocity of the 
reflecting interface relative to the transducer and is a 

FIGURE 1-27. Multipath artifact. A, Mirror image of the uterus is created by reflection of sound from an interface produced by 
gas in the rectum. B, Echoes reflected from the wall of an ovarian cyst create complex echo paths that delay return of echoes to the trans-
ducer. In both examples, the longer path of the reflected sound results in the display of echoes at a greater depth than they should normally 
appear. In A this results in an artifactual image of the uterus appearing in the location of the rectum. In B the effect is more subtle and 
more likely to cause misdiagnosis because the artifact suggests a mural nodule in what is actually a simple ovarian cyst.

A B
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FIGURE 1-28. Shadowing and enhancement. A, Uncor-
rected image of a shadowing breast mass shows that the mass attenu-
ates 15 dB more than the surrounding normal tissue. B, Application 
of appropriate TGC results in proper display of the normal breast 
tissue. However, because of the increased attenuation of the mass, a 
shadow results. C, Similarly, the cyst attenuates 7 dB less than the 
normal tissue, and TGC correction for normal tissue results in over-
amplification of the signals deep to the cyst, producing enhancement 
of these tissues.
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result of the Doppler effect. The relationship of the 
returning ultrasound frequency to the velocity of the 
reflector is described by the Doppler equation, as follows:

∆F F F F v cR T T= −( ) = ⋅ ⋅2  5

The Doppler frequency shift is ΔF; FR is the frequency 
of sound reflected from the moving target; FT is the 
frequency of sound emitted from the transducer; v is the 
velocity of the target toward the transducer; and c is 
the velocity of sound in the medium. The Doppler fre-
quency shift (ΔF), as just described, applies only if the 
target is moving directly toward or away from the trans-
ducer (Fig. 1-31, A). In most clinical settings the direc-
tion of the ultrasound beam is seldom directly toward or 

away from the direction of flow, and the ultrasound 
beam usually approaches the moving target at an angle 
designated as the Doppler angle (Fig. 1-31, B). In this 
case, ΔF is reduced in proportion to the cosine of this 
angle, as follows:

∆F F F F v cos cR T T= −( ) = ⋅ ⋅ ⋅2 θ  6

where θ is the angle between the axis of flow and the 
incident ultrasound beam. If the Doppler angle can be 
measured, estimation of flow velocity is possible. Accu-
rate estimation of target velocity requires precise mea-
surement of both the Doppler frequency shift and the 
angle of insonation to the direction of target movement. 
As the Doppler angle (θ) approaches 90 degrees, the 
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FIGURE 1-29. Backscattered information. The back-
scattered ultrasound signal contains amplitude, phase, and fre-
quency information. Signals B and C differ in amplitude but have 
the same frequency. Amplitude differences are used to generate 
B-mode images. Signals A and B differ in frequency but have 
similar amplitudes. Such frequency differences are the basis of 
Doppler ultrasound.

FIGURE 1-30. Doppler effect. A, Stationary target. If the 
reflecting interface is stationary, the backscattered ultrasound has 
the same frequency or wavelength as the transmitted sound, and 
there is no difference in the transmitted (FT) and reflected (FR) 
frequencies. B and C, Moving targets. If the reflecting interface 
is moving with respect to the sound beam emitted from the trans-
ducer, there is a change in the frequency of the sound scattered 
by the moving object. When the interface moves toward the 
transducer (B), the difference in reflected and transmitted fre-
quencies is greater than zero. When the target is moving away 
from the transducer (C), this difference is less than zero. The 
Doppler equation is used to relate this change in frequency to the 
velocity of the moving object.

A

B

C

Stationary target: (FR − FT) = 0

Target motion toward transducer: (FR − FT) > 0

Target motion away from transducer: (FR − FT) < 0

cosine of θ approaches 0. At an angle of 90 degrees, 
there is no relative movement of the target toward or 
away from the transducer, and no Doppler frequency 
shift is detected (Fig. 1-32). Because the cosine of the 
Doppler angle changes rapidly for angles more than 60 

FIGURE 1-31. Doppler equations. The Doppler equation 
describes the relationship of the Doppler frequency shift to target 
velocity. A, In its simplest form, it is assumed that the direction 
of the ultrasound beam is parallel to the direction of movement 
of the target. This situation is unusual in clinical practice. More 
often, the ultrasound impinges on the vessel at angle θ. B, In this 
case the Doppler frequency shift detected is reduced in proportion 
to the cosine of θ.

B

FT FR

c

v

∆F = (FR − FT) = 2 • FT • v • cos θ

θ

A

FT FR

c

v

∆F = (FR − FT) = 2 • FT • v

degrees, accurate angle correction requires that Doppler 
measurements be made at angles of less than 60 degrees. 
Above 60 degrees, relatively small changes in the Doppler 
angle are associated with large changes in cosθ, and 
therefore a small error in estimation of the Doppler angle 
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range. This audible signal may be analyzed by ear and, 
with training, the operator can identify many flow char-
acteristics. More often, the Doppler shift data are dis-
played in graphic form as a time-varying plot of the 
frequency spectrum of the returning signal. A fast Fourier 
transformation is used to perform the frequency analysis. 
The resulting Doppler frequency spectrum displays the 
following (Fig. 1-33, A):
• Variation with time of the Doppler frequencies 

present in the volume sampled.
• The envelope of the spectrum, representing the 

maximum frequencies present at any given point in 
time.

• The width of the spectrum at any point, indicating 
the range of frequencies present.

The amplitude of the Doppler signal is related to the 
number of targets moving at a given velocity. In many 
instruments the amplitude of each frequency component 
is displayed in gray scale as part of the spectrum. The 
presence of a large number of different frequencies at a 
given point in the cardiac cycle results in spectral 
broadening.

In color Doppler imaging systems, a representation of 
the Doppler frequency shift is displayed as a feature of 
the image itself (Fig. 1-33, B). In addition to the detec-
tion of Doppler frequency shift data from each pixel in 
the image, these systems may also provide range-gated 
pulsed wave Doppler with spectral analysis for display of 
Doppler data.

FIGURE 1-32. Effect of Doppler angle on frequency 
shift. At an angle of 60 degrees, the detected frequency shift 
detected by the transducer is only 50% of the shift detected at an 
angle of 0 degrees. At 90 degrees, there is no relative movement 
of the target toward or away from the transducer, and no fre-
quency shift is detected. The detected Doppler frequency shift is 
reduced in proportion to the cosine of the Doppler angle. Because 
the cosine of the angle changes rapidly at angles above 60 degrees, 
the use of Doppler angles of less than 60 degrees is recommended 
in making velocity estimates.

θ = 0°
cos θ = 1.0
∆F = 1.0

θ = 60°
cos θ = 0.5
∆F = 0.5

θ = 90°
cos θ = 0.0
∆F = 0.0

may result in a large error in the estimation of velocity. 
These considerations are important in using both duplex 
and color Doppler instruments. Optimal imaging of the 
vessel wall is obtained when the axis of the transducer is 
perpendicular to the wall, whereas maximal Doppler 
frequency differences are obtained when the transducer 
axis and the direction of flow are at a relatively small 
angle.

In peripheral vascular applications, it is highly desir-
able that measured Doppler frequencies be corrected 
for the Doppler angle to provide velocity measure-
ment. This allows comparison of data from systems 
using different Doppler frequencies and eliminates error 
in interpretation of frequency data obtained at different 
Doppler angles. For abdominal applications, angle- 
corrected velocity measurements are encouraged, 
although qualitative assessments of flow are often made 
using only the Doppler frequency shift data. The inter-
relation of transducer frequency (FT) and the Doppler 
angle (θ) to the Doppler frequency shift (ΔF) and target 
velocity described by the Doppler equation are impor-
tant in proper clinical use of Doppler equipment.

Doppler Signal Processing  
and Display

Several options exist for the processing of ΔF, the 
Doppler frequency shift, to provide useful information 
regarding the direction and velocity of blood. Doppler 
frequency shifts encountered clinically are in the audible 

FIGURE 1-33. Doppler display. A, Doppler frequency 
spectrum waveform shows changes in flow velocity and direction 
by vertical deflections of the waveform above and below the base-
line. The width of the spectral waveform (spectral broadening) is 
determined by the range of frequencies present at any instant in 
time (arrow). A brightness (gray) scale is used to indicate the 
amplitude of each frequency component. B, Color Doppler 
imaging. Amplitude data from stationary targets provide the basis 
for the B-mode image. Signal phase provides information about 
the presence and direction of motion, and changes in frequency 
relate to the velocity of the target. Backscattered signals from red 
blood cells are displayed in color as a function of their motion 
toward or away from the transducer, and the degree of the satura-
tion of the color is used to indicate the frequency shift from 
moving red cells.

B

A
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Doppler Instrumentation

In contrast to A-mode, M-mode, and B-mode gray-scale 
ultrasonography, which display the information from 
tissue interfaces, Doppler ultrasound instruments are 
optimized to display flow information. The simplest 
Doppler devices use continuous wave rather than pulsed 
wave ultrasound, using two transducers that transmit 
and receive ultrasound continuously (continuous wave 
or CW Doppler). The transmit and receive beams 
overlap in a sensitive volume at some distance from the 
transducer face (Fig. 1-34, A). Although direction of 
flow can be determined with CW Doppler, these devices 
do not allow discrimination of motion coming from 
various depths, and the source of the signal being 
detected is difficult, if not impossible, to ascertain with 
certainty. Inexpensive and portable, CW Doppler instru-
ments are used primarily at the bedside or intraopera-
tively to confirm the presence of flow in superficial 
vessels.

Because of the limitations of CW systems, most appli-
cations use range-gated, pulsed wave Doppler. Rather 
than a continuous wave of ultrasound emission, pulsed 
wave Doppler devices emit brief pulses of ultrasound 
energy (Fig. 1-34, B). Using pulses of sound permits use 
of the time interval between the transmission of a pulse 
and the return of the echo as a means of determining the 
depth from which the Doppler shift arises. The princi-
ples are similar to the echo-ranging principles used for 
imaging (see Fig. 1-4). In a pulsed wave Doppler system 
the sensitive volume from which flow data are sampled 
can be controlled in terms of shape, depth, and position. 
When pulsed wave Doppler is combined with a 2-D, 

FIGURE 1-34. Continuous wave and pulsed wave Doppler. A, Continuous wave (CW) Doppler uses separate transmit 
and receive crystals that continuously transmit and receive ultrasound. Although able to detect the presence and direction of flow, CW 
devices are unable to distinguish signals arising from vessels at different depths (green-shaded area). B, Using the principle of ultrasound 
ranging (see Fig. 1-4), pulsed wave Doppler permits the sampling of flow data from selected depths by processing only the signals that 
return to the transducer after precisely timed intervals. The operator is able to control the position of the sample volume and, in duplex 
systems, to view the location from which the Doppler data are obtained.

A B

real-time, B-mode imager in the form of a duplex 
scanner, the position of the Doppler sample can be 
precisely controlled and monitored.

The most common form of Doppler ultrasound to  
be used for radiology applications is color Doppler 
imaging8 (Fig. 1-35, A). In color Doppler imaging 
systems, frequency shift information determined from 
Doppler measurements is displayed as a feature of the 
image itself. Stationary or slowly moving targets provide 
the basis for the B-mode image. Signal phase provides 
information about the presence and direction of motion, 
and changes in echo signal frequency relate to the veloc-
ity of the target. Backscattered signals from red blood 
cells are displayed in color as a function of their motion 
toward or away from the transducer, and the degree of 
the saturation of the color is used to indicate the relative 
frequency shift produced by the moving red cells.

Color Doppler flow imaging (CDFI) expands con-
ventional duplex sonography by providing additional 
capabilities. The use of color saturation to display varia-
tions in Doppler shift frequency allows an estimation of 
relative velocity from the image alone, provided that 
variations in the Doppler angle are noted. The display 
of flow throughout the image field allows the position 
and orientation of the vessel of interest to be observed 
at all times. The display of spatial information with 
respect to velocity is ideal for display of small, localized 
areas of turbulence within a vessel, which provide clues 
to stenosis or irregularity of the vessel wall caused by 
atheroma, trauma, or other disease. Flow within the 
vessel is observed at all points, and stenotic jets and focal 
areas of turbulence are displayed that might be over-
looked with duplex instrumentation. The contrast of 
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flow within the vessel lumen (1) permits visualization of 
small vessels that are invisible when using conventional 
imagers and (2) enhances the visibility of wall irregular-
ity. CDFI aids in determination of the direction of flow 
and measurement of the Doppler angle.

Power Mode Doppler

An alternative to the display of frequency information 
with color Doppler imaging is to use a color map that 
displays the integrated power of the Doppler signal 
instead of its mean frequency shift9 (Fig. 1-35, B). 
Because frequency shift data are not displayed, there is 
no aliasing. The image does not provide information 
related to flow direction or velocity, and power mode 
Doppler imaging is much less angle dependent than 
frequency-based color Doppler display. In contrast to 
color Doppler, where noise may appear in the image as 
any color, power mode Doppler permits noise to be 
assigned to a homogeneous background color that does 
not greatly interfere with the image. This results in a 
significant increase in the usable dynamic range of the 
scanner, permitting higher effective gain settings and 
increased sensitivity for flow detection (Fig. 1-36).

Interpretation of  
the Doppler Spectrum

Doppler data components that must be evaluated both 
in spectral display and in color Doppler imaging include 
the Doppler shift frequency and amplitude, the Doppler 
angle, the spatial distribution of frequencies across the 
vessel, and the temporal variation of the signal. Because 
the Doppler signal itself has no anatomic significance, 
the examiner must interpret the Doppler signal and then 
determine its relevance in the context of the image.

The detection of a Doppler frequency shift indicates 
movement of the target, which in most applications is 
related to the presence of flow. The sign of the frequency 
shift (positive or negative) indicates the direction of flow 
relative to the transducer. Vessel stenosis is typically 
associated with large Doppler frequency shifts in both 
systole and diastole at the site of greatest narrowing, with 
turbulent flow in poststenotic regions. In peripheral 
vessels, analysis of the Doppler changes allows accurate 
prediction of the degree of vessel narrowing. Information 
related to the resistance to flow in the distal vascular tree 
can be obtained by analysis of changes of blood velocity 
with time, as shown in the Doppler spectral display.

FIGURE 1-35. Color flow and power mode Doppler. A, Color flow Doppler imaging uses a color map to display informa-
tion based on the detection of frequency shifts from moving targets. Noise in this form of display appears across the entire frequency 
spectrum and limits sensitivity. B, Power mode Doppler uses a color map to show the distribution of the power or amplitude of the 
Doppler signal. Flow direction and velocity information are not provided in power mode Doppler display, but noise is reduced, allowing 
higher gain settings and improved sensitivity for flow detection.

A B

LIMITATIONS OF COLOR DOPPLER 
FLOW IMAGING

Angle dependence
Aliasing
Inability to display entire Doppler spectrum in the 

image
Artifacts caused by noise

ADVANTAGES OF POWER MODE 
DOPPLER

No aliasing
Much less angle dependence
Noise: a homogeneous background color
Increased sensitivity for flow detection
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Figure 1-37 provides a graphic example of the changes 
in the Doppler spectral waveform resulting from physi-
ologic changes in the resistance of the vascular bed sup-
plied by a normal brachial artery. A blood pressure cuff 
has been inflated to above systolic pressure to occlude 
the distal branches supplied by the brachial artery. This 
occlusion causes reduced systolic amplitude and cessa-
tion of diastolic flow, resulting in a waveform different 
than that found in the normal resting state. During the 
period of ischemia induced by pressure cuff occlusion of 
the forearm vessels, vasodilation has occurred. The 
Doppler waveform now reflects a low-resistance periph-
eral vascular bed with increased systolic amplitude and 
rapid flow throughout diastole, typical for vasodilation.

Doppler indices include the systolic/diastolic ratio, 
resistive index, and pulsatility index (Fig. 1-38). These 
compare blood flow in systole and diastole, show resis-
tance to flow in the peripheral vascular bed, and help 
evaluate the perfusion of tumors, renal transplants, the 
placenta, and other organs. With Doppler ultrasound, it 
is therefore possible to identify vessels, determine the 
direction of blood flow, evaluate narrowing or occlusion, 
and characterize blood flow to organs and tumors. Analy-
sis of the Doppler shift frequency with time can be used 
to infer both proximal stenosis and changes in distal 
vascular impedance. Most work using pulsed wave 
Doppler imaging has emphasized the detection of steno-
sis, thrombosis, and flow disturbances in major periph-

eral arteries and veins. In these applications, measurement 
of peak systolic and end diastolic frequency or velocity, 
analysis of the Doppler spectrum, and calculation of 
certain frequency or velocity ratios have been the basis 
of analysis. Changes in the spectral waveform measured 
by indices comparing flow in systole and diastole indicate 
the resistance of the vascular bed supplied by the vessel 
and the changes resulting from a variety of pathologies.

Changes in Doppler indices from normal may help in 
the early identification of rejection of transplanted 
organs, parenchymal dysfunction, and malignancy. 
Although useful, these measurements are influenced not 
only by the resistance to flow in peripheral vessels, but 
also by heart rate, blood pressure, vessel wall length and 
elasticity, extrinsic organ compression, and other factors. 
Therefore, interpretation must always take into account 
these variables.

Interpretation of Color Doppler

Although the graphic presentation of color Doppler 
imaging suggests that interpretation is made easier, the 
complexity of the color Doppler image actually makes 
this a more demanding image to evaluate than the simple 
Doppler spectrum. Nevertheless, color Doppler imaging 
has important advantages over pulsed wave duplex 
Doppler imaging, in which flow data are obtained only 
from a small portion of the area being imaged. To be 

FIGURE 1-36. Frequency 
and power mode color 
mapping. A, Conventional 
color Doppler uses the color map 
to show differences in flow direc-
tion and Doppler frequency shift. 
Because noise appears over the 
entire frequency spectrum, gain 
levels are limited to those that  
do not introduce excessive noise. 
B, Power mode Doppler color 
map, in contrast, indicates the 
amplitude of the Doppler signal. 
Because most noise is of low 
amplitude, it is possible to map 
this to colors near the background. 
This permits the use of high  
gain settings that offer significant 
improvements over conventional 
color Doppler in flow detection.

A

B
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confident that a conventional Doppler study has achieved 
reasonable sensitivity and specificity in detection of flow 
disturbances, a methodical search and sampling of mul-
tiple sites within the field of interest must be performed. 
In contrast, CDFI devices permit simultaneous sampling 
of multiple sites and are less susceptible to this error.

Although color Doppler can indicate the presence of 
blood flow, misinterpretation of color Doppler images 
may result in significant errors. Each color pixel displays 
a representation of the Doppler frequency shift detected 
at that point. The frequency shift displayed is not the 
peak frequency present at sampling but rather a weighted 
mean frequency that attempts to account for the range 
of frequencies and their relative amplitudes at sampling. 
Manufacturers use different methods to derive the 
weighted mean frequency displayed in their systems. In 
addition, the pulse repetition frequency (PRF) and the 
color map selected to display the detected range of fre-
quencies affect the color displayed. The color assigned 
to each Doppler pixel is determined by the Doppler 
frequency shift (which in turn is determined by target 
velocity and Doppler angle), the PRF, and the color map 
selected for display; therefore the interpretation of a 
color Doppler image must consider each of these vari-
ables. Although most manufacturers provide on-screen 
indications suggesting a relationship between the color 
displayed and flow velocity, this is misleading because 
color Doppler does not show velocity and only indicates 
the weighted mean frequency shift measured in the 
vessel; without correction for the effect of the Doppler 
angle, velocity cannot be estimated (Fig. 1-39). Since the 
frequency shift at a given point is a function of velocity 
and the Doppler angle, depending on the frequency shift 
present in a given pixel and the PRF, any velocity may 
be represented by any color, and under certain circum-
stances, low-velocity flow may not be shown at all. As 
with spectral Doppler, aliasing is determined by PRF. 

FIGURE 1-37. Imped-
ance. A, High-resistance 
waveform in brachial artery 
produced by inflating forearm 
blood pressure cuff to a  
pressure above the systolic 
blood pressure. As a result of 
high peripheral resistance, 
there is low systolic amplitude 
and reversed diastolic flow.  
B, Low-resistance waveform 
in peripheral vascular bed 
caused by vasodilation stimu-
lated by the prior ischemia. 
Immediately after release of 3 
minutes of occluding pressure, 
the Doppler waveform showed 
increased amplitude and rapid 
antegrade flow throughout 
diastole.

FIGURE 1-38. Doppler indices. Doppler imaging can 
provide information about blood flow in both large and small 
vessels. Small vessel impedance is reflected in the Doppler spectral 
waveform of afferent vessels. Doppler flow indices used to char-
acterize peripheral resistance are based on the peak systolic fre-
quency or velocity (A), the minimum or end diastolic frequency 
or velocity (B), and the mean frequency or velocity (M). The 
most frequently used indices are the systolic/diastolic ratio 
(A/B); resistive index [(A-B)/A]; and pulsatility index [(A-B)/
M]. In calculation of the pulsatility index, the minimum diastolic 
velocity or frequency is used; calculation of the systolic/diastolic 
ratio and resistive index use the end diastolic value.
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With color Doppler, aliasing causes frequencies greater 
than twice the PRF to “wrap around” and to be displayed 
in the opposite colors of the color map. Inexperienced 
users tend to associate color Doppler aliasing with ele-
vated velocity, but even low velocities may show marked 
aliasing if PRF is sufficiently low. As PRF is increased, 
aliasing of high Doppler frequency shifts is reduced; 
however, low frequency shifts may be eliminated from 
the display, resulting in diagnostic error (Fig. 1-40).

Other Technical Considerations

Although many problems and artifacts associated with 
B-mode imaging (e.g., shadowing) are encountered with 
Doppler sonography, the detection and display of fre-
quency information related to moving targets present 
additional technical considerations. It is important to 

understand the source of these artifacts and their influ-
ence on the interpretation of the flow measurements 
obtained in clinical practice.

Doppler Frequency

A primary objective of the Doppler examination is the 
accurate measurement of characteristics of flow within a 
vascular structure. The moving red blood cells that serve 
as the primary source of the Doppler signal act as point 
scatterers of ultrasound rather than specular reflectors. 
This interaction results in the intensity of the scattered 
sound varying in proportion to the fourth power of the 
frequency, which is important in selecting the Doppler 
frequency for a given examination. As the transducer 
frequency increases, Doppler sensitivity improves, but 
attenuation by tissue also increases, resulting in dimin-

FIGURE 1-39. Color Doppler. 
Each color pixel in a color Doppler 
image represents the Doppler fre-
quency shift at that point, and it 
cannot be used to estimate veloc-
ity. Even though the points A 
and B have similar color values 
and therefore similar Doppler fre-
quencies, the velocity at A is much 
higher than at B because of the 
large Doppler angle at A compared 
to B. The velocity represented 
by a given Doppler frequency 
increases in proportion to the 
Doppler angle.

A B

FIGURE 1-40. Pulse repetition frequency (PRF). Depending on the color map selected, velocity of the target, Doppler angle, 
and PRF, a given velocity may appear as any color with color Doppler. A and B are sonograms of identical vessels. A, PRF is 700 Hz, 
which results in aliasing of the higher Doppler frequency shifts in the carotid artery, but permits the identification of relatively slow flow 
in the jugular vein. B, PRF is 4500 Hz, eliminating aliasing in the artery but also suppressing the display of the low Doppler frequencies 
in the internal jugular vein.

A (PRF = 700 Hz) B (PRF = 4500 Hz)
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MAJOR SOURCES OF DOPPLER 
IMAGING ARTIFACTS

DOPPLER FREQUENCY
Higher frequencies lead to more tissue attenuation.
Wall filters remove signals from low-velocity blood 

flow.

INCREASE IN SPECTRAL BROADENING
Excessive system gain or changes in dynamic range 

of the gray-scale display.
Excessively large sample volume.
Sample volume too near the vessel wall.

INCREASE IN ALIASING
Decrease in pulse repetition frequency PRF.
Decrease in Doppler angle.
Higher Doppler frequency transducer.

DOPPLER ANGLE
Relatively inaccurate above 60 degrees.

SAMPLE VOLUME SIZE
Large sample volumes increase vessel wall noise.

ished penetration. Careful balancing of the require-
ments for sensitivity and penetration is an important 
responsibility of the operator during a Doppler examina-
tion. Because many abdominal vessels lie several centi-
meters beneath the surface, Doppler frequencies in the 
range of 3 to 3.5 MHz are usually required to permit 
adequate penetration.

Wall Filters

Doppler instruments detect motion not only from blood 
flow but also from adjacent structures. To eliminate 
these low-frequency signals from the display, most 
instruments use high pass filters, or “wall” filters, which 
remove signals that fall below a given frequency limit. 
Although effective in eliminating low-frequency noise, 
these filters may also remove signals from low-velocity 
blood flow (Fig. 1-41). In certain clinical situations the 
measurement of these slower flow velocities is of clinical 
importance, and the improper selection of the wall filter 
may result in serious errors of interpretation. For 
example, low-velocity venous flow may not be detected 
if an improper filter is used, and low-velocity diastolic 
flow in certain arteries may also be eliminated from the 
display, resulting in errors in the calculation of Doppler 
indices, such as the systolic/diastolic ratio or resistive 
index. In general, the filter should be kept at the lowest 
practical level, usually 50 to 100 Hz.

Spectral Broadening

Spectral broadening refers to the presence of a large 
range of flow velocities at a given point in the pulse cycle 
and, by indicating turbulence, is an important criterion 
of high-grade vessel narrowing. Excessive system gain or 
changes in the dynamic range of the gray-scale display 
of the Doppler spectrum may suggest spectral broaden-
ing; opposite settings may mask broadening of the 
Doppler spectrum, causing diagnostic inaccuracy. Spec-
tral broadening may also be produced by the selection 

FIGURE 1-41. Wall fil-
ters. Wall filters are used to 
eliminate low-frequency noise 
from the Doppler display. 
Here the effect on the display 
of low-velocity flow is shown 
with wall filter settings of A, 
100 Hz, and B, 400 Hz. High 
wall filter settings remove 
signal from low-velocity blood 
flow and may result in inter-
pretation errors. In general, 
wall filters should be kept at 
the lowest practical level, 
usually in the range of 50 to 
100 Hz.

BA
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of an excessively large sample volume or by the place-
ment of the sample volume too near the vessel wall, 
where slower velocities are present (Fig. 1-42).

Aliasing

Aliasing is an artifact arising from ambiguity in the mea-
surement of high Doppler frequency shifts. To ensure 
that samples originate from only a selected depth when 
using a pulsed wave Doppler system, it is necessary to 
wait for the echo from the area of interest before trans-

mitting the next pulse. This limits the rate with which 
pulses can be generated, a lower PRF being required for 
greater depth. The PRF also determines the maximum 
depth from which unambiguous data can be obtained. 
If PRF is less than twice the maximum frequency shift 
produced by movement of the target (Nyquist limit), 
aliasing results (Fig. 1-43, A and B). When PRF is less 
than twice the frequency shift being detected, lower fre-
quency shifts than are actually present are displayed. 
Because of the need for lower PRFs to reach deep vessels, 
signals from deep abdominal arteries are prone to alias-
ing if high velocities are present. In practice, aliasing is 
usually readily recognized (Fig. 1-43, C and D). Aliasing 
can be reduced by increasing the PRF, by increasing the 
Doppler angle—thereby decreasing the frequency shift—
or by using a lower-frequency Doppler transducer.

Doppler Angle

When making Doppler measurement of velocity, it is 
necessary to correct for the Doppler angle. The accuracy 
of a velocity estimate obtained with Doppler is only as 
great as the accuracy of the measurement of the Doppler 
angle. This is particularly true as the Doppler angle 
exceeds 60 degrees. In general, the Doppler angle is best 
kept at 60 degrees or less because small changes in the 
Doppler angle above 60 degrees result in significant 
changes in the calculated velocity. Therefore, measure-
ment inaccuracies result in much greater errors in veloc-
ity estimates than do similar errors at lower Doppler 
angles. Angle correction is not required for the measure-
ment of Doppler indices such as the resistive index, 
because these measurements are based only on the rela-
tionship of the systolic and diastolic amplitudes.

Sample Volume Size

With pulsed wave Doppler systems, the length of the 
Doppler sample volume can be controlled by the opera-
tor, and the width is determined by the beam profile. 
Analysis of Doppler signals requires that the sample 
volume be adjusted to exclude as much of the unwanted 
clutter as possible from near the vessel walls.

Doppler Gain

As with imaging, proper gain settings are essential to 
accurate and reproducible Doppler measurements. Exces-
sive Doppler gain results in noise appearing at all fre-
quencies and may result in overestimation of velocity. 
Conversely, insufficient gain may result in underestima-
tion of peak velocity (Fig. 1-44). A consistent approach 
to setting Doppler gain should be used. After placing the 
sample volume in the vessel, the Doppler gain should be 
increased to a level where noise is visible in the image, 
then gradually reduced to the point at which the noise 
first disappears completely.

FIGURE 1-42. Spectral broadening. The range of veloci-
ties detected at a given time in the pulse cycle is reflected in the 
Doppler spectrum as spectral broadening. A, Normal spectrum. 
Spectral broadening may arise from turbulent flow in association 
with vessel stenosis. B and C, Artifactual spectral broadening 
may be produced by improper positioning of the sample volume 
near the vessel wall, use of an excessively large sample volume  
(B), or excessive system gain (C).
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FIGURE 1-43. Aliasing. Pulse repetition frequency (PRF) determines the sampling rate of a given Doppler frequency. A, If PRF 
(arrows) is sufficient, the sampled waveform (orange curve) will accurately estimate the frequency being sampled (yellow curve). B, If PRF 
is less than half the frequency being measured, undersampling will result in a lower frequency shift being displayed (orange curve). C, In 
a clinical setting, aliasing appears in the spectral display as a “wraparound” of the higher frequencies to display below the baseline. D, In 
color Doppler display, aliasing results in a wraparound of the frequency color map from one flow direction to the opposite direction, 
passing through a transition of unsaturated color. The velocity throughout the vessel is constant, but aliasing appears only in portions of 
the vessel because of the effect of the Doppler angle on the Doppler frequency shift. As the angle increases, the Doppler frequency shift 
decreases, and aliasing is no longer seen.
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OPERATING MODES:  
CLINICAL IMPLICATIONS

Ultrasound devices may operate in several modes, includ-
ing real-time, color Doppler, spectral Doppler, and 
M-mode imaging. Imaging is produced in a scanned 
mode of operation. In scanned modes, pulses of ultra-
sound from the transducer are directed down lines of 
sight that are moved or steered in sequence to generate 
the image. This means that the number of ultrasound 
pulses arriving at a given point in the patient over a given 
interval is relatively small, and relatively little energy is 
deposited at any given location. In contrast, spectral 
Doppler imaging is an unscanned mode of operation in 
which multiple ultrasound pulses are sent in repetition 

along a line to collect the Doppler data. In this mode 
the beam is stationary, resulting in considerably greater 
potential for heating than in imaging modes. For 
imaging, PRFs are usually a few thousand hertz with very 
short pulses. Longer pulse durations are used with 
Doppler than with other imaging modes. In addition, to 
avoid aliasing and other artifacts with Doppler imaging, 
it is often necessary to use higher PRFs than with other 
imaging applications. Longer pulse duration and 
higher PRF result in higher duty factors for Doppler 
modes of operation and increase the amount of energy 
introduced in scanning. Color Doppler, although a 
scanned mode, produces exposure conditions between 
those of real-time and Doppler imaging because color 
Doppler devices tend to send more pulses down each 
scan line and may use longer pulse durations than 
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FIGURE 1-44. Doppler gain. Accurate estimation of 
velocity requires proper Doppler gain adjustment. Excessive gain 
will cause an overestimation of peak velocity (A), and insufficient 
gain will result in underestimation of velocity (C). To adjust gain 
properly, the sample volume and Doppler angle are first set at the 
sample site. The gain is turned up until noise appears in the 
background (A), then is gradually reduced just to the point where 
the background noise disappears from the image (B).

B

Excess gain
PSV = 75 cm/sec

Proper gain
PSV = 60 cm/sec

Insufficent gain
PSV = 50 cm/sec

A C

imaging devices. Clearly, every user needs to be aware 
that switching from an imaging to a Doppler mode 
changes the exposure conditions and the potential for 
biologic effects (bioeffects).

With current devices operating in imaging modes, 
concerns about bioeffects are minimal because intensities 
sufficient to produce measurable heating are seldom 
used. With Doppler ultrasound, the potential for 
thermal effects is greater. Preliminary measurements 
on commercially available instruments suggest that at 
least some of these instruments are capable of producing 
temperature rises of greater than 1° C at soft tissue/bone 
interfaces, if the focal zone of the transducer is held 
stationary. Care is therefore warranted when Doppler 
measurements are obtained at or near soft tissue/bone 
interfaces, as in the second and third trimester of preg-
nancy. These applications require thoughtful application 
of the principle of ALARA (as low as reasonably achiev-
able). Under ALARA the user should use the lowest 
possible acoustic exposure to obtain the necessary diag-
nostic information.

Bioeffects and User Concerns

Although users of ultrasound need to be aware of bioef-
fects concerns, another key factor to consider in the safe 
use of ultrasound is the user. The knowledge and skill 
of the user are major determinants of the risk-to-benefit 
implications of the use of ultrasound in a specific clinical 
situation. For example, an unrealistic emphasis on risks 
may discourage an appropriate use of ultrasound, result-
ing in harm to the patient by preventing the acquisition 
of useful information or by subjecting the patient to 

another, more hazardous examination. The skill and 
experience of the individual performing and interpreting 
the examination are likely to have a major impact on the 
overall benefit of the examination. In view of the rapid 
growth of ultrasound and its proliferation into the hands 
of minimally trained clinicians, many more patients are 
likely to be harmed by misdiagnosis resulting from 
improper indications, poor examination technique, and 
errors in interpretation than from bioeffects. Failure to 
diagnose a significant anomaly or misdiagnosis (e.g., of 
ectopic pregnancy) are real dangers, and poorly trained 
users may be the greatest current hazard of diagnostic 
ultrasound.

Understanding bioeffects is essential for the prudent 
use of diagnostic ultrasound and is important in ensuring 
that the excellent risk-to-benefit performance of diagnos-
tic ultrasound is preserved. All users of ultrasound should 
be prudent, understanding as fully as possible the poten-
tial risks and obvious benefits of ultrasound examina-
tions, as well as those of alternate diagnostic methods. 
With this information, operators can monitor exposure 
conditions and implement the principle of ALARA to 
keep patient and fetal exposure as low as possible while 
fulfilling diagnostic objectives.

THERAPEUTIC APPLICATIONS: 
HIGH-INTENSITY FOCUSED 
ULTRASOUND

Although the primary medical application of ultrasound 
has been for diagnosis, therapeutic applications are 
developing rapidly, particularly the use of high-intensity 
focused ultrasound (HIFU). HIFU is based on three 
important capabilities of ultrasound: (1) focusing the 
ultrasound beam to produce highly localized energy 
deposition, (2) controlling the location and size of the 
focal zone, and (3) using intensities sufficient to destroy 
tissue at the focal zone. This has led to an interest in 
HIFU as a means of destroying noninvasive tumor and 
controlling bleeding and cardiac conduction anomalies.

High-intensity focused ultrasound exploits thermal 
(heating of tissues) and mechanical (cavitation) bioeffect 
mechanisms. As ultrasound passes through tissue, atten-
uation occurs through scattering and absorption. Scat-
tering of ultrasound results in the return of some of the 
transmitted energy to the transducer, where it is detected 
and used to produce an image, or Doppler display. The 
remaining energy is transmitted to the molecules in the 
acoustic field and produces heating. At the spatial peak 
temporal average (SPTA), intensities of 50 to 500 mW/
cm2 used for imaging and Doppler, heating is minimal, 
and no observable bioeffects related to tissue heating in 
humans have yet been documented with clinical devices. 
With higher intensities, however, tissue heating suffi-
cient to destroy tissue may be achieved. Using HIFU at 
1 to 3 mHz, focal peak intensities of 5000 to 20,000 W/
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cm2 may be achieved. This energy can be delivered to a 
small point several millimeters in size, producing rapid 
temperature elevation and resulting in tissue coagula-
tion, with little damage to adjacent tissues (Fig. 1-45). 
The destruction of tissue is a function of the temperature 
reached and the duration of the temperature elevation. 
In general, elevation of tissue to a temperature of 60° C 
for 1 second is sufficient to produce coagulation necro-
sis. These conditions are readily achieved with HIFU.

Because of its ability to produce highly localized tissue 
destruction, HIFU has been investigated as a tool for 
noninvasive or minimally invasive treatment of bleeding 
sites, uterine fibroids, and tumors in the prostate, liver, 
and breast.10,11 As with diagnostic ultrasound, HIFU is 
limited by the presence of gas or bone interposed between 
the transducer and the target tissue. The reflection of 
high-energy ultrasound from strong interfaces produced 

by bowel gas, aerated lung, or bone may result in tissue 
heating along the reflected path of the sound, producing 
unintended tissue damage.

Major challenges with HIFU include image guidance 
and accurate monitoring of therapy as it is being deliv-
ered. Magnetic resonance imaging (MRI) provides a 
means of monitoring temperature elevation during treat-
ment, which is not possible with ultrasound. Guidance 
of therapy may be done with ultrasound or MRI, with 
ultrasound guidance having the advantage of verification 
of the acoustic window and sound path for the delivery 
of HIFU.
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FIGURE 1-45. High-intensity focused ultrasound 
(HIFU). Local tissue destruction by heating may be achieved 
using HIFU delivered with focal peak intensities of several thou-
sand W/cm2. Tissue destruction can be confined to a small area a 
few millimeters in size without injury to adjacent tissues. HIFU 
is a promising tool for minimally invasive treatment of bleeding 
sites, uterine fibroids, and tumors in the prostate, liver, and breast.
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Ultrasound has provided a wealth of knowledge in 
diagnostic medicine and has greatly impacted medical 
practice, particularly obstetrics. Millions of sonographic 
examinations are performed each year, and ultrasound 
remains one of the fastest-growing imaging modalities 
because of its low cost, real-time interactions, portability, 
and apparent lack of biologic effects (bioeffects). No 
casual relationship has been established between clinical 
applications of diagnostic ultrasound and bioeffects on 
the patient or operator.

REGULATION OF  
ULTRASOUND OUTPUT

At present, the U.S. Food and Drug Administration 
(FDA) regulates the maximum output of ultrasound 
devices to an established level. The marketing approval 
process requires devices to be equivalent in efficacy and 
output to those produced before 1976. This historic 
regulation of sonography has provided a safety margin 
for ultrasound while allowing clinically useful perfor-
mance. The mechanism has restricted ultrasound expo-
sure to levels that apparently produce few, if any, obvious 
bioeffects based on the epidemiologic evidence, although 
animal studies have shown some evidence for biologic 
effects.

In an effort to increase the efficacy of diagnostic ultra-
sound, the maximum acoustic output for some applica-
tions has increased through an additional FDA market 
approval process termed “510K Track 3.” The vast 
majority of ultrasound systems currently in use were 
approved through this process. The Track 3 process 
provides the potential for better imaging performance 
and, as discussed later, requires that additional informa-
tion be reported to the operator regarding the relative 
potential for bioeffects. Therefore, informed decision 
making is important concerning the possible adverse 
effects of ultrasound in relation to the desired diagnostic 
information. Current FDA regulations that limit the 
maximum output are still in place, but in the future, 
systems might allow sonographers and physicians the 
discretion to increase acoustic output beyond a level that 
might induce a biologic response.

Although the choices made during sonographic exam-
inations may not be equivalent to the risk-versus-benefit 
decisions associated with imaging modalities using ion-
izing radiation, the operator will be increasingly respon-
sible for determining the diagnostically required amount 
of ultrasound exposure. Thus the operator should know 
the potential bioeffects associated with ultrasound expo-
sure. Patients also need to be reassured about the safety 
of a diagnostic ultrasound scan. The scientific commu-
nity has identified some potential bioeffects from sono-

34
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graphy, and although no causal relation has been 
established, it does not mean that no effects exist. 
Therefore it is important to understand the interaction 
of ultrasound with biologic systems.

PHYSICAL EFFECTS OF SOUND

The physical effects of sound can be divided into two 
principal groups: thermal and nonthermal. Most 
medical professionals recognize the thermal effects of 
elevated temperature on tissue, and the effects caused by 
ultrasound are similar to those of any localized heat 
source. With ultrasound the heating mainly results from 
the absorption of the sound field as it propagates through 
tissue. However, “nonthermal” sources can generate heat 
as well.

Many nonthermal mechanisms for bioeffects exist. 
Acoustic fields can apply radiation forces (not ionizing 
radiation) on the structures within the body both at the 
macroscopic and the microscopic level, resulting in 
exerted pressure and torque. The temporal average pres-
sure in an acoustic field is different than the hydrostatic 
pressure of the fluid, and any object in the field is subject 
to this change in pressure. The effect is typically consid-
ered smaller than other effects because it relies on less 
significant factors in the formulation of the acoustic 
field. Acoustic fields can also cause motion of fluids. 
Such acoustically induced flow is called streaming.

Acoustic cavitation is the action of acoustic fields 
within a fluid to generate bubbles and cause volume 
pulsation or even collapse in response to the acoustic 
field. The result can be heat generation and associated 
free radical generation, microstreaming of fluid around 
the bubble, radiation forces generated by the scattered 
acoustic field from the bubble, and mechanical actions 
from bubble collapse. The interaction of acoustic fields 
with bubbles or “gas bodies” (as they are generally called) 
has been a significant area of bioeffects research in recent 
years.

THERMAL EFFECTS

Ultrasound Produces Heat

As ultrasound propagates through the body, energy is 
lost through attenuation. Attenuation causes loss of 
penetration and the inability to image deeper tissues. 
Attenuation is the result of two processes, scattering and 
absorption. Scattering of the ultrasound results from the 
redirection of the acoustic energy by tissue encountered 
during propagation. With diagnostic ultrasound, some 
of the acoustic energy transmitted into the tissue is scat-
tered back in the direction of the transducer, termed 
backscatter, which allows a signal to be detected and 
images made. Energy also is lost along the propagation 

path of the ultrasound by absorption. Absorption loss 
occurs substantially through the conversion of the ultra-
sound energy into heat. This heating provides a mecha-
nism for ultrasound-induced bioeffects.

Factors Controlling Tissue Heating

The rate of temperature increase in tissues exposed to 
ultrasound depends on a several factors, including spatial 
focusing, ultrasound frequency, exposure duration, and 
tissue type.

Spatial Focusing

Ultrasound systems use multiple techniques to concen-
trate or focus ultrasound energy and improve the quality 
of measured signals. The analogy for light is that of a 
magnifying glass. The glass collects all the light striking 
its surface and concentrates it into a small region. In 
sonography and acoustics in general, the term intensity 
is used to describe the spatial distribution of ultrasonic 
power (energy per unit time), where intensity = power/
area and the area refers to the cross-sectional area of the 
ultrasound beam. Another common beam dimension is 
the beam width at a specified location of the field. If the 
same ultrasonic power is concentrated into a smaller 
area, the intensity will increase.

Focusing in an ultrasound system can be used to 
improve the spatial resolution of the images. The side 
effect is an increased potential for bioeffects caused by 
heating and cavitation. In general, the greatest heating 
potential is between the scanhead and the focus, but  
the exact position depends on the focal distance, tissue 
properties, and heat generated within the scanhead  
itself.

Returning to the magnifying glass analogy, most chil-
dren learn that the secret to incineration is a steady hand. 
Movement distributes the power of the light beam over 
a larger area, thereby reducing its intensity. The same is 
true in ultrasound imaging. Thus, imaging systems that 
scan a beam through tissue reduce the spatial average 
intensity. Spectral Doppler and M-mode ultrasound 
imaging maintain the ultrasound beam in a stationary 
position (both considered unscanned modes) and there-
fore provide no opportunity to distribute the ultrasonic 
power spatially, whereas color flow Doppler, power 
mode Doppler, and B-mode (often called gray-scale) 
ultrasound imaging require that the beam be moved to 
new locations (scanned modes) at a rate sufficient to 
produce the real-time nature of these imaging modes.

Temporal Considerations

The ultrasound power is the temporal rate at which 
ultrasound energy is produced. Therefore, controlling 
how ultrasound is produced in time seems a reasonable 
method for limiting its effects.
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Ultrasound can be produced in bursts rather than 
continuously. Ultrasound imaging systems operate on 
the principle of pulse-echo, in which a burst of ultra-
sound is emitted, followed by a quiescent period listen-
ing for echoes to return. This pulsed wave ultrasound 
is swept through the image plane numerous times during 
an imaging sequence. On the other hand, ultrasound 
may be transmitted in a continuous wave (CW) mode, 
in which the ultrasound transmission is not interrupted. 
The temporal peak intensity refers to the largest inten-
sity at any time during ultrasound exposure (Fig. 2-1). 
The pulse average intensity is the average value over 
the ultrasound pulse. The temporal average is the 
average over the entire pulse repetition period (elapsed 
time between onset of ultrasound bursts). The duty 
factor is defined as the fraction of time the ultrasound 
field is “on.” With significant time “off ” between pulses 
(small duty factor), the temporal average value will be 
significantly smaller. For example, a duty factor of 10% 
will reduce the temporal average intensity by a factor of 
10 compared to the pulse average. The time-averaged 
quantities are the variables most related to the potential 
for thermal bioeffects. Combining temporal and spatial 
information results in common terms such as the spatial 
peak, temporal average intensity (ISPTA) and spatial 
average, temporal average intensity (ISATA).

The overall duration, or dwell time, of the ultrasound 
exposure to a particular tissue is important because 
longer exposure of the tissue may increase the risk of 
bioeffects. The motion of the scanhead during an exami-
nation reduces the dwell time within a particular region 
of the body and can minimize the potential for bioeffects 

of ultrasound. Therefore, performing an efficient scan, 
spending only the time required for diagnosis, is a simple 
way to reduce exposure.

Tissue Type

Numerous physical and biologic parameters control 
heating of tissues. Absorption is normally the dominant 
contributor to attenuation in soft tissue. The attenua-
tion coefficient is the attenuation per unit length of 
sound travel and is usually given in decibels per centi-
meters-megahertz (dB/cm-MHz). The attenuation typi-
cally increases with increasing ultrasound frequency. The 
attenuation ranges from a negligible amount for fluids 
(e.g., amniotic fluid, blood, urine) to the highest value 
for bone, with some variation among different soft tissue 
types (Fig. 2-2).

Another important factor is the body’s ability to cool 
tissue through blood perfusion. Well-perfused tissue will 
more effectively regulate its temperature by carrying 
away the excess heat produced by ultrasound. The excep-
tion is when heat is deposited too rapidly, as in thera-
peutic thermal ablation.1

Bone and soft tissue are two specific areas of interest 
based on the differences in heating phenomena. Bone 
has high attenuation of incident acoustic energy. In 
examinations during pregnancy, calcified bone is typi-
cally subjected to ultrasound, as in measurement of the 
biparietal diameter (BPD) of the skull. Fetal bone con-
tains increasing degrees of mineralization as gestation 
progresses, thereby increasing risk of localized heating. 
Special heating situations relevant to obstetric ultra-
sound examinations may also occur in soft tissue, where 

FIGURE 2-1. Pressure and intensity parameters 
measured in medical ultrasound. The variables are 
defined as follows: p+, peak positive pressure in waveform; p−, 
peak negative pressure in waveform; TP, temporal peak; PA, pulse 
average; and TA, temporal average.
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FIGURE 2-2. Tissue attenuation. Values for types of 
human tissue at body temperature. (Data from Duck FA, Starritt 
HC, Anderson SP. A survey of the acoustic output of ultrasonic 
Doppler equipment. Clin Phys Physiol Meas 1987;8:39-49.)
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overlying structures provide little attenuation of the 
field, such as the fluid-filled amniotic sac.

Bone Heating

The absorption of ultrasound at bone allows for rapid 
deposition of energy from the field into a limited volume 
of tissue. The result can be a significant temperature rise. 
For example, Carstensen et al.2 combined an analytic 
approach and experimental measurements of the tem-
perature rise in mouse skull exposed to CW ultrasound 
to estimate the temperature increments in bone expo-
sures. Because bone has a large absorption coefficient, 
the incident ultrasonic energy is assumed to be absorbed 
in a thin planar sheet at the bone surface. The tempera-
ture rise of mouse skull has been studied in a 3.6-MHz 
focused beam with a beam width of 2.75 mm (Fig. 2-3). 
The temporal average intensity in the focal region was 
1.5 W/cm2. One of two models (upper curve in Fig. 2-3) 
in common use3 predicts values for the temperature rise 
about 20% greater than that actually measured in this 
experiment.1 Thus the theoretical model is conservative 
in nature.

Similarly for the fetal femur, Drewniak et al.4 indi-
cated that the size and calcification state of the bone 
contributed to the ex vivo heating of bone (Table 2-1). 
To put this in perspective and to illustrate the operator’s 
role in controlling potential heating, consider the follow-
ing scenario. By reducing the output power of an ultra-
sound scanner by 10 dB, the predicted temperature rise 

would be reduced by a factor of 10, making the increase 
of 3° C seen by these researchers (Table 2-1) virtually 
nonexistent. This strongly suggests the use of 
maximum gain and reduction in output power during 
ultrasound examinations (see later section on control-
ling ultrasound output). In fetal examinations an attempt 
should be made to maximize amplifier gain because this 
comes at no cost to the patient in terms of exposure. 
Distinctions are often made between bone positioned 
deep to the skin at the focal plane of the transducer and 
bone near the skin surface, as when considering transcra-
nial applications. This distinction is discussed later with 
regard to the thermal index.

Soft Tissue Heating

Two clinical situations for ultrasound exposure in soft 
tissue are particularly relevant to obstetric/gynecologic 
applications. First, a common scenario involves scan-
ning through a full bladder. The urine is a fluid with 
a relatively low ultrasound attenuation coefficient. The 
reduced attenuation allows larger acoustic amplitudes to 
be applied deeper within the body. Second, the propa-
gating wave may experience finite amplitude distor-
tion, resulting in energy being shifted by a nonlinear 
process from lower to higher frequencies. The result is a 
shockwave where a gradual wave steepening results in 
a waveform composed of higher-frequency components 
(Fig. 2-4). Attenuation increases with increasing fre-
quency; therefore the absorption of a large portion of the 
energy in such a wave occurs over a much shorter dis-
tance, concentrating the energy deposition in the first 
tissue encountered, which may include the fetus.

Ultrasound imaging systems now include specific 
modalities that rely on nonlinear effects. In tissue har-
monic imaging, or native harmonic imaging, the image 
is created using the backscatter of harmonic components 
induced by nonlinear propagation of the ultrasound 
field. This has distinct advantages in terms of reducing 
image artifacts and improving lateral resolution in par-
ticular. In these nonlinear imaging modes the acoustic 

FIGURE 2-3. Heating of mouse skull in a focused 
sound field. For these experiments, frequency was 3.6 MHz, 
and temporal average focal intensity was 1.5 W/cm2. Solid circles: 
Young (<17 wks) mice (N = 7); open squares: old (>6 mo) mice 
(N = 4); vertical bars: two standard errors in height; top curves: 
theoretical estimation of the temperature increases by Nyborg.3 
(From Carstensen EL, Child SZ, Norton S, et al. Ultrasonic heating 
of the skull. J Acoust Soc Am 1990;87:1310-1317.)
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TABLE 2-1. FETAL FEMUR 
TEMPERATURE INCREMENTS* 

AT 1 W/cm2

Gestational 
Age (days)

Diameter 
(mm)

Temperature 
Increments (° C)

59 0.5 0.10
78 1.2 0.69

108 3.3 2.92

*Temperature increments in human fetal femur exposed for 20 seconds were 
found to be approximately proportional to incident intensity.

From Drewniak JL, Carnes KI, Dunn F. In vitro ultrasonic heating of fetal bone. 
J Acoust Soc Am 1989;86:1254-1258.
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output must be sufficiently high to produce the effect. 
The acoustic power currently used is still within the FDA 
limits, but improvements in image quality using such 
modes may create the need to modify or relax the regula-
tory restrictions.

Transvaginal ultrasound is important to note because 
of the proximity of the transducer to sensitive tissues 
such as the ovaries. As discussed later, temperature 
increases near the transducer may provide a heat source 
at sites other than the focus of the transducer. In addi-
tion, the transducer face itself may be a significant heat 
source because of inefficiencies in its conversion of elec-
tric to acoustic energy. Therefore, such factors must be 
considered in the estimation of potential thermal effects 
in transvaginal ultrasound and other endocavitary 
applications.

Hyperthermia and  
Ultrasound Safety

Knowledge of the bioeffects for ultrasound heating is 
based on the experience available from other, more 
common forms of hyperthermia, which serve as a basis 
for safety criteria. Extensive data exist on the effects of 
short-term and extended temperature increases, or 
hyperthermia. Teratogenic effects from hyperthermia 
have been demonstrated in birds, all the common labora-
tory animals, farm animals, and nonhuman primates.5 
The wide range of observed bioeffects, from subcellular 
chemical alterations to gross congenital abnormalities 
and fetal death, is an indication of the effectiveness or 
universality of hyperthermic conditions for perturbing 
living systems.6

The National Council on Radiation Protection and 
Measurements (NCRP) Scientific Committee on 
Biological Effects of Ultrasound compiled a comprehen-
sive list of the lowest reported thermal exposures produc-
ing teratogenic effects.7,8 Examination of these data 
indicated a lower boundary for observed thermally 

induced bioeffects. Questions remain, however, about 
the relevance of this analysis of hyperthermia to the 
application of diagnostic ultrasound.9 More recently, 
after a careful literature review, O’Brien et al.10 suggested 
a more detailed consideration of thermal effects with 
regard to short-duration exposures. Figure 2-5 shows the 
recommended approach to addressing the combination 
of temperature and duration of exposure. Note that the 
tolerance of shorter durations and higher temperatures 
suggests a substantial safety margin for diagnostic ultra-
sound. Regardless, it is beneficial to provide feedback to 
the ultrasound operator as to the relative potential for a 
temperature rise in a given acoustic field under condi-
tions associated with a particular examination. This will 
allow an informed decision as to the exposure needed to 
obtain diagnostically relevant information.

Thermal Index

Based on analysis of hyperthermia data, NCRP proposed 
a general statement concerning the safety of ultrasound 
examinations in which no temperature rise greater than 
1° C is expected. In an afebrile patient within this limit, 
NCRP concluded that there was no basis for expecting 
an adverse effect. In cases where the temperature rise 
might be greater, the operator should weigh the benefit 
against the potential risk. To assist in this decision, given 
the range of different imaging conditions seen in prac-
tice, a thermal index (TI) was approved as part of the 
Standard for Real-Time Display of Thermal and 
Mechanical Acoustical Output Indices on Diagnostic 
Ultrasound Equipment of the American Institute of 
Ultrasound in Medicine (AIUM).11 This standard 

FIGURE 2-4. Effect of finite amplitude distortion 
on a propagating ultrasound pulse. Note the increas-
ing steepness in the pulse, which contains higher-frequency 
components.
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FIGURE 2-5. Conservative boundary curve for non-
fetal bioeffects caused by a thermal mechanism. 
Note the increase in temperature tolerance associated with shorter 
durations of exposures, a modification to the earlier AIUM 
Conclusions Regarding Heat statement (March 26, 1997). AIUM 
approved a revised thermal statement on April 6, 2009. For a 
complete description of the origins of this curve, see O’Brien 
et al.10 (From O’Brien WD Jr, Deng CX, Harris GR, et al. The risk 
of exposure to diagnostic ultrasound in postnatal subjects: thermal 
effects. J Ultrasound Med 2008;27:517-535.)
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The NCRP ultrasound committee introduced the TI 
concept.7 The purpose of the TI is to provide an indica-
tion of the relative potential for increasing tissue tem-
perature, but it is not meant to provide the actual 
temperature rise. The NCRP recommended two tissue 
models to aid in the calculation of the ultrasound power 
that could raise the temperature in tissue by 1° C: (1) a 
homogeneous model in which the attenuation coeffi-
cient is uniform throughout the region of interest, and 
(2) a fixed-attenuation model in which the minimum 
attenuation along the path from transducer to a distant 
anatomic structure is independent of the distance because 
of a low-attenuation fluid path (e.g., amniotic fluid).7,12,13 
Because of concern for the patient, it was recommended 
that “reasonable worst case” assumptions be made with 
respect to estimation of temperature elevations in vivo. 
The FDA, AIUM, and National Electrical Manufacturers 
Association (NEMA) adopted the TI as part of the 
output display standard. They advocate estimating the 
effect of attenuation in the body by reducing the acoustic 
power/output of the scanner (W0) by a derating factor 
equal to 0.3 dB/cm-MHz for the soft tissue model.11

The AIUM Thermal Index Working Group consid-
ered three tissue models: (1) the homogeneous tissue or 
soft tissue model, (2) a tissue model with bone at the 
focus, and (3) a tissue model with bone at the surface, 
or transcranial model.11 The TI takes on three different 
forms for these tissue models.

Homogeneous Tissue Model  
(Soft Tissue)

The assumption of homogeneity helps simplify the 
determination of the effects of acoustic propagation and 

attenuation, as well as the heat transfer characteristics of 
the tissue. Providing one of the most common applica-
tions for ultrasound imaging, this model applies to situ-
ations where bone is not present and can generally be 
used for fetal examinations during the first trimester (low 
calcification in bone). In the estimation of potential 
heating, many assumptions and compromises had to be 
made to calculate a single quantity that would guide the 
operator. Calculations of the temperature rise along the 
axis of a focused beam for a simple, spherically curved, 
single-element transducer result in two thermal peaks. 
The first is in the near field (between the transducer and 
the focus), and the second appears close to the focal 
region.14,15 The first thermal peak occurs in a region 
with low ultrasound intensity and wide beam width. 
When the beam width is large, cooling will occur mainly 
because of perfusion. In the near field the magnitude of 
the local intensity is the chief determinant of the degree 
of heating. The second thermal peak occurs at the loca-
tion of high intensity and narrow beam width at or near 
the focal plane. Here the cooling is dominated by con-
duction, and the total acoustic power is the chief deter-
minant of the degree of heating.

Given the thermal “twin peaks” dilemma, the AIUM 
Thermal Index Working Group compromised in creating 
a TI that included contributions from both heating 
domains.11 Their rationale was based on the need to 
minimize the acoustic measurement load for manufactur-
ers of ultrasound systems. In addition, adjustments had 
to be made to compensate for effects of the large range of 
potential apertures. The result is a complicated series of 
calculations and measurements that must be performed, 
and to the credit of the many manufacturers, there has 
been considerable effort in implementing a display stan-
dard to provide user feedback. Different approaches to 
these calculations are being considered,10 but changes will 
require that the currently accepted implementation be 
reexamined and approved for use by the FDA and con-
sidered by the International Electrotechnical Commission 
(IEC), a standards organization.

Tissue Model with Bone at the Focus 
(Fetal Applications)

Applications of ultrasound in which the acoustic beam 
travels through soft tissue for a fixed distance and 
impinges on bone occur most often in obstetric scanning 
during the second and third trimesters. Carson et al.13 
recorded sonographic measurements of the maternal 
abdominal wall thickness in various stages of pregnancy. 
Based on their results, the NCRP recommended that the 
attenuation coefficients for the first, second, and third 
trimesters be 1.0, 0.75, and 0.5 dB/MHz, respectively.7 
These values represent “worst case” estimates. In addi-
tion, Siddiqi et al.16 determined the average tissue atten-
uation coefficient for transabdominal insonification 
(exposure to ultrasound waves) in a patient population 

THE THERMAL INDEX

To more easily inform the physician of the 
operating conditions that could, in some cases, 
lead to a temperature elevation of 1°C, a thermal 
index is defined as

TI
W

W
= 0

deg

where Wdeg is the ultrasonic source power (in watts) 
calculated as capable of producing a 1°C 
temperature elevation under specific conditions. W0 
is the ultrasonic source power (in watts) being used 
during the current exam.

Reproduced with permission of American Institute of 
Ultrasound in Medicine (AIUM).

provides the operator with an indication of the relative 
potential risk of heating tissue, with calculations based 
on the imaging conditions and an on-screen display 
showing the TI.
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of nonpregnant, healthy volunteers was 2.98 dB/MHz. 
This value represents an average measured value and is 
much different than the worst-case estimates previously 
listed. This leads to considerable debate on how such 
parameters should be included in an index.

In addition, bone is a complex, hard connective tissue 
with a calcified collagenous intercellular substance. Its 
absorption coefficient for longitudinal waves is a factor 
of 10 greater than that for most soft tissues (see Fig. 2-2). 
Shear waves are also created in bone as sound waves 
strike bone at oblique incidence. The absorption coef-
ficients for shear waves are even greater than those for 
longitudinal waves.17-19

Based on the data of Carstensen et al.2 described 
earlier, the NCRP proposed a thermal model for bone 
heating. Using this model, the thermal index for bone 
(TIB) is estimated for conditions in which the focus of 
the beam is at or near bone. Again, assumptions and 
compromises had to be made to develop a functional TI 
for the case of bone exposure, as follows:
• For unscanned mode transducers (operating in a 

fixed position) with bone in the focal region, the 
location of the maximum temperature increase is at 
the surface of the bone. Therefore the TIB is 
calculated at an axial distance where it is maximized, 
a worst-case assumption.

• For scanned modes, the thermal index for soft 
tissue (TIS) is used because the temperature increase 
at the surface is either greater than or approximately 
equal to the temperature increase with bone in the 
focus.

Tissue Model with Bone at the Surface 
(Transcranial Applications)

For adult cranial applications, the same model as that 
with bone at the focus is used to estimate the tempera-
ture distribution in situ. However, because the bone is 
located at the surface, immediately after the acoustic 
beam enters the body, attenuation of the acoustic power 
output is not included.11 In this situation the equivalent 
beam diameter at the surface is used to calculate the 
acoustic power.

Estimate of Thermal Effects

Ultrasound users should keep in mind several points 
when referring to the thermal index as a means of esti-
mating the potential for thermal effects. First, the TI is 
not synonymous with temperature rise. A TI equal to 1 
does not mean the temperature will rise 1° C. An 
increased potential for thermal effects can be expected as 
TI increases. Second, a high TI does not mean that 
bioeffects are occurring, but only that the potential 
exists. Factors that may reduce the actual temperature 
rise may not be considered by the thermal models 
employed for TI calculation. However, TI should be 

monitored during examinations and minimized when 
possible. Finally, there is no consideration in the TI for 
the duration of the scan, so minimizing the overall exam-
ination time will reduce the potential for effects.

Summary Statement on  
Thermal Effects

The AIUM statement concerning thermal effects of 
ultrasound includes several conclusions that can be sum-
marized as follows20:
• Adult examinations resulting in a temperature rise of 

up to 2° C are not expected to cause bioeffects. 
(Many ultrasound examinations fall within these 
parameters.)

• A significant number of factors control heat 
production by diagnostic ultrasound.

• Ossified bone is a particularly important concern for 
ultrasound exposure.

• A labeling standard now provides information 
concerning potential heating in soft tissue and bone.

• Even though an FDA limit exists for fetal exposures, 
predicted temperature rises can exceed 2° C.

• Thermal indices are expected to track temperature 
increases better than any single ultrasonic field 
parameter.

EFFECTS OF  
ACOUSTIC CAVITATION

Potential Sources for Bioeffects

Knowledge concerning the interaction of ultrasound 
with gas bodies (which many term “cavitation”) has 
significantly increased recently, although it is not as 
extensive as that for ultrasound thermal effects and other 
sources of hyperthermia. Acoustic cavitation inception 
is demarcated by a specific threshold value: the minimum 
acoustic pressure necessary to initiate the growth of a 
cavity in a fluid during the rarefaction phase of the cycle. 
Several parameters affect this threshold, including initial 
bubble or cavitation nucleus size, acoustic pulse char-
acteristics (e.g., center frequency, pulse repetition fre-
quency, pulse duration), ambient hydrostatic pressure, 
and host fluid parameters (e.g., density, viscosity, com-
pressibility, heat conductivity, surface tension). Inertial 
cavitation refers to bubbles that undergo large variations 
from their equilibrium sizes in a few acoustic cycles. 
Specifically during contraction, the surrounding fluid 
inertia controls the bubble motion.21 Large acoustic pres-
sures are necessary to generate inertial cavitation, and the 
collapse of these cavities is often violent.

The effect of preexisting cavitation nuclei may be 
one of the principal controlling factors in mechanical 
effects that result in biologic effects. The body is such an 
excellent filter that these nucleation sites may be found 



AIUM STATEMENT ON HEAT—THERMAL BIOEFFECTS

Reprinted with permission of AIUM.

Approved April 6, 2009

1. Excessive temperature increase can result in toxic 
effects in mammalian systems. The biological 
effects observed depend on many factors, such as 
the exposure duration, the type of tissue exposed, 
its cellular proliferation rate, and its potential for 
regeneration. Age and stage of development are 
important factors when considering fetal and 
neonatal safety. Temperature increases of several 
degrees Celsius above the normal core range can 
occur naturally. The probability of an adverse 
biological effect increases with the duration of the 
temperature rise.

2. In general, adult tissues are more tolerant of 
temperature increases than fetal and neonatal 
tissues. Therefore, higher temperatures and/or 
longer exposure durations would be required for 
thermal damage. The considerable data available 
on the thermal sensitivity of adult tissues support 
the following inferences:
For exposure durations up to 50 hours, there have 

been no significant, adverse biological effects 
observed due to temperature increases less than 
or equal to 2°C above normal.

For temperature increases between 2°C and 6°C 
above normal, there have been no significant, 
adverse biological effects observed due to 
temperature increases less than or equal to  
6 − log10(t/60)/0.6 where t is the exposure 
duration in seconds. For example, for 
temperature increases of 4°C and 6°C, the 
corresponding limits for the exposure durations  
t are 16 min and 1 min, respectively.

For temperature increases greater than 6°C  
above normal, there have been no significant, 
adverse biological effects observed due to 
temperature increases less than or equal to  
6 − log10(t/60)/0.3 where t is the exposure 
duration in seconds. For example, for 
temperature increases of 9.6°C and 6.0°C, the 
corresponding limits for the exposure durations  
t are 5 and 60 seconds, respectively.

For exposure durations less than 5 seconds, there 
have been no significant, adverse biological 
effects observed due to temperature increases 
less than or equal to 9 − log10(t/60)/0.3 where 
t is the exposure duration in seconds. For 
example, for temperature increases of 18.3°C, 
14.9°C, and 12.6°C, the corresponding limits  
for the exposure durations t are 0.1, 1, and 5 
seconds, respectively.

3. Acoustic output from diagnostic ultrasound devices 
is sufficient to cause temperature elevations in fetal 
tissue. Although fewer data are available for fetal 
tissues, the following conclusions are justified:
In general, temperature elevations become 

progressively greater from B-mode to color 
Doppler to spectral Doppler applications.

For identical exposure conditions, the potential for 
thermal bioeffects increases with the dwell time 
during examination.

For identical exposure conditions, the temperature 
rise near bone is significantly greater than in  
soft tissues, and it increases with ossification 

development throughout gestation. For this 
reason, conditions where an acoustic beam 
impinges on ossifying fetal bone deserve special 
attention due to its close proximity to other 
developing tissues.

The current FDA regulatory limit for ISPTA.3 is 
720 mW/cm2. For this, and lesser intensities, 
the theoretical estimate of the maximum 
temperature increase in the conceptus can 
exceed 2°C.

Although, in general, an adverse fetal outcome  
is possible at any time during gestation, most 
severe and detectable effects of thermal 
exposure in animals have been observed during 
the period of organogenesis. For this reason, 
exposures during the first trimester should be 
restricted to the lowest outputs consistent with 
obtaining the necessary diagnostic information.

Ultrasound exposures that elevate fetal 
temperature by 4°C above normal for 5 minutes 
or more have the potential to induce severe 
developmental defects. Thermally induced 
congenital anomalies have been observed in  
a large variety of animal species. In current 
clinical practice, using commercially available 
equipment, it is unlikely that such thermal 
exposure would occur at a specific fetal 
anatomic site.

Transducer self-heating is a significant component 
of the temperature rise of tissues close to the 
transducer. This may be of significance in 
transvaginal scanning, but no data for the fetal 
temperature rise are available.

4. The temperature increase during exposure of 
tissues to diagnostic ultrasound fields is dependent 
upon (a) output characteristics of the acoustic 
source such as frequency, source dimensions, scan 
rate, power, pulse repetition frequency, pulse 
duration, transducer self-heating, exposure time, 
and wave shape and (b) tissue properties such as 
attenuation, absorption, speed of sound, acoustic 
impedance, perfusion, thermal conductivity, 
thermal diffusivity, anatomical structure, and 
nonlinearity parameter.

5. Calculations of the maximum temperature increase 
resulting from ultrasound exposure in vivo are not 
exact because of the uncertainties and 
approximations associated with the thermal, 
acoustic, and structural characteristics of the 
tissues involved. However, experimental evidence 
shows that calculations are generally capable of 
predicting measured values within a factor of two. 
Thus, such calculations are used to obtain safety 
guidelines for clinical exposures where direct 
temperature measurements are not feasible.  
These guidelines, called thermal indices,* provide a 
real-time display of the relative probability that a 
diagnostic system could induce thermal injury in 
the exposed subject. Under most clinically relevant 
conditions, the soft tissue thermal index, TIS, and 
the bone thermal index, TIB, either overestimate 
or closely approximate the best available estimate 
of the maximum temperature increase (ΔTmax). For 
example, if TIS = 2, then ΔTmax ≤ 2°C.

*Thermal indices are the nondimensional ratios of the estimated temperature increases to 1°C for specific tissue models. See 
American Institute of Ultrasound in Medicine. Standard for real-time display of thermal and mechanical acoustic output indices 
on diagnostic ultrasound equipment, Revision 2, Rockville, Md, 2001, AIUM and National Electrical Manufacturers Association.



42  PART I ■ Physics

only in small numbers and at selected sites. For example, 
if water is filtered down to 2 µm, the cavitation thresh-
old doubles.22 Theoretically, the tensile strength of water 
that is devoid of cavitation nuclei is about 100 megapas-
cals (MPa).23 Various models have been suggested to 
explain bubble formation in animals,24,25 and these 
models have been used extensively in cavitation thresh-
old determination. One model is used in the prediction 
of SCUBA diving tables and may also have applicability 
to patients.26 It remains to be seen how well such models 
will predict the nucleation of bubbles from diagnostic 
ultrasound in the body.

Figure 2-6 shows a 1-MHz therapeutic ultrasound 
unit generating bubbles in gas-saturated water. The par-
ticular medium and ultrasound parameters were chosen 
to optimize the conditions for cavitation. Using continu-
ous wave ultrasound and many preexisting gas pockets 
in the water set the stage for the production of cavitation. 
Even though these acoustic pulses are longer than those 
typically used in diagnostic ultrasound, cavitation effects 
have also been observed with diagnostic pulses in fluids.27 
Ultrasound contrast agents composed of stabilized gas 
bubbles should provide a source of cavitation nuclei,  
as discussed later.

Sonochemistry

Free radical generation and detection provide a means to 
observe cavitation and to gauge its strength and potential 
for damage. The sonochemistry of free radicals is the 
result of very high temperatures and pressures within the 
rapidly collapsing bubble. These conditions can even 
generate light, or sonoluminescence.28 With the addi-
tion of the correct compounds, chemical luminescence 
can also be used for free radical detection and can be 
generated with short pulses similar to that used in diag-
nostic ultrasound.29 Figure 2-7 shows chemilumines-
cence generated by a therapeutic ultrasound device; the 

setup is backlighted (in red) to show the bubbles and 
experimental apparatus. The chemiluminescence emis-
sions are the blue bands seen through the middle of the 
liquid sample holder. The light emitted is sufficient to 
be seen by simply adapting one’s eyes to darkness. 
Electron spin resonance can also be used with molecules 
that trap free radicals to detect cavitation activity capable 
of free radical production.30 A number of other chemical 
detection schemes are presently employed to detect cavi-
tation from diagnostic devices in vitro.

Evidence of Cavitation  
from Lithotripters

It is possible to generate bubbles in vivo using short 
pulses with high amplitudes of an extracorporeal shock-
wave lithotripter (ESWL). The peak positive pressure for 
lithotripsy pulses can be as high as 50 MPa, with the 
negative pressure about 20 MPa. Finite amplitude dis-
tortion causes high frequencies to appear in high-
amplitude ultrasound fields. Although ESWL pulses 
have significant energy at high frequencies because of 
finite amplitude distortion, a large portion of the energy 
is actually in the 100-kHz range, much lower than fre-
quencies in diagnostic scanners. The lower frequency 
makes cavitation more likely. Aymé and Carstensen31 
showed that the higher-frequency components in non-
linearly distorted pulses contribute little to the killing of 
Drosophila larvae.

Interestingly, increasing evidence indicates that col-
lapsing bubbles play a role in stone disruption.32-34 A 
bubble collapsing near a surface may form a liquid jet 
through its center, which strikes the surface (Fig. 2-8). 
Placing a sheet of aluminum foil at the focus of a litho-
tripter generates small pinholes.32 The impact is even 
sufficient to pit solid brass and aluminum plates.

FIGURE 2-6. Acoustic cavitation bubbles. This cavita-
tion activity is being generated in water using a common thera-
peutic ultrasound device. (Courtesy National Center for Physical 
Acoustics, University of Mississippi.) FIGURE 2-7. Chemical reaction induced by cavita-

tion producing visible light. The reaction is the result of 
free radical production. (Courtesy National Center for Physical 
Acoustics, University of Mississippi.)
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Clearly, lithotripsy and diagnostic ultrasound differ in 
the acoustic power generated and are not comparable in 
the bioeffects produced. However, some diagnostic 
devices produce peak rarefactional pressures greater than 
3 MPa, which is in the lower range of lithotripter 
outputs.35-37 Lung damage and surface petechiae have 
been noted as side effects of ESWL in clinical cases.38 
Inertial cavitation was suspected as the cause, prompting 
several researchers to study the effects of diagnostic ultra-
sound exposure on the lung parenchyma.39,40

Bioeffects in Lung and Intestine

Lung tissue and intestinal tissue are key locations for 
examining for bioeffects of diagnostic ultrasound.39 The 
presence of air in the alveolar spaces constitutes a signifi-
cant source of gas bodies. Child et al.40 measured thresh-
old pressures for hemorrhage in mouse lung exposed to 
1- to 4-MHz short-pulse diagnostic ultrasound (i.e., 10- 
and 1-µm pulse durations). The threshold of damage in 
murine lung at these frequencies was 1.4 MPa. Pathologic 
features of this damage included extravasation of blood 
cells into the alveolar spaces.41 The authors hypothesized 
that cavitation, originating from gas-filled alveoli, was 
responsible for the damage. Their data provided the first 
direct evidence that clinically relevant, pulsed ultrasound 
exposures produce deleterious effects in mammalian 
tissue in the absence of significant heating. Hemorrhagic 
foci induced by 4-MHz pulsed Doppler ultrasound have 
also been reported in the monkey.42 Damage in the 
monkey lung was of a significantly lesser degree than that 
in the mouse. In these studies it was impossible to show 
categorically that bubbles induced these effects because 
the cavitation-induced bubbles were not observed. 
Thresholds for petechial hemorrhage in the lung caused 
by ultrasound have been measured in mouse, rat, rabbit 
and pig.43-45 Direct mechanical stresses associated with 

propagation of ultrasound in the lung were believed to 
contribute to the damage observed.39,46 Thresholds for 
hemorrhage in the murine intestine exposed to pulsed 
ultrasound have also been determined.47

Kramer et al.48 assessed cardiopulmonary function in 
rats exposed to pulsed ultrasound well above the acoustic 
output threshold of damage, at a mechanical index (MI) 
of 9.7 (see later discussion). Measurements of cardiopul-
monary function included arterial blood pressure, heart 
rate, respiratory rate, and arterial blood gases (Pco2 and 
Po2). If only one side of the rat lung was exposed, the 
cardiopulmonary measurements did not change signifi-
cantly between baseline and postexposure values because 
of the functional respiratory reserve in the unexposed 
lobes. However, when both sides of the lung had signifi-
cant ultrasound-induced lesions, the rats were unable to 
maintain systemic arterial pressure or resting levels of 
arterial Po2.

Further studies are required to determine the rele-
vance of these findings to humans. In general, tissues 
containing air (or stabilized gas) are more susceptible to 
damage than those tissues without gas. Also, no con-
firmed reports of petechial hemorrhage have been noted 
in animal studies below an MI of 0.4.

Ultrasound Contrast Agents

The apparent absence of cavitation in many locations in 
the body can result from the lack of available cavitation 
nuclei. Based on evidence in the lung and intestine in 
mammalian models described earlier, the presence of gas 
bodies clearly reduces the requisite acoustic field for pro-
ducing bioeffects. Many ultrasound contrast agents are 
composed of stabilized gas bubbles, so they could provide 
readily available nuclei for potential cavitation activity. 
This makes the investigation of bioeffects in the presence 
of ultrasound contrast agents an important area of 
research.49-51 Studies have also shown that ultrasound 
exposure in the presence of contrast agents produces 
small vascular petechiae and endothelial damage in 
mammalian systems.52-57 Acoustic emissions from acti-
vated microbubbles correlate with the degree of vascular 
damage.54,55

As a result, the AIUM has updated a safety statement 
on the bioeffects of diagnostic ultrasound with gas body 
contrast agents. This bioeffect may occur, but the issue 
remains whether it constitutes a significant physiologic 
risk. The safety statement is designed to make sonogra-
phers and physicians aware of the potential for bioeffects 
in the presence of gas contrast agents and allow them to 
make an informed decision based on a risk/benefit 
assessment.

Some research also indicates the production of prema-
ture ventricular contractions (PVCs) during cardiac 
scanning in the presence of ultrasound contrast agents. 
At least one human study indicated an increase in PVCs 
only when ultrasound imaging was performed with a 

FIGURE 2-8. Collapsing bubble near a boundary. 
When cavitation is produced near boundaries, a liquid jet may 
form through the center of a bubble and strike the boundary 
surface. (Courtesy Lawrence A. Crum.)
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contrast agent, and not with ultrasound imaging alone 
or during injection of the agent without imaging.58 
Another study59 revealed that oscillating microbubbles 
affect stretch activation channels60,61 in cardiac cells, 
which generates membrane depolarization and triggers 
action potentials and thus PVCs. The importance of this 
bioeffect is also being debated because there is a naturally 
occurring rate of PVCs, and a small increase may not be 
considered significant, particularly if the patient benefits 
from using the agent. Additional consideration might be 
given to patients with specific conditions in whom addi-
tional PVCs should be avoided.

The consequences of the ultrasound contrast agent 
bioeffects reported thus far require more study. Although 
the potential exists for a bioeffect, its scale and influence 
on human physiology remain unclear. Contrast agents 
have demonstrated efficacy for specific indications, facili-
tating patient management.62 In addition, clinical trials 

and marketing follow-up of many patients receiving 
ultrasound and contrast agents have reported few effects. 
In fact, recent evidence confirms the safety of ultrasound 
contrast agent use.63-66

Mechanical Index

Calculations for cavitation prediction have yielded a 
trade-off between peak rarefactional pressure and fre-
quency.67 This predicted trade-off assumes short-pulse (a 
few acoustic cycles) and low-duty cycle ultrasound 
(<1%). This relatively simple result can be used to gauge 
the potential for the onset of cavitation from diagnostic 
ultrasound. The mechanical index was adopted by the 
FDA, AIUM, and NEMA as a real-time output display 
to estimate the potential for bubble formation in vivo, 
in analogy to the thermal index. As previously stated, the 
collapse temperature for inertial cavitation is very high. 

AIUM STATEMENT ON BIOEFFECTS OF DIAGNOSTIC ULTRASOUND WITH GAS BODY 
CONTRAST AGENTS

Reprinted with permission of AIUM.
*Barnett SB. Safe use of ultrasound contrast agents. WFUMB Symposium on Safety of Ultrasound in Medicine: Ultrasound 

Contrast Agents. Ultrasound Med Biol 2007;33:171-172.

Approved November 8, 2008

Presently available ultrasound contrast agents consist 
of suspensions of gas bodies (stabilized gaseous 
microbubbles). The gas bodies have the correct size 
for strong echogenicity with diagnostic ultrasound 
and also for passage through the microcirculation. 
Commercial agents undergo rigorous clinical testing 
for safety and efficacy before Food and Drug 
Administration approval is granted, and they have 
been in clinical use in the United States since 1994. 
Detailed information on the composition and use of 
these agents is included in the package inserts. To 
date, diagnostic benefit has been proven in patients 
with suboptimal echocardiograms to opacify the left 
ventricular chamber and to improve the delineation 
of the left ventricular endocardial border. Many other 
diagnostic applications are under development or 
clinical testing.

Contrast agents carry some potential for 
nonthermal bioeffects when ultrasound interacts with 
the gas bodies. The mechanism for such effects is 
related to the physical phenomenon of acoustic 
cavitation. Several published reports describe adverse 
bioeffects in mammalian tissue in vivo resulting from 
exposure to diagnostic ultrasound with gas body 
contrast agents in the circulation. Induction of 
premature ventricular contractions by triggered 
contrast echocardiography in humans has been 
reported for a noncommercial agent and in 
laboratory animals for commercial agents. 
Microvascular leakage, killing of cardiomyocytes, and 
glomerular capillary hemorrhage, among other 
bioeffects, have been reported in animal studies. Two 
medical ultrasound societies have examined this 

potential risk of bioeffects in diagnostic ultrasound 
with contrast agents and provide extensive reviews  
of the topic: the World Federation for Ultrasound in 
Medicine and Biology (WFUMB) Contrast Agent 
Safety Symposium* and the American Institute of 
Ultrasound in Medicine 2005 Bioeffects Consensus 
Conference.49 Based on review of these reports and of 
recent literature, the Bioeffects Committee issues the 
following statement:

Induction of premature ventricular contractions, 
microvascular leakage with petechiae, glomerular 
capillary hemorrhage, and local cell killing in 
mammalian tissue in vivo have been reported 
and independently confirmed for diagnostic 
ultrasound exposure with a mechanical index 
(MI) above about 0.4 and a gas body contrast 
agent present in the circulation.

Although the medical significance of such 
microscale bioeffects is uncertain, minimizing the 
potential for such effects represents prudent use 
of diagnostic ultrasound. In general, for imaging 
with contrast agents at an MI above 0.4, 
practitioners should use the minimal agent  
dose, MI, and examination time consistent with 
efficacious acquisition of diagnostic information. 
In addition, the echocardiogram should be 
monitored during high-MI contrast cardiac-gated 
perfusion echocardiography, particularly in 
patients with a history of myocardial infarction  
or unstable cardiovascular disease. Furthermore, 
physicians and sonographers should follow all 
guidance provided in the package inserts of these 
drugs, including precautions, warnings, and 
contraindications.
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FIGURE 2-9. Threshold for bioef-
fects from pulsed ultrasound scan 
using low temporal average inten-
sity. Data shown are the threshold for effects 
measured in peak rarefactional pressures (p− 
in Fig. 2-1) as a function of ultrasound fre-
quency used in the exposure. Pulse durations 
are shown in parentheses in the key below the 
graph. Also shown for reference purposes are 
the values for the mechanical index (MI) and 
the local spatial peak, pulse average intensity 
(ISPPA). (From American Institute of Ultrasound 
in Medicine. Bioeffects and safety of diagnostic 
ultrasound. Rockville, Md, 1993, AIUM.)
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For MI, a collapse temperature of 5000 kelvins (K) was 
chosen based on the potential for free radical generation, 
and the frequency dependence of the pressure required 
to generate this thermal threshold takes a relatively 
simple form. The MI is a type of “mechanical energy 
index” because the square of the MI is about propor-
tional to mechanical work that can be performed on a 
bubble in the acoustic rarefaction phase.

Results from several investigators have specified the 
MI value above which bioeffects associated with cavita-
tion are observed in animals and insects.66 In Figure 2-9 
the dotted lines are calculations for several MI values, 
where all the effects appear to occur at an MI value of 
0.3 or greater. In many of these cases, however, stable 
pockets of gas (gas bodies) are known to exist in the 
exposed tissues. Also, other body areas containing gas 
bodies might also be particularly susceptible to ultra-
sound damage, including the intestinal lining.68

In response to this potential, the AIUM issued a safety 
statement related to the potential for bioeffects related 
to the interaction of ultrasound with naturally occurring 
nuclei. Experimentation continues, and it remains to be 
seen if such damage occurs in human tissue.

Inherent in the formulation of the MI are the condi-
tions only for the onset of inertial cavitation. The degree 
to which the threshold is exceeded, however, relates to 
the degree of potential bubble activity, which may cor-
relate with the probability of a bioeffect. Note that, given 
present knowledge, exceeding the cavitation threshold 

does not mean there will be a bioeffect. Below an MI of 
about 0.4, the physical conditions do not favor bubble 
growth, even in the presence of a broad bubble nuclei 
distribution in the body, which is in reasonable agree-
ment with the results of Figure 2-9. Moreover, whereas 
the TI is a time-averaged measure of the interaction of 
ultrasound with tissue, the MI is a peak measure of this 
interaction. Thus, there is a desirable parallel between 
these two measures, one thermal and one mechanical, 
for informing the user of the extent to which the diag-
nostic tool can produce undesirable changes in the body.

Summary Statement on  
Gas Body Bioeffects

The AIUM statements concerning bioeffects in body 
areas with gas bodies include several conclusions,20 sum-
marized as follows:
1. Current ultrasound systems can produce cavitation 

in vitro and in vivo and can cause blood 
extravasation in animal tissues.

2. A mechanical index can gauge the likelihood for 
cavitation and apparently works better than other 
field parameters in predicting cavitation.

3. Several interesting results have been observed 
concerning animal models for lung damage, which 
indicate a very low threshold for damage, but the 
implications for human exposure are not yet 
determined.
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AIUM STATEMENT ON NATURALLY OCCURRING GAS BODIES

Approved November 8, 2008

Biologically significant, adverse, nonthermal effects 
have only been identified with certainty for 
diagnostically relevant exposures in tissues that have 
well-defined populations of stabilized gas bodies. 
Such gas bodies either may occur naturally or may  
be injected from an exogenous source such as an 
ultrasound contrast agent. This statement concerns 
the former, while a separate statement deals with 
contrast agents [Ed. note: see the box on p. 44].
1. The outputs of some currently available diagnostic 

ultrasound devices can generate levels that 
produce hemorrhage in the lungs and intestines of 
laboratory animals.

2. A mechanical index (MI)* has been formulated 
to assist users in evaluating the likelihood of 
cavitation-related adverse biological effects for 
diagnostically relevant exposures. The MI is a 
better indicator than single-parameter measures of 
exposure, e.g., derated spatial-peak pulse-average 
intensity (ISPPA.3) or derated peak rarefactional 
pressure (pr.3), for known adverse nonthermal 
biological effects of ultrasound.

3. The threshold value of the current MI for lung 
hemorrhage in the mouse is approximately 0.4. 
The corresponding threshold for the intestine is  
MI = 1.4. The implications of these observations 
for human exposure are yet to be determined.

4. Thresholds for adverse nonthermal effects depend 
upon tissue characteristics, exposure duration (ED), 

and ultrasound parameters such as frequency  
(fc), pulse duration (PD), and pulse repetition 
frequency (PRF). For lung hemorrhage in postnatal 
laboratory animals, an empirical relation for the 
threshold value of in situ acoustic pressure is

P^ 2.4 PRF PD ED MPar c= ( ) ( )f 0 28 0 04 0 27 0 23. . . . ,

where the ranges and units of the variables 
investigated are fc = 1 to 5.6 MHz, PRF = 0.017 to 
1.0 kHz, PD = 1.0 to 11.7 µs, and ED = 2.4 to 
180 s. The above relationship differs significantly 
from the corresponding form used for the MI, and 
a lung-specific MI is in development.

5. The worst-case theoretical threshold for bubble 
nucleation and subsequent inertial cavitation in 
soft tissue is MI = 3.9 at 1 MHz. The threshold 
decreases to MI approximately 1.9 at 5 MHz and 
above, a level equal to the maximum output 
permitted by the U.S. Food and Drug 
Administration for diagnostic ultrasound devices. 
Experimental values for the cavitation threshold 
correspond to MI > 4 for extravasation of blood 
cells in mouse kidneys, and MI > 5.1 for hind limb 
paralysis in the mouse neonate.

6. For diagnostically relevant exposures (MI ≤ 1.9), 
no independently confirmed, biologically 
significant adverse nonthermal effects have been 
reported in mammalian tissues that do not contain 
well-defined gas bodies.

Reprinted with permission of AIUM.
*The MI is equal to the derated peak rarefactional pressure (in MPa) at the point of the maximum derated pulse intensity 

integral divided by the square root of the ultrasonic center frequency (in MHz). See American Institute of Ultrasound in 
Medicine. Standard for real-time display of thermal and mechanical acoustic output indices on diagnostic ultrasound 
equipment, Revision 2. Rockville, Md, 2004, AIUM and National Electrical Manufacturers Association.

4. In the absence of gas bodies, the threshold for 
damage is much higher. (This is significant because 
ultrasound examinations may be performed 
predominantly in tissues with no identifiable gas 
bodies.)

OUTPUT DISPLAY STANDARD

Several groups, including the FDA, AIUM, and NEMA, 
have developed the Standard for Real-Time Display of 
Thermal and Mechanical Acoustical Output Indices on 
Diagnostic Ultrasound Equipment, which introduces a 
method to provide the user with information concerning 
the thermal and mechanical indices. Real-time display of 
the MI and TI will allow a more informed decision on 
the potential for bioeffects during ultrasound examina-
tions (Fig. 2-10). The standard requires dynamic updates 

FIGURE 2-10. Display of bioeffects indices. Typical 
appearance of an ultrasound scanner display showing (right upper 
corner) the thermal index in bone (TIb) and mechanical index 
(MI) for an endocavitary transducer.

Ovarian follicles
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of the indices as instrument output is modified and 
allows the operator to learn how controls will affect these 
indices. Important points to remember about this display 
standard include the following:
• The mechanical index should be clearly visible on 

the screen (or alert the operator by some other 
means) and should begin to appear when the 
instrument exceeds a value of 0.4. An exception is 
made for instruments incapable of exceeding index 
values of 1; these are not required to display the 
bioeffects indices such as MI.

• Sometimes only one index (MI or TI) will be 
displayed at a time. The choice is often based on 
whether a given output condition is more likely to 
produce an effect by either mechanism.

• The standard also requires that appropriate default 
output settings be in effect at power-up, new patient 
entry, or when changing to a fetal examination. 
After that time the operator can adjust the 
instrument output as necessary to acquire clinically 
useful information while attempting to minimize the 
index values.

• As indicated previously, the bioeffects indices do not 
include any factors associated with the time taken to 
perform the scan. Efficient scanning is still an 
important component in limiting potential 
bioeffects.
In the document Medical Ultrasound Safety, AIUM 

suggests that the operator ask the following four ques-
tions to use the output display effectively69:
1. Which index should be used for the examination 

being performed?
2. Are there factors present that might cause the 

reading to be too high or low?
3. Can the index value be reduced further even when 

it is already low?
4. How can the ultrasound exposure be minimized 

without compromising the scan’s diagnostic quality?
Sonographers and physicians are being presented with 

real-time data on acoustic output of diagnostic scanners 
and are being asked not only to understand the manner 
in which ultrasound propagates through and interacts 
with tissue, but also to gauge the potential for adverse 
bioeffects. The output display is a tool that can be used 
to guide an ultrasound examination and control for 
potential adverse effects. The thermal and mechanical 
indices provide the user with more information and 
more responsibility in limiting output.

GENERAL AIUM  
SAFETY STATEMENTS

It is important to consider some official positions con-
cerning the status of bioeffects resulting from ultrasound. 
Most important is the high level of confidence in the 
safety of ultrasound in official statements. For example, 

in 2007 the AIUM reiterated its earlier statement con-
cerning the clinical use of diagnostic ultrasound by 
stating that no known bioeffects have been confirmed 
with the use of present diagnostic equipment, and the 
patient benefits resulting from prudent use outweigh the 
risks, if any. Similarly, in commenting on the use of 
diagnostic ultrasound in research, by AIUM recom-
mends that in the case of ultrasound exposure for other 
than direct medical benefit, the person should be 
informed concerning the exposure conditions and how 
these relate to normal exposures. For the most part, even 
examinations for research purposes are comparable to 
normal diagnostic exams and pose no additional risk. In 

AIUM SAFETY STATEMENTS  
ON DIAGNOSTIC ULTRASOUND

AIUM STATEMENT ON PRUDENT USE AND 
CLINICAL SAFETY
Approved October 1982; Revised and approved March 
2007

Diagnostic ultrasound has been in use since the late 
1950s. Given its known benefits and recognized 
efficacy for medical diagnosis, including use during 
human pregnancy, the American Institute of 
Ultrasound in Medicine herein addresses the clinical 
safety of such use: No independently confirmed 
adverse effects caused by exposure from present 
diagnostic ultrasound instruments have been 
reported in human patients in the absence of 
contrast agents. Biological effects (such as localized 
pulmonary bleeding) have been reported in 
mammalian systems at diagnostically relevant 
exposures, but the clinical significance of such 
effects is not yet known. Ultrasound should be used 
by qualified health professionals to provide medical 
benefit to the patient.

AIUM STATEMENT ON SAFETY IN 
TRAINING AND RESEARCH
Approved March 1983; Revised and approved March, 
2007

Diagnostic ultrasound has been in use since the late 
1950s. There are no confirmed adverse biological 
effects on patients resulting from this usage. 
Although no hazard has been identified that would 
preclude the prudent and conservative use of 
diagnostic ultrasound in education and research, 
experience from normal diagnostic practice may or 
may not be relevant to extended exposure times 
and altered exposure conditions. It is therefore 
considered appropriate to make the following 
recommendation:

When examinations are carried out for purposes 
of training or research, the subject should be 
informed of the anticipated exposure 
conditions and how these compare with 
normal diagnostic practice.

Reprinted with permission of AIUM.
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fact, many research exams can be performed in conjunc-
tion with routine exams.

The effects based on in vivo animal models can be 
summarized by the AIUM Statements on Heat—
Thermal Bioeffects, Bioeffects of Diagnostic Ultrasound 
with Gas Body Contrast Agents, and Naturally Occurring 
Gas Bodies.20 No independently confirmed experimental 
evidence indicates damage in animal models below 
certain prescribed levels (temperature rises <2° C; MI 
<0.4). The value for the MI is strict because tissues 
containing gas bodies exhibit damage at much lower 
levels than tissues devoid of gas bodies. Biologic effects 
have not been detected even at an MI of 4.0 in the 
absence of gas bodies.

EPIDEMIOLOGY

With all the potential causes for bioeffects, we must  
now examine the epidemiologic evidence that has  
been used in part to justify the apparent safety of ultra-
sound. In 1988, Ziskin and Petitti70 reviewed the 
epidemiologic studies conducted until then and con-
cluded, “Epidemiologic studies and surveys in wide-
spread clinical usage over 25 years have yielded no 
evidence of any adverse effect from diagnostic ultra-
sound.” A 2008 review71 of the epidemiology literature 
conducted by an AIUM subcommittee reiterated the 
AIUM statement regarding the epidemiology of diagnos-
tic ultrasound safety in obstetrics.72 This statement is 
similar to that approved in 1995 and differs slightly from 
that approved in 1987, which stated that no confirmed 
effects associated with ultrasound exposure existed at 
that time. The distinction being made is that although 
some effects may have been detected now, one cannot 
justify a conclusion of a causal relationship based on this 
evidence.

Epidemiologic studies are difficult to conduct, and 
data analysis and interpretation of results can be even 
more difficult. Several epidemiologic studies of fetal 
exposure to ultrasound have claimed to detect certain 
bioeffects and have also been criticized. Only one indica-
tion of an unspecified effect was reported in a general 
survey involving an estimated 1.2 million examinations 
in Canada.73 However, this is an extremely low inci-
dence, with no follow-up to determine the nature of the 
effect. In addition, an earlier study that included 121,000 
fetal exams reported no effect.74 Moore et al.75 reported 
an increased incidence of low birth weight, whereas Stark 
et al.76 examined the same data using a different statisti-
cal treatment and found no significant increase. Scheidt 
et al.77 noted abnormal grasp and tonic neck reflexes. 
These results are difficult to interpret, however, given the 
statistical treatment of the data. Stark et al.76 detected an 
increased incidence of dyslexia, but the same children 
exhibited below-average birth weights. General problems 
also plague the epidemiologic studies, including the lack 

of clearly stated exposure conditions and gestational age, 
problems in statistical sampling (with both positive and 
negative results), and use of older scanning systems, par-
ticularly with fetal Doppler ultrasound. Dyslexia was 
examined as part of two randomized trials, including 
specific long-term follow-up that showed no statistical 
difference between ultrasound-exposed and control 
subjects.78,79

Ziskin and Petitti70 also summarized the factors in 
evaluating epidemiologic evidence. It is important to 
recognize that epidemiologic evidence can be used to 
identify an association between exposures and biologic 
effects, but that this does not prove the exposure caused 
the bioeffect. The strength of the association is estab-
lished by the statistical significance of the relationship. 
Hill80 and Abramowicz et al.71 have developed the fol-
lowing seven criteria for judging causality:
1. Strength of the association.
2. Consistency in reproducibility and with previous, 

related research.
3. Specificity to a particular bioeffect or exposure site.
4. Classic time relationship of cause followed by effect.
5. Existence of a dose response.
6. Plausibility of the effect.
7. Supporting evidence from laboratory studies.
When considering these factors, no clear causal relation-
ship seems to exist between an adverse biologic response 
and ultrasound exposure of a diagnostic nature.

Newnham et al.81 reported higher intrauterine growth 
restriction during a study designed to determine the 
efficacy of ultrasound in reducing the number of neonatal 
days and prematurity rate. Therefore the study was not 
designed to detect an adverse bioeffect, but a statistically 
significant effect was observed as a result of subsequent 
data analysis. Several other deficiencies in methodology 
are evident in the selection and exposure of the experi-
mental groups, but in general, some association might 
be inferred from the results of this well-conducted, ran-
domized clinical trial. In a case-control study, Campbell 
et al.82 reported a statistically significant higher rate of 
delayed speech in children who were insonified in utero. 
Evidence of association is not as strong in case-control 
studies as in prospective studies, and measures of delayed 
speech are difficult. Subsequently, Salvesen et al.83 found 
no significant differences in delayed speech, limited 
vocabulary, or stuttering in a study of 1107 children 
exposed in utero (1033 controls).

CONTROLLING  
ULTRASOUND OUTPUT

The most important issue regarding potential bioeffects 
involves actions the physician or sonographer can take 
to minimize these effects. It is essential that operators 
understand the risks involved in the process, but without 
some ability to control the output of the ultrasound 
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system, this knowledge has limited use. Some specific 
methods can be used to limit ultrasound exposure while 
maintaining diagnostically relevant images.

Controls for the ultrasound system can be divided 
into direct controls and indirect controls. The direct 
controls are the application types and output intensity. 
Application types are those broad system controls that 
allow convenient selection of a particular examination 
type. These often come in the form of icons that are 
selected by the user. These default settings help minimize 
the time required to optimize the imaging parameters for 
the myriad of applications for diagnostic ultrasound. 
These settings should be used only as indicated (e.g., do 
not use the cardiac settings for a fetal exam). Output 
intensity (also called “power,” “output,” or “transmit”) 
controls the overall ultrasonic power emitted by the 
transducer. This control will generally affect the intensity 
at all points in the image to varying degrees, depending 
on the focusing. The lowest output intensity that pro-
duces a good image should be used, to minimize the 
exposure intensity. Focusing of the system is controlled 
by the operator and can be used to improve image quality 
while limiting required acoustic intensity. Focusing at 
the correct depth can improve the image without requir-
ing increased intensity.

The many indirect controls greatly affect the ultra-
sound exposure by dictating how the ultrasonic energy 
is distributed temporally and spatially. By choosing the 
mode of ultrasound used (e.g., B-mode, pulsed Doppler, 
color Doppler), the operator controls whether the beam 
is scanned. Unscanned modes deposit energy along a 
single path and increase the potential for heating. The 
pulse repetition frequency (PRF) indicates how often 
the transducer is excited. Increasing the number of ultra-
sound bursts per second will increase the temporal 
average intensity. PRF is usually controlled by changing 
the maximum image depth in B-mode or the velocity 
range in Doppler modes. Burst length (also called “pulse 
length” or “pulse duration”) controls the duration of 
on-time for each ultrasonic burst transmitted. Increasing 
the burst length while maintaining the same PRF will 
increase the temporal average intensity. The control of 
burst length may not be obvious. For example, in pulsed 
Doppler ultrasound, increasing the Doppler sample 
volume length will increase the burst length.

The selection of the appropriate transducer will also 
limit the need for high acoustic power. Even though 
higher frequencies provide better spatial resolution, the 
attenuation of tissue increases with increasing ultrasound 
frequency, so penetration may be lost. Perhaps most 
important are the receiver gain controls. The receiver 
gain control has no effect on the amplitude of the acous-
tic output. Therefore, before turning up the acoustic 
output intensity, try increasing receiver gain first. It 
should be noted that some system controls actually inter-
act with the acoustic output intensity without direct 
control. Check to see whether the manufacturer provides 
separate controls for receiver gain, time gain compensa-
tion (TGC), and acoustic output intensity. The TGC 
can improve image quality without increasing the output.

There is really no substitute for a well-instructed oper-
ator. The indices and requirements of output display 
standards will help only those willing to use and under-
stand them. Real-time display of the mechanical and 
thermal indices on diagnostic scanners will help clini-
cians evaluate and minimize potential risks in the use of 
such instrumentation. Physicians and sonographers are 
encouraged to learn more about how to minimize poten-
tial bioeffects.

ULTRASOUND  
ENTERTAINMENT VIDEOS

Of concern is the growing use of diagnostic ultrasound 
for the nonmedical scanning of pregnant women to 
provide a fetal “keepsake” video. Unfortunately, enter-
tainment ultrasound is promoted most vigorously in the 
second and third trimesters, when bone calcification can 
increase thermal effects. Also, women with the economic 
means to schedule multiple ultrasound imaging sessions 
may be exposing both themselves and their fetus to even 

OPTIMUM ULTRASOUND OUTPUT: 
LOWEST POWER OUTPUT THAT 

CREATES GOOD IMAGES

DIRECT CONTROLS
Application type: fetal, cardiac, etc.
Output intensity: power, output, transmit
Focusing: allows increasing output intensity only at 

the focal zone

INDIRECT CONTROLS
Ultrasound mode
Unscanned modes (deposits heat in one area)

Continuous wave Doppler
Spectral or pulsed Doppler
M-mode

Scanned modes
B-mode or gray-scale
Color flow Doppler
Power mode Doppler

Pulse repetition frequency
Increases bursts of energy per time
Pulse length
Increasing sample volume in Doppler studies
Appropriate transducer
High frequency: requires more output for depth
Lower frequency: less output needed at depth
Gain controls
Time gain compensation (TGC) can improve image 

without more output.
Receiver gain increases echo amplitudes without 

more output.
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AIUM STATEMENT ON KEEPSAKE FETAL IMAGING

Reprinted with permission of AIUM.

Approved June 22, 2005

The AIUM advocates the responsible use of  
diagnostic ultrasound for all fetal imaging. The AIUM 
understands the growing pressures from patients for 
the performance of ultrasound examinations for 
bonding and reassurance purposes, largely driven  
by the improving image quality of 3D sonography 
and by more widely available information about  
these advances. Although there is only preliminary 
scientific evidence that 3D sonography has a  
positive impact on parental-fetal bonding, the AIUM 
recognizes that many parents may pursue scanning 
for this purpose.

Such “keepsake imaging” currently occurs in a 
variety of settings, including the following:
1. Images or video clips given to parents during  

the course of a medically indicated ultrasound 
examination;

2. Freestanding commercial fetal imaging sites, 
usually without any physician review of acquired 
images and with no regulation of the training of 
the individuals obtaining the images; these images 
are sometimes called “entertainment videos”; and

3. As added cost visits to a medical facility (office or 
hospital) outside the coverage of contractual 
arrangements between the provider and the 
patient’s insurance carrier.

The AIUM recommends that appropriately trained 
and credentialed medical professionals (either licensed 
physicians, registered sonographers, or sonography 
registry candidates) who have received specialized 
training in fetal imaging perform all fetal ultrasound 
scans. These individuals have been trained to 
recognize medically important conditions, such  
as congenital anomalies, artifacts associated with 
ultrasound scanning that may mimic pathology, and 

techniques to avoid ultrasound exposure beyond 
what is considered safe for the fetus. Any other  
use of “limited medical ultrasound” may constitute 
practice of medicine without a license. The AIUM 
reemphasizes that all imaging requires proper 
documentation and a final report for the patient 
medical record signed by a physician.

Although the general use of ultrasound for medical 
diagnosis is considered safe, ultrasound energy has 
the potential to produce biological effects. Ultrasound 
bioeffects may result from scanning for a prolonged 
period, inappropriate use of color or pulsed Doppler 
ultrasound without a medical indication, or excessive 
thermal or mechanical index settings. The AIUM 
encourages patients to make sure that practitioners 
using ultrasound have received specific training in 
fetal imaging to ensure the best possible results.

The AIUM also believes that added cost 
arrangements other than those of providing patients 
images or copies of their medical records at cost  
may violate the principles of medical ethics of the 
American Medical Association85,86 (E-8.062 and 
E-8.063) and the American College of Obstetricians 
and Gynecologists.87 The AIUM88 therefore reaffirms 
the Prudent Use statement and recommends that 
only scenario 1 above is consistent with the ethical 
principles of our professional organizations.

The market for keepsake images is driven in part by 
past medical approaches that have used medicolegal 
concerns as a reason not to provide images to 
patients. Sharing images with patients is unlikely to 
have a detrimental medicolegal impact. Although 
these concerns need further analysis and evaluation, 
we encourage sharing images with patients as 
appropriate when indicated obstetric ultrasound 
examinations are performed.89

greater risk if ultrasound bioeffects are shown to be addi-
tive, or just by increasing the chances for a bioeffect. If 
there is no clinical benefit in such entertainment ultra-
sound, the benefit/risk ratio is clearly zero. In addition, 
because often the ultrasound equipment used is identical 
to diagnostic equipment used by clinicians, the con-
sumer may be unaware that no medical information is 
being generated, interpreted, or referred to her obstetri-
cian. (It is recognized that release forms are signed to the 
contrary.) The FDA84 views this as an unapproved use 
of a medical device and refers users to the AIUM state-
ment regarding keepsake videos.
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The injection of a contrast agent forms a routine part 
of clinical x-ray, CT, MR, and radionuclide imaging in 
radiology. Despite the obvious significance of the vascu-
lar component of many ultrasound examinations in radi-
ology, however, and despite the widespread availability 
of contrast agents for echocardiography, noncardiac 
ultrasound imaging has only begun to exploit the poten-
tial benefit of contrast enhancement. The reason is that 
ultrasound, unlike x-ray imaging, benefits from an 
intrinsically high contrast between blood and solid tissue, 
and therefore large vessels can be visualized without a 
contrast agent and associated subtraction imaging 
method. Furthermore, color Doppler sonographic 
imaging offers a powerful and effective tool, with the 
additional ability to quantify hemodynamic parameters 
such as the direction and velocity of blood flow.

It is precisely these capabilities that the new genera-
tion of ultrasound contrast agents has extended into the 
microcirculation, redefining the role of ultrasound in 
resolving vascular questions until now left to contrast-
enhanced computed tomography (CT) and magnetic 
resonance imaging (MRI). Contrast agents can help 
delineate vascular structures and enhance Doppler signals 
from small volumes of blood. More importantly, for the 
first time, these agents allow ultrasound imaging of organ 
and lesion perfusion in real time. This chapter provides 
both a tutorial and a reference for the practical use of 
contrast agents for these new indications.

REQUIREMENTS AND TYPES

The principal requirements for an ultrasound contrast 
agent are (1) being easily introducible into the vascular 
system, (2) being stable for the duration of the diagnostic 
examination, (3) having low toxicity, and (4) modifying 
one or more acoustic properties of tissues that can be 
detected by ultrasound imaging. Although applications 
might be found for ultrasound contrast agents to justify 
their injection into arteries, the clinical context for con-
trast ultrasonography requires that agents be capable of 
intravenous administration and intact passage through 
the heart and lungs. These constitute a demanding speci-
fication that has been met only in the past decade. 
Currently, more than 60 countries have approved the 
use of at least one contrast agent for abdominal ultra-
sound diagnosis. The technology universally adopted is 
that of encapsulated bubbles of gas that are smaller than 
red blood cells and therefore capable of circulating freely 
in the systemic vasculature.

Contrast agents act by their presence in the vascular 
system, from where they are ultimately metabolized 
(blood pool agents) or by their selective uptake in tissue 
after a vascular phase. The most important properties of 
tissue that influence the ultrasound image are linear and 
nonlinear backscatter coefficient, attenuation, and 
acoustic propagation velocity.1,2 Most agents work to 
enhance the echo from blood by increasing the  
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backscatter of the tissue as much as possible while increas-
ing the attenuation in the tissue as little as possible.

Blood Pool Contrast Agents

Free Gas Bubbles

Gramiak and Shah3 first used bubbles to enhance the 
echo from blood in 1968. They injected agitated saline 
into the left ventricle during an echocardiographic exam-
ination and saw strong echoes within the lumen of the 
aorta. It was subsequently shown that these echoes origi-
nated from free bubbles of air arising from solution 
either during agitation or at the catheter tip during  
injection.4 Agitated solutions of compounds such as 
indocyanine green and diatrizoate sodium/meglumine 
(Renografin)—already approved for intra-arterial injec-
tion—were also used. The application of free gas as a 
contrast agent was confined to the heart, including eval-
uation of valvular insufficiency,5 intracardiac shunts,6 
and cavity dimensions.7 The fundamental limitations of 
bubbles produced in this way are that they are large, and 
thus effectively filtered by the lungs, and unstable, and 
thus go back into solution in about 1 second. Apart from 
occasional use to identify shunts, free bubbles are rarely 
used at present as a contrast agent.

Encapsulated Air Bubbles

To overcome the natural instability of free gas bubbles, 
various shell coatings were investigated to create a more 
stable particle. In 1980, Carroll et al.8 encapsulated 
nitrogen bubbles in gelatin and injected them into the 

femoral artery of rabbits with VX2 tumors in the thigh. 
Although echo enhancement of the tumor rim was iden-
tified, the large diameter of the coated bubbles (80 µm) 
precluded intravenous administration. In 1984, Feinstein 
et al.9 first produced a stable encapsulated microbubble 
that was comparable in size to a red blood cell (RBC) 
and that could survive passage through the heart and 
pulmonary capillary network. They produced micro-
bubbles by sonication of a solution of human serum 
albumin and showed that it could be detected in the left 
side of the heart after peripheral venous injection. This 
agent was subsequently developed commercially as 
Albunex (Mallinckrodt Medical, St. Louis) (Table 3-1).

Another approach to stabilizing an air bubble is to add 
a lipid shell on dissolution of a dry powder. Levovist 
(Schering AG, Berlin), is a dry mixture comprising 
99.9% microcrystalline galactose microparticles and 
0.1% palmitic acid. On dissolving in sterile water, the 
galactose disaggregates into microparticles, which provide 
an irregular surface for the adherence of microbubbles 3 
to 4 µm in size. Stabilization of the microbubbles takes 
place as they become coated with palmitic acid, which 
separates the gas-liquid interface and slows their dissolu-
tion.10 The resulting microbubbles have a median bubble 
diameter of about 3 µm, with the 97th centile at approx-
imately 6 µm, and are sufficiently stable for transit 
through the pulmonary circuit. The agent is chemically 
related to its predecessor Echovist (SHU454, Schering 
AG), a galactose agent that forms larger bubbles and is 
used principally for visualization of nonvascular ductal 
structures such as the fallopian tubes.11,12 Numerous 
early studies with Levovist demonstrated its capacity to 
traverse the pulmonary bed in sufficient concentrations 

TABLE 3-1. REGULATORY AND MARKETING STATUS OF ULTRASOUND CONTRAST 
AGENTS, 2009

NAME COMPANY LIPID SHELL/GAS STATUS

Albunex Mallinckrodt Sonicated albumin/air Approved in EU, USA, Canada
Not marketed

Echovist Schering Galactose matrix/air Approved in EU, Canada
Levovist Schering Lipid/air Approved in EU, Canada, Japan

Not marketed
Definity Lantheus Medical Imaging Liposome/perfluoropropane Approved in US for cardiology; in Canada, Australasia, 

Americas for radiology/cardiology
SonoVue Bracco Phospholipid/sulfur hexafluoride Approved in EU for radiology/cardiology; in US for 

clinical development in USA
Optison GE Healthcare Sonicated albumin/octafluoropropane Approved in EU, USA, Canada for cardiology
Imagent Schering Surfactant/perfluorohexane-air Approved in USA for cardiology

Not marketed
Sonavist Schering Polymer/air Suspended development suspended
Sonazoid GE Healthcare/

Daiichi-Sankyo
Lipid/perflubutane Approved in Japan for radiology

Bisphere Point Biomedical Polymer bilayer/air Clinical development100

Imagify Acusphere Polymer/perflubutane Clinical development101

PESDA [Porter et al102] Sonicated albumin/perfluorocarbon Not commercially developed

EU, European Union; USA, United States.



Chapter 3 ■ Contrast Agents for Ultrasound  55

to enhance both color and spectral Doppler signals, as 
well as gray-scale examinations using nonlinear imaging 
modes such as pulse inversion.13,14 Levovist remains 
approved for use in the European Union (EU), Canada, 
Japan, and numerous other countries, although not in 
the United States. Many clinical applications of intrave-
nous contrast were pioneered using Levovist, which has 
now given way to the so-called second-generation agents 
and is no longer marketed.

Low-Solubility Gas Bubbles

The shells that stabilize microbubbles are extremely thin 
and allow a gas such as air to diffuse through and fall 
back into solution in the blood. How fast this happens 
depends on a number of factors, including the nature of 
the fluid medium and the bubble under insonation. 
After venous injection, the typical duration in the sys-
temic circulation of Levovist and Echovist is only a few 
minutes. Because these agents are introduced as a bolus 
and the maximum effect of the agent is in the first pass, 
the useful imaging time is usually considerably less than 
this duration. Second-generation agents were designed 
both to increase backscatter enhancement and to last 
longer in the bloodstream by taking advantage of low-
solubility gases such as the perfluorocarbons. These 
heavier gases diffuse more slowly through the bubble 
shell and have much lower solubility in blood. Optison 
(GE Healthcare, Milwaukee) is a perfluoropropane-filled 
albumin shell with a size distribution similar to that of 

its predecessor, Albunex, and is currently approved for 
“cardiology” indications in the EU, United States, and 
Canada (Fig. 3-1, A). SonoVue (Bracco Imaging SpA, 
Milan) uses sulfur hexafluorane in a phospholipid shell 
and is available for “cardiology and radiology” indica-
tions in the EU, China, and a number of other countries. 
Definity (Lantheus Medical Imaging, Billerica, Mass) 
comprises a perfluoropropane microbubble coated with 
a flexible bilipid shell, which also showed improved sta-
bility and high enhancement at low doses15 (Fig. 3-1, B). 
Definity is currently approved for “cardiology and radi-
ology” indications in Canada, Australasia, and a number 
of Central and South American countries, and for car-
diology in the United States. Sonazoid (Daiichi Sankyo, 
Tokyo) consists of a perfluorobutane bubble in a lipid 
shell16 and is currently approved for radiology in Japan.

Although tiny, these bubbles are large compared with 
the molecules and particles used as contrast agents for 
CT and MRI. The contrast agents for these modalities 
are sufficiently small to be able to diffuse through the 
fenestrated endothelium of blood vessels into the inter-
stitium. Thus, x-ray and MR contrast-enhanced images 
frequently show a parenchymal phase of enhancement, 
which is used to identify hyperpermeable vascular struc-
tures, such as those involved with tumor angiogenesis.17 
Microbubbles, on the other hand, are of a size compa-
rable to that of an RBC, so they go where an RBC goes 
(Fig. 3-2) and, more significantly, do not go where an 
RBC does not go. Microbubbles are clinical radiology’s 
first pure “blood pool” contrast agent.

FIGURE 3-1. Contrast agents for ultrasound. A, Perfluoropropane bubbles with a protein shell (Optison), seen here against 
a background of red blood cells. B, Lipid-coated microbubbles of perfluoropropane gas (Definity) are seen under darkfield microscope.

A B 5 µm
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Selective Uptake Contrast Agents

An ideal blood pool agent displays the same flow dynam-
ics as blood itself, and ultimately it is metabolized from 
the blood pool. Agents such as Definity, SonoVue, and 
Optison are generally not detected outside the vascular 
system and therefore come close to this ideal. However, 
contrast preparations can be made that are capable of 
providing ultrasound enhancement during their metabo-

lism as well as while in the blood pool. Colloidal suspen-
sions of liquid droplets such as perfluoroctylbromide18 
and microbubble agents with certain shell proper-
ties16,19,20 are taken up by the reticuloendothelial system 
(RES), from where they ultimately are excreted. In the 
RES they may provide contrast from within the liver 
parenchyma, demarcating the distribution of Kupffer 
cells.21 Agents such as Levovist and Sonazoid provide 
“late phase” enhancement in the parenchyma of the liver 
and spleen after having cleared from the vascular system,22 
allowing detection of Kupffer cell–poor lesions such as 
cancers.23,24 Other strategies for more specific uptake and 
targeted imaging are discussed later.

NEED FOR BUBBLE- 
SPECIFIC IMAGING

A typical dose of an ultrasound contrast agent is of the 
order of tens of microliters (µL) of bubble suspension 
per kilogram (kg) body weight, so that a whole-body 
dose might be of the order of 0.1 to 1.0 milliliter (mL). 
Figure 3-3 shows the enhancement of the echo from 
systemic arterial blood after a peripheral venous injection 
of a second-generation agent. A first-pass peak is seen, 
followed by recirculation and washout as the agent is 
eliminated over the next few minutes. By infusing the 
bubbles through a saline drip or pump, a steady enhance-
ment lasting up to 20 minutes can also be obtained.25 
The small amount of perfluorocarbon gas goes into solu-
tion in the blood and is ultimately excreted by the lungs 
and liver. The trace amount of shell material is reduced 
to biocompatible elements that, in the case of the 
common agents, are already present in the blood.26

FIGURE 3-2. Bubbles are relatively large as contrast agents and 
remain within the blood pool. Intravital microscopy of fluores-
cent-labeled perfluoropropane bubbles (Definity) shows them in 
capillaries, being transported much as red blood cells nearby 
(arrows). (Courtesy J Lindner, Oregon Health Sciences.)

FIGURE 3-3. Contrast-
enhanced arterial flow. 
Arterial blood echo enhancement 
after intravenous bolus of Optison 
at increasing doses. The peak 
enhancement is 30 dB, corre-
sponding to a 1000-fold increase of 
echo power. Note that increasing 
the dose by a factor of 10 does not 
have the same effect on the peak 
enhancement. Instead, it is the 
washout time that is increased.
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One of the major diagnostic objectives in using an 
ultrasound contrast agent in a solid organ is to detect 
flow at the perfusion—that is, the arteriolar and capil-
lary—level. The peak enhancement in Figure 3-3 is 
about 30 dB, corresponding to a 1000-fold increase in 
the power of the ultrasound echo from blood. Although 
this may seem impressive, it does not necessarily help 
ultrasound to image perfusion. The echoes from blood 
associated with such flow, such as in the hepatic sinu-
soids, exist in the midst of echoes from the surrounding 
solid structures of the liver parenchyma, echoes that are 
almost always stronger than even the contrast-enhanced 
blood echo. When they can be seen, blood vessels in a 
nonenhanced image have a low echo level; thus an echo-
enhancing agent actually lowers the contrast between 
blood and the surrounding tissue, making the lumen of 
the blood vessel less visible. Therefore, to image flow in 
small vessels of the liver, a contrast agent is required that 
either (1) enhances the blood echo to a level that is 
substantially higher than that of the surrounding tissue 
or (2) can be used with a method for suppressing the 
echo from non-contrast-bearing structures.

Doppler offers a method that successfully separates 
the echoes from blood from those of tissue. It was  
originally thought that microbubbles would be used as 
an “echo-enhancing” agent, enabling perfusion to be 
revealed.27 However, Doppler relies on the relatively 
high velocity of moving blood compared to that of the 
surrounding tissue. This distinction allows use of a high 
pass (or wall) filter to separate the Doppler signals caused 
by blood flow from those caused by tissue motion and 
is valid for flow in large vessels, but it does not work for 
flow at the parenchymal level, where the tissue is moving 
at the same speed or faster than the blood that perfuses 
it. In this case the Doppler shift frequency from the 
moving solid tissue is comparable to or higher than that 
of the moving blood itself. Because the wall filter cannot 
be used without eliminating both the flow and the tissue 
echoes, the use of Doppler in such circumstances is 
defeated by the overwhelming signal from tissue move-
ment: the flash artifact in color or the thump artifact 
in spectral Doppler.28 Despite some hopeful claims to 
the contrary, these fundamental limitations mean that 

true parenchymal flow cannot be imaged using Doppler 
at clinical frequencies, with or without intravenous con-
trast agents29 (see Fig. 3-1).

How then might contrast agents be used to improve 
the visibility of perfused small structures within tissue? 
Clearly, a method that could identify the echo from  
the contrast agent and suppress that from solid tissue 
would provide both a real-time “subtraction” mode  
for contrast-enhanced B-mode imaging and a means  
of suppressing Doppler clutter, without the use of a 
velocity-dependent filter in spectral and color modes. 
Contrast-specific imaging, often referred to as nonlin-
ear imaging, has provided such a method and thus the 
means for detecting flow in smaller vessels.

Bubble Behavior and  
Incident Pressure

The key to understanding contrast-specific imaging 
modes and their successful clinical use lies in the unique 
interaction between a microbubble contrast agent and 
the imaging process. Controlling and exploiting this 
interaction are central to all contrast-specific methods. 
Unlike tissue, microbubbles scatter ultrasound in a 
manner dependent on the amplitude of the sound to 
which they are exposed by the imaging process. The 
result is three broad regimens of bubble behavior, result-
ing in three types of echoes (Table 3-2).

The regimens depend primarily on the intensity, or 
more precisely, the peak negative pressure, of the inci-
dent sound field produced by the scanner. At low inci-
dent pressures (corresponding to low transmit power of 
the scanner) the agents produce linear backscatter 
enhancement, which augments the echo from blood. 
This is the behavior originally envisioned by contrast 
agent manufacturers. As the transmit intensity control of 
the scanner is increased and the negative pressure inci-
dent on a bubble goes beyond 50 to 100 kilopascals 
(kPa), which is still below the level used in most diag-
nostic scans, the contrast agent backscatter begins to 
show nonlinear characteristics, such as the emission of 
harmonics. The detection of these forms the basis of 
contrast-specific imaging modes, such as harmonic and 

TABLE 3-2. THREE REGIMENS OF ACOUSTIC BEHAVIOR OF TYPICAL 
PERFLUOROCARBON GAS/LIPID-SHELLED AGENT IN ULTRASOUND FIELD

PEAK PRESSURE 
(APPROX)

MECHANICAL INDEX 
(MI) (AT 2 MHz) BUBBLE BEHAVIOR ACOUSTIC BEHAVIOR APPLICATION

<100 kPa <0.07 Linear oscillation Linear backscatter 
enhancement

Doppler signal enhancement

0.1-0.4 MPa 0.07-0.3 Nonlinear oscillation Nonlinear backscatter Real-time (low MI) perfusion imaging
>0.5 MPa >0.4 Disruption Transient nonlinear echoes Triggered perfusion/disruption-

replenishment flow measurement
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pulse inversion and Doppler. As the peak pressure 
reaches and passes about 300 kPa, or 0.3 megapascal 
(MPa), and approaches the level emitted by a typical 
ultrasound imaging system in conventional B-mode 
imaging, bubbles will produce a strong but brief echo as 
they are disrupted by the ultrasound beam. This behav-
ior forms the basis of the most common way of quantify-
ing perfusion.

In practice, because of the different sizes present in a 
realistic population of bubbles,30 as well as the additional 
effect of frequency, the borders between these acoustic 
behaviors are not sharp and vary among different bubble 
types, whose behavior strongly depends on the gas and 
shell properties.31

Mechanical Index

For reasons unrelated to contrast imaging, ultrasound 
scanners marketed in the United States are required by 
the Food and Drug Administration (FDA) to carry an 
on-screen label of the estimated normalized peak nega-
tive pressure to which tissue is exposed. This pressure 
changes according to the tissue through which the sound 
travels as well as the amplitude and geometry of the 
ultrasound beam: the higher the attenuation, the less the 
peak pressure in tissue. A scanner cannot “know” the 
tissue being imaged, so an index has been defined that 
reflects the approximate exposure to ultrasound pressure 
at the focus of the beam in average tissue.

The mechanical index (MI) is defined as the peak 
rarefactional (i.e., negative) pressure, divided by the 
square root of the ultrasound frequency. This quantity 
is related to the amount of mechanical work that can be 
performed on a bubble during a negative half-cycle of 
sound.32 MI is thought to indicate the propensity of the 
sound to cause cavitation in the medium. In clinical 
ultrasound systems, MI is usually 0.05 to 2.0. Although 
a single value is displayed for each image, in practice the 
actual MI varies throughout the image. In the absence 
of attenuation, the MI is maximal at the focus of the 
beam. Attenuation shifts this maximum toward the 
transducer. Furthermore, because of the complex proce-
dure to calculate MI, which is itself only an estimate of 
the actual quantity within the body, the indices dis-
played by different machines are not precisely compa-
rable. Thus, for example, more bubble disruption might 
be observed at a displayed MI of 0.5 using one machine 
but at 0.6 with the same patient using another machine. 
For this reason, recommendations of machine settings 
for a specific examination are not transferable between 
manufacturers’ instruments. Nonetheless, the MI is the 
operator’s most important indication of the expected 
behavior of the contrast agent bubbles. Therefore, it is 
usually incorporated into the preset initial settings for a 
contrast imaging mode on the scanner and the “output 
power” adjustment at the operator’s front line of 
controls.

NONLINEAR BACKSCATTER: 
HARMONIC IMAGING

The behavior of bubbles in an acoustic field offers two 
important pieces of evidence. First, as shown in Figure 
3-4, the size of the echo enhancement is much larger 
than would be expected from such sparse scatterers of 
this size in blood. Second, investigations of the acoustic 
characteristics of early agents33 demonstrated peaks in 
the spectra of attenuation and scattering that depend on 
both ultrasound frequency and size of the microbubbles. 
This evidence suggests that the bubbles resonate in an 
ultrasound field. As the ultrasound wave (comprising 
alternate compressions and rarefactions) propagates over 
the bubbles, the bubbles experience a periodic change in 
their radius in sympathy with the oscillations of the 
incident sound. Like vibrations of the string of a musical 
instrument, these oscillations have a natural or resonant 
frequency of oscillation at which they will both absorb 
and scatter ultrasound with a peculiarly high efficiency. 
Considering the linear oscillation of a free bubble of air 
in water, a simple theory1,2 can predict the resonant 
frequency of radial oscillation of a bubble of 3-µm diam-
eter (median diameter of typical transpulmonary micro-
bubble agent): about 3 MHz, approximately the center 
frequency of ultrasound used in a typical abdominal scan 
(Fig. 3-5). This coincidence explains why ultrasound 
contrast agents are so efficient and can be administered 
in such small quantities. It also predicts that bubbles 
undergoing resonant oscillation in an ultrasound field 
can be induced to nonlinear motion, the basis of har-
monic imaging.

It has long been recognized34 that if bubbles are 
“driven” by an ultrasound field at sufficiently high acous-
tic pressures, the oscillatory excursions of the bubble 

MECHANICAL INDEX (MI)  
IN ULTRASOUND IMAGING

• Defined as follows: 

MI
P

f
neg=

where Pneg is the peak negative ultrasound 
pressure in MPa, and f is the ultrasound 
frequency in MHz.

• Reflects the normalized negative pressure to 
which a target, such as a bubble, is exposed in 
an ultrasound field.

• Is defined for the focus of the ultrasound beam.
• Varies with depth in the image (lessens with 

increasing depth).
• Varies with lateral location in the image (lessens 

at the sector edges).
• Is estimated differently in systems from different 

manufacturers.
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reach a point at which the alternate expansions and 
contractions in bubble size are not equal. Lord Rayleigh, 
whose original theoretical understanding of sound is the 
basis for ultrasound imaging, first investigated this in 
1917, curious about the creaking noises in a tea kettle as 
water boils.35 The consequence of such nonlinear 
motion is that the sound emitted by the bubble, and 
detected by the transducer, contains harmonics, just as 
the resonant strings of a musical instrument, depending 
on how they are bowed or plucked, will produce a timbre 
comprising overtones (the musical term for harmonics), 
exact octaves above the pitch of the fundamental note. 
The origin of this phenomenon is the asymmetry that 
begins to affect bubble oscillation as the amplitude 
becomes large. As a bubble is compressed by the ultra-
sound pressure wave, it becomes stiffer and thus resists 
further reduction in its radius. Conversely, in the rarefac-
tion phase of the ultrasound pulse, the bubble becomes 
less stiff and therefore enlarges much more (Fig. 3-6).

Figure 3-7 shows the frequency spectrum of an echo 
produced by a microbubble contrast agent after exposure 
to a 3-MHz burst of sound. The particular agent is 
Optison, although most microbubble agents behave 

FIGURE 3-4. Need for contrast-specific imaging. A, Conventional image of liver shows a large, solid mass. B, Administration 
of contrast increases the echogenicity of blood but creates Doppler artifacts due to blooming and tissue motion. C, Contrast-specific 
imaging shows blood vessels not seen by Doppler. D, Initiating high-MI imaging after a pause reveals perfusion of the mass and a necrotic 
area. The lesion is a hepatocellular carcinoma. (Modified from Burns PN, Wilson SR, Simpson DH. Pulse inversion imaging of liver blood 
flow: improved method for characterizing focal masses with microbubble contrast. Invest Radiol 2000;35:58-71.)

A B

C D

FIGURE 3-5. Microbubbles resonate in diagnostic 
ultrasound field. This graph shows that the resonant (or 
natural) frequency of oscillation of a bubble of air in an ultrasound 
field depends on its size. For a 3.5-µm diameter, the size needed 
for an intravenously injectable contrast agent, the resonant fre-
quency is about 3 MHz.
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FIGURE 3-6. Microbubble in acoustic field. Bubbles 
respond asymmetrically to diagnostic sound waves (top graph), 
stiffening when compressed by sound and yielding only small 
changes in radius (bottom graph). During the low-pressure portion 
of the sound wave, the bubble stiffness decreases and changes in 
radius can be large. This asymmetric response leads to the produc-
tion of harmonics in the scattered wave.
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FIGURE 3-7. Harmonic emission from Optison. 
Sample of contrast agent is insonated at 3 MHz and the echo 
analyzed for its frequency content. It is seen that the largest peak 
of the energy in the echo is at the 3-MHz fundamental, but that 
there are clear secondary peaks in the spectrum at 6, 9, 12, 15, 
and 18 MHz, as well as peaks between these harmonics (known 
as “ultraharmonics”) and below the fundamental (the “subhar-
monic”). The second harmonic echo is about 18 dB less than that 
of the main, or fundamental, echo. Harmonic imaging and 
Doppler aim to separate and process this signal alone. (From 
Becher H, Burns PN. Handbook of contrast echocardiography. 
Berlin, 2000, Springer.)
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similarly. Ultrasound frequency is on the horizontal axis, 
with the relative amplitude on the vertical axis. In addi-
tion to the fundamental echo at 3 MHz, a series of 
echoes are seen at whole multiples of the transmitted 
frequency, known as higher harmonics.

Therefore, one simple method to distinguish bubbles 
from tissue is to excite the bubbles so as to produce 
harmonics and then detect these in preference over the 
fundamental echo from tissue. Key factors in the har-
monic response of an agent are the incident pressure of 
the ultrasound field, the frequency, the size distribution 
of the bubbles, and the mechanical properties of the 
bubble capsule (e.g., a stiff capsule will dampen oscilla-
tions and attenuate its nonlinear response).

Harmonic B-Mode Imaging

An imaging and Doppler method based on this phenom-
enon, called harmonic imaging,36 is widely available on 
modern ultrasound scanners. In harmonic mode the 
system transmits normally at one frequency but is tuned 
to receive echoes preferentially at double that frequency, 

where the echoes from the bubbles lie. Typically, the 
transmit frequency lies between 1.5 and 3.0 MHz, and 
the receive frequency is selected by means of a detection 
strategy (originally, simple radiofrequency bandpass 
filter with center frequency at second harmonic), between 
3 and 6 MHz. Harmonic imaging uses the same array 
transducers as conventional imaging and, for most 
current ultrasound systems, involves only software 
changes. Echoes from solid tissue, as well as red blood 
cells themselves, are suppressed. Real-time harmonic 
spectral Doppler and color Doppler modes have also 
been implemented on a number of commercially avail-
able systems. Clearly, an exceptional transducer band-
width is needed to operate over such a large range of 
frequencies. Fortunately, recent efforts have increased 
the bandwidth of transducer arrays because of its signifi-
cant bearing on conventional imaging performance, so 
harmonic imaging modes do not require the additional 
expense of dedicated transducers.

Harmonic Spectral and Power 
Doppler Imaging

In harmonic images the echo from tissue mimicking 
material is reduced, but not eliminated, reversing the 
contrast between the agent and its surroundings (Fig. 
3-8). The value of this effect is to increase the conspicu-
ity of the agent when it is in blood vessels normally 
hidden by the strong echoes from tissue. In spectral 
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Doppler, one would expect the suppression of the tissue 
echo to reduce the tissue motion or “thump” artifact 
familiar to all Doppler sonographers that limits the 
detection of flow in moving vessels. In vivo spectral 
Doppler measurements show that the signal-to-clutter 
ratio is improved by a combination of harmonic imaging 
and the contrast agent by as much as 35 dB.37 Applications 
of this method include detection of blood flow in small 
vessels surrounded by tissue that is moving, such as the 
branches of the coronary arteries.38 It remains a some-
what specialized technique.

In conventional color Doppler studies using a contrast 
agent, the increased echo signal does nothing to suppress 
the clutter “flash” from moving tissue, but instead adds 
to it a “blooming” artifact of flow signals as the receiver 
is overloaded with the enhanced echo from blood (see 
Fig. 3-4, C). Harmonic power Doppler mode effectively 
overcomes this clutter problem by suppressing the signal 
from tissue, revealing better detail of small vessels. 
Combining the harmonic method with power Doppler 
produces an especially effective tool for the detection of 
flow in the small vessels of the abdominal organs, which 
may be moving with cardiac pulsation or respiration 
(Fig. 3-9). A study comparing flow on contrast-enhanced 
power harmonic images with histologically sized arteri-
oles in the corresponding regions of the renal cortex 
concluded that the method is capable of demonstrating 
flow in vessels less than 40 µm in diameter; about 10 
times smaller than the corresponding imaging resolution 
limit, even as the organ was moving with normal respira-

tion.39 Using this power mode method in the heart 
allows flow imaging in the myocardium.40,41

Tissue Harmonic Imaging

In second harmonic imaging an ultrasound scanner 
transmits at one frequency and receives at double this 
frequency. The improved detection of the microbubble 
echo results from the peculiar behavior of a gas bubble 
in an ultrasound field. However, any source of a received 
signal at the harmonic frequency that does not come 
from the bubble will clearly reduce the efficacy of this 
method. Such unwanted signals can come from nonlin-
earities in the transducer or its associated electronics, and 
these must be tackled effectively in a good harmonic 
imaging system. However, tissue itself can produce 
harmonics that will be received by the transducer and 
that develop as a wave propagates through tissue. Again, 
this is caused by asymmetry; in this case, sound travels 
slightly faster through tissue during the compressional 
(where it is denser and thus stiffer) than during the rar-
efactional half-cycle. Although very small, the effect is 
sufficient to produce substantial harmonic components 
in the transmitted wave by the time it reaches deep 
tissue. Therefore, when the sound wave is scattered by a 
linear target such as the myocardium, there is a harmonic 
component in the echo, which is detected by the scanner 
along with the harmonic echo from the bubble.42 This 
is the reason that solid tissue is not completely dark in a 
typical harmonic image. The effect is to reduce the  

FIGURE 3-8. Pulse inversion imaging. In vitro images of a vessel phantom containing stationary perfluorocarbon contrast agent 
surrounded by tissue equivalent material (biogel and graphite). A, Conventional image, mechanical index (MI) = 0.2. B, Harmonic 
imaging, MI = 0.2, provides improved contrast between agent and tissue. C, Pulse inversion imaging, MI = 0.2. By suppressing linear 
echoes from stationary tissue, pulse inversion imaging provides better contrast between agent and tissue than both conventional and 
harmonic imaging. (From Becher H, Burns PN. Handbook of contrast echocardiography. Berlin, 2000, Springer.)

A B C
Fundamental Harmonic Pulse inversion
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contrast between the bubble and tissue, complicating the 
problem of detecting perfusion in tissue.

Tissue harmonics, although a hindrance to contrast 
imaging, are not necessarily a drawback. In fact, an image 
formed from tissue harmonics without the presence of 
contrast agents has many advantages over conventional 
imaging. These arise from the tissue harmonics that 
develop as the beam penetrates tissue, in contrast to the 
conventional beam, which is generated at the transducer 
surface.43,44 Artifacts that accrue from the first few cen-
timeters of tissue, such as reverberations, are reduced by 
using tissue harmonic imaging. Side lobe and other low-
level interference is also suppressed, making tissue har-
monic imaging the modality of choice in many situations, 
especially when visualizing fluid-filled structures.45

For contrast studies, however, the tissue harmonic 
limits the visibility of bubbles within tissue and therefore 
can be considered an artifact. In considering how to 
reduce it, the operator must keep in mind the differences 
between harmonics produced by tissue propagation and 
those created by bubble echoes. First, tissue harmonics 
require a high peak pressure and thus are only evident 
at high MI. Using low-MI contrast imaging, as is usually 
the case, leaves only the bubble harmonics. Second, har-
monics from tissue at high MI are continuous and sus-
tained, whereas those from bubbles at high MI are 
transient as the bubble disrupts.

Pulse Inversion Imaging

The most obvious, and historically the first, way to make 
an imaging method that preferentially displays harmonic 
echoes is simply to filter the transmitted sound so that 
it is centered around one frequency. The received sound 
is then filtered so that only components of about double 
that frequency will be detected (higher harmonics, 
although present in the echo, are too high in frequency 

to be detected by the transducer). This is second har-
monic imaging.

However, this imaging mode has problems. First, a 
pulse-echo system cannot transmit one frequency and 
must transmit a pulse containing a band of frequencies 
(Fig. 3-10, A). Similarly, the received band of frequen-
cies must be restricted to those lying around the second 
harmonic. If these two regions overlap (Fig. 3-10, B), 
the harmonic filter will receive echoes from ordinary 
tissue, thus reducing the contrast between the agent and 
the tissue. If the two regions do not overlap, the range 
of frequencies (or bandwidth) of the echoes displayed 
will be so narrow as to compromise the resolution of the 
image. A further drawback of the filtering approach is 
that if the received echo is weak, the overlapping region 
between the transmit and receive frequencies becomes a 
larger portion of the entire received signal (Fig. 3-10, C).

Thus, contrast in the harmonic image depends on 
how strong the echo is from the bubbles, which is deter-
mined by the concentration of bubbles and the intensity 
of the incident ultrasound pulse. In practice, this forces 
use of a high MI in harmonic mode, resulting in tran-
sient, irreversible disruption of the bubbles.46 As the 
bubbles enter the scan plane of a real-time ultrasound 
image, they provide an echo but then disappear. Thus, 
in such a harmonic image, vessels that lie within the scan 
plane are not visualized as continuous tubular structures, 
but instead have a punctate appearance (Fig. 3-11).

Pulse inversion imaging overcomes the conflict 
between the requirements of contrast and resolution in 
harmonic imaging and provides greater sensitivity, thus 
allowing low–incident power, nondestructive, continu-
ous imaging of microbubbles in an organ such as the 
liver. The method also relies on the asymmetric oscilla-
tion of an ultrasound bubble in an acoustic field, although 
it detects “even” nonlinear components of the echo over 
the entire bandwidth of the transducer.

FIGURE 3-9. Harmonic 
power Doppler. Doppler 
image of experimental tumor  
(VX2 carcinoma) 1 cm in diame-
ter shows clear separation of the 
enhanced blood signal by contrast-
specific harmonic imaging.
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FIGURE 3-10. Compromises forced by harmonic 
imaging. A, In harmonic imaging the transmitted frequencies 
must be restricted to a band around the fundamental echo, and 
the received frequencies must be limited to a band around the 
second harmonic. This limits resolution. B, If the transmit and 
receive bandwidths are increased to improve resolution, some 
fundamental echoes from tissue will overlap the receive bandwidth 
and will be detected, reducing contrast between agent and tissue. 
C, When the harmonic echoes are weak because of low agent 
concentration or low incident pulse intensity, this overlap will be 
especially large, and the harmonic signal may be composed mainly 
of tissue echoes.
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FIGURE 3-11. Appearance of blood vessels using 
harmonic B-mode imaging in patient with incidental 
hemangioma. Note that large vessels have a punctate appearance 
as the high-MI ultrasound disrupts the bubbles as they enter the 
scan plane. (From Becher H, Burns PN. Handbook of contrast 
echocardiography. Berlin, 2000, Springer.)

In pulse inversion (also known as phase inversion) 
imaging, two pulses are sent in rapid succession into the 
tissue. The second pulse is a mirror image of the first 
(Fig. 3-11); that is, it has undergone a 180-degree phase 
change. The scanner detects the echo from these two 
successive pulses and forms their sum. For ordinary 
tissue, which behaves in a linear manner, the sum of two 
inverted pulses is simply zero. For an echo with nonlin-
ear components, such as from a bubble, the echoes pro-
duced from these two pulses will not be simple mirror 
images of each other, because of the asymmetric behavior 
of the bubble radius with time. The result is that the sum 
of these two echoes is not zero. Thus, a signal is detected 
from a bubble but not from tissue. It can be shown 
mathematically that this summed echo contains the non-
linear “even” harmonic components of the signal, includ-
ing the second harmonic.47 One advantage of pulse 
inversion over the filter approach to detect harmonics 
from bubbles is eliminating the restriction of bandwidth. 
The full frequency range of sound emitted from the 
transducer can be detected in this way, providing a full-
bandwidth, high-resolution image of the echoes from 
bubbles.48

Pulse inversion imaging provides better suppression of 
linear echoes than harmonic imaging and is effective over 
the full bandwidth of the transducer, showing improve-
ment of image resolution over harmonic mode (Fig. 
3-12). Because this detection method is a more efficient 
means of isolating the bubble echo, weaker echoes from 
bubbles insonated at low, nondestructive intensities can 
be detected. As the MI increases, however, tissue har-
monic renders the tissue brighter. Indeed, pulse inver-
sion is now the preferred method in many systems for 
tissue harmonic imaging. Optimal pulse inversion con-
trast imaging thus is often performed at low MI. The 
principle of pulse inversion is the basis of many imaging 
modes, including coherent contrast imaging and 
ensemble harmonic imaging.
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Pulse Inversion Doppler Imaging

Despite the improvements offered by pulse inversion 
over harmonic imaging for suppressing stationary tissue, 
the method is somewhat sensitive to echoes from moving 
tissue. Tissue motion causes linear echoes to change 
slightly between pulses, so they do not cancel perfectly. 
Furthermore, at high MI, nonlinear propagation also 
causes harmonic echoes to appear in pulse inversion 
images, even from linear-scattering structures such as the 
liver parenchyma. Although tissue motion artifacts can 
be minimized by using a short pulse repetition interval, 
nonlinear tissue echoes can mask the echoes from 
bubbles, reducing the efficacy of microbubble contrast, 
especially when a high MI is used.

A recent development to address these problems 
involves a generalization of the pulse inversion method, 
called pulse inversion Doppler.47 This technique, also 
known as power pulse inversion imaging, combines the 
nonlinear detection performance of pulse inversion 
imaging with the motion discrimination capabilities of 
power Doppler. Multiple transmit pulses of alternating 
polarity are used, and Doppler signal-processing tech-
niques are applied to distinguish between bubble echoes 
and echoes from moving tissue or tissue harmonics, as 
determined by the operator. This method offers potential 
improvements in the contrast agent–to-tissue contrast 
and signal-to-noise performance, although at the cost of 
a somewhat reduced frame rate. The most dramatic man-
ifestation of this method’s ability to detect very weak 
harmonic echoes has been its first demonstration of real-
time perfusion imaging of the myocardium.49 By lower-
ing the MI to 0.1 or less, bubbles undergo stable, 
nonlinear oscillation, emitting continuous harmonic 
signals. Because of the low MI, very few bubbles are 
disrupted, so imaging can take place at real-time rates. 
Because sustained, stable, nonlinear oscillation is required 
for this method, perfluorocarbon gas bubbles work best.

Amplitude and Phase  
Modulation Imaging

On receiving the echoes from a pulse inversion sequence, 
the receiver combines them in a way that ensures that 
the mirrorlike echoes from tissues sum to zero. What 
remains is some combination of the nonlinear compo-
nents of the bubble echo. Changing (or modulating) the 
pulse from one transmission to the next by flipping its 
phase is only one of many available strategies. For 
example, by changing the amplitude of the pulse in 
consecutive transmissions and amplifying the echoes to 
compensate for this, linear echoes can also be canceled 
out. What is left now, however, is not just the even but 
all components of the nonlinear echoes from bubbles.50 
Precisely what nonlinear components are produced by a 
particular sequence of pulses can be determined mathe-
matically, and the contrast-specific imaging mode can be 
optimized for specific applications.51

Almost all diagnostic systems now use some form of 
multipulse modulation processing in their contrast-spe-
cific imaging modes, known as power modulation 
pulse inversion (PMPI) and contrast pulse sequence 
(CPS). As long as the peak negative pressure is kept low 
(<100 kPa) so that the bubble is not disrupted by the 
pulses, real-time imaging of perfusion can be achieved in 
many organ beds, including the myocardium, liver, 
kidney, skin, prostate, and breast, even in the presence 
of tissue motion. Because one performance criterion that 
improves detection of perfusion is complete suppression 
of background tissue, many contrast-specific images are 
quite black before the contrast agent is injected, making 
it difficult to scan the patient. Thus, side-by-side 
imaging, in which a simultaneous, low-MI, fundamen-
tal image is seen alongside (or superimposed on) the 
contrast image (Fig. 3-13), has become a preferred 
method for detecting small lesions or guiding interven-
tional devices such as needles or ablation probes, whose 
echoes are visible in the fundamental image but sup-
pressed in the contrast image.

The technology for low-MI, real-time, bubble-specific 
imaging in commercial ultrasound systems has stabilized 
over recent years, but clinical applications are still 
expanding, especially in tumor imaging, which in turn 
presents new challenges for this imaging methodology.

Temporal Maximum-Intensity 
Projection Imaging

One clinically striking elaboration of contrast-specific 
imaging exploits the sufficient sensitivity of detecting 
and displaying echoes from individual bubbles in real 
time. By creating the equivalent of an “open shutter” 
photograph, where bright objects create tracks of their 
own motion, the bubbles can be made to trace the mor-
phology of the microvessels that contain them. The 
result, known as temporal maximum-intensity  

FIGURE 3-12. Pulse inversion image of a hypervas-
cular liver mass in the arterial phase, made in real 
time at low MI. Note that the spatial resolution of this image is 
comparable to that of conventional imaging, reflecting the advan-
tage of a broad-bandwidth, contrast-specific image.



Chapter 3 ■ Contrast Agents for Ultrasound  65

projection (temporal MIP) imaging, can produce a 
detailed picture of vascular morphology lasting a few 
seconds or the duration of a breath hold (Fig. 3-14). 
Usually, the MIP process is initiated after a “flash,” 
which disrupts the bubbles within the scan plane. As new 
bubbles wash into the plane, their tracks are traced in an 
image that is integrated over a selected period of 100 
milliseconds to a few seconds.52 These images can also 
provide dynamic information; for example, revealing 
whether the pattern of arterial enhancement of a liver 
lesion is centripetal or centrifugal, the implications of 
which are under clinical investigation.53

TRANSIENT DISRUPTION: 
INTERMITTENT IMAGING

As the incident pressure to which a resonating bubble is 
exposed increases, its oscillation becomes wilder, with 
the radius increasing in some bubbles by a factor of five 
or more during the rarefaction phase of the incident 
sound. Just as a good soprano can shatter a wine glass 
by singing at its resonant frequency, so a microbubble, 
if driven by higher-amplitude ultrasound, will sustain 
irreversible disruption of its shell. A physical picture of 
precisely what happens to a disrupted bubble has emerged 
from video studies using cameras with frame rates up to 
25 million pictures per second54,55 (Fig. 3-15). It seems 
certain, however, that the bubble shell disappears (not 
instantly, but over a period determined by bubble com-
position) and releases free gas, which forms a highly 
effective acoustic scatterer, giving strong, nonlinear 

FIGURE 3-13. Side-by-side 
imaging shows a low-MI 
real-time conventional 
image (right) at the same 
time as low-MI contrast-
specific image (left). This is 
particularly useful for characteriz-
ing small lesions and for guiding 
interventional devices. The con-
trast mode here combines phase 
and amplitude modulation.

FIGURE 3-14. Temporal maximum-intensity pro-
jection (MIP). Temporal MIP image of normal liver vascula-
ture shows accumulated enhancement in 11 seconds after contrast 
material arrives in liver. Unprecedented depiction of vessel struc-
ture to fifth-order branching is evident. Focal unenhanced region 
(arrow) is a slowly perfusing hemangioma. (From Wilson SR, Jang 
HJ, Kim TK, et al. Real-time temporal maximum-intensity-projec-
tion imaging of hepatic lesions with contrast-enhanced sonography. 
AJR Am J Roentgenol 2008;190:691-695.)

1 cm
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echoes for a brief time. This process was once incorrectly 
thought to constitute a release of energy, like a balloon 
bursting, and was wrongly termed “stimulated acoustic 
emission.”

Intermittent imaging has a twofold use. First, it rep-
resents a very sensitive way to detect a bubble,56 but 
because it results in the bubble’s disruption, it cannot be 
performed continuously. Replenishment of bubbles in a 
typical microvascular bed takes 5 to 10 seconds. The 
technique of imaging with high MI every few seconds to 
display perfusion is called triggered or “interval delay” 
imaging.57 Second, the degree to which a region is 
replenished by bubbles between insonations separated by 
a fixed interval reflects the flow rate of blood into the 
scan plane and provides a unique method to measure 
tissue perfusion.

Triggered Imaging

Early studies of harmonic imaging found that pressing 
the freeze button on a scanner for a few moments, thus 
interrupting the acquisition of ultrasound images during 
a contrast study, could increase the effectiveness of a 
contrast agent. So dramatic is this effect that it was 
responsible for the first ultrasound images of myocardial 
perfusion using harmonic imaging.58 This results from 
the ability of the ultrasound field, if its peak pressure is 
sufficiently high, to disrupt a bubble’s shell and destroy 
it.46 As the bubble is disrupted, it releases energy, creat-
ing a strong, transient echo rich in harmonics. This 
process is also incorrectly referred to as “stimulated 
acoustic emission.” The transient nature of this echo can 
be exploited for its detection. One simple method is to 
subtract from a disruption image a baseline image 
obtained either before or (more usefully) immediately 
after insonation. Such a method requires offline process-
ing of stored ultrasound images, together with software 
that can align the ultrasound images before subtraction, 
and is useful only in rare circumstances.57

Intermittent Harmonic Power 
Doppler for Bubble Detection

Power Doppler imaging was developed as a way to detect 
the movement of targets such as red blood cells in a 

vessel. It works by a simple, pulse-to-pulse subtraction 
method,59 in which two or more pulses are sent succes-
sively along each scan line of the image. Pairs of received 
echo trains are compared for each line. If they are identi-
cal, nothing is displayed, but if there is a change (from 
tissue motion between pulses), a color is displayed whose 
saturation is related to the amplitude of the echo that 
has changed. This method, although not designed for 
the detection of bubble disruption, is ideally suited for 
high-MI “disruption” imaging. The first pulse receives 
an echo from the bubble, and the second receives none, 
so the comparison yields a strong signal. Power Doppler 
may be seen as a line-by-line subtraction procedure on 
the radiofrequency echo detected by the transducer. 
Interestingly, pulse inversion imaging, the most common 
method at low MI, becomes equivalent to power Doppler 
if the MI is high and the bubble disrupted. Figure 3-16 
clearly shows that if the echo from the second pulse is 
absent (because the bubble is gone), the sum of the two 
bubble echoes is the same as their difference, which is 
what is measured by power Doppler. The fact that the 
second transmitted pulse is inverted is immaterial for the 
bubble that has disappeared! Thus, at high MI, power 
or pulse inversion Doppler becomes a sensitive way to 
detect bubbles, whether they are moving or not.

This method has been incorporated into modes spe-
cifically adapted to detect the distribution of bubbles 
taken up in the Kupffer cells in the postvascular phase 
of such agents as Levovist and Sonazoid. The transducer 
is slowly swept through the liver minutes after the agent 
has left the vascular system; as it does so, the high-MI 
pulses disrupt the in situ bubbles and are detected in the 
image. Figure 3-17 shows such an image, in which the 
defect in liver uptake represents the Kupffer cell–poor 
region of a cholangiocarcinoma. The preferred modes for 
this method are pulse inversion, which has the advantage 
of high-resolution imaging but the disadvantage of a 
strong tissue harmonic background, or power Doppler 
modes, such as Harmonic Power Angio or Agent 
Detection Imaging (ADI). Many systems offer a low-MI 
“monitor” mode that can be used to provide a contrast-
specific or fundamental image of the liver during the 
scan sweep that, when blended with the high-MI con-
trast mode, can be helpful to keep the scan plane aligned 
in the region of interest.

FIGURE 3-15. Fragmentation of contrast agent. These frame images were captured over 50 nanoseconds with a high-speed 
camera by researchers at the University of California, Davis. The bubble is insonated with 2.4-MHz ultrasound with a peak negative 
pressure of 1.1 MPa (MI ~0.7). The bubble is initially 3 µm in diameter and fragments during compression after the first expansion. 
Resulting bubble fragments are not seen after insonation, because they are either fully dissolved or below the optical resolution. (From 
Becher H, Burns PN. Handbook of contrast echocardiography. Berlin, 2000, Springer.)

5 µm
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FIGURE 3-16. Basic principle 
of pulse inversion imaging. A 
pulse of sound is transmitted into the 
body, and echoes are received from 
agent and tissue. A second pulse, 
which is an inverted copy of the first, 
is then transmitted in the same direc-
tion, and the two resulting echoes are 
summed. Linear echoes from tissue 
are inverted copies of each other and 
cancel to zero. The microbubble 
echoes are distorted copies of each 
other, so that the even nonlinear com-
ponents of these echoes will reinforce 
each other when summed, producing 
a strong harmonic signal.
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FIGURE 3-17. High-MI power Doppler used to 
detect Levovist bubbles by disruption during their post-
vascular phase in the liver. The bubbles are detected within the 
Kupffer cells. The signal defect around the porta hepatis is a 
cholangiocarcinoma that was not detected in the precontrast 
image.

Disruption-Replenishment Imaging: 
Measuring Perfusion

By disrupting bubbles and monitoring replenishment to 
a region of tissue, contrast ultrasound offers a unique, 
noninvasive, and validated60 method for the measure-
ment of microvascular perfusion. In the disruption-
replenishment method,61 microbubbles are infused at a 
steady rate until a steady enhancement is achieved 

throughout the vascular system. The bubbles are then 
disrupted by a high-MI “flash,” which clears them from 
the scan plane (Fig. 3-18). Immediately, new bubbles 
begin to wash in, at a rate related to the local flow veloc-
ity and flow rate, which can be extracted from a physical 
model of the process.62

An important application for such measurement is in 
assessing the response of tumors and other organs to 
therapies that target the vasculature. In cancer therapy, 
many new treatment strategies have been proposed that 
target the proliferating vasculature of a developing 
tumor, including drugs specifically designed to inhibit 
the angiogenic transformation itself.63 Such antiangio-
genic or vascular-disrupting drugs have the effect of shut-
ting down the tumor circulation and inhibiting further 
growth. They do not in themselves kill cancer cells, so 
the tumor often responds without shrinking in size; thus 
the need for a functional test to determine drug response. 
Experience to date suggests that dynamic contrast-
enhanced ultrasound, with its advantage of high sensitiv-
ity, portability, and a pure intravascular tracer, is a strong 
candidate for this role.64-68

SUMMARY OF  
BUBBLE-SPECIFIC IMAGING

Three regimens of behavior of bubbles in an acoustic 
field have been defined, which depend on the amplitude 
and frequency of the transmitted ultrasound beam (see 
Table 3-2). In practice, this exposure is best monitored 
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FIGURE 3-18. Disruption-replenishment imaging to quantify blood flow. Patient with renal cell carcinoma is under-
going antiangiogenic treatment. Sequence of side-by-side contrast images (right, conventional image; left, simultaneous contrast enhanced 
sonogram) of a large renal cell carcinoma is made during a steady intravenous infusion of the agent Definity. A, Time (t) = –1 second; 
the tumor is enhanced. B, Time = 0 second; a brief, high-MI “flash” disrupts bubbles within the scan plane. 

A

B

t = –1 sec (enhanced)

t = 0 sec (flash)
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Continued

C, Time = 1 second; new bubbles begin to wash into the scan plane. D, E, and F, Time = 4, 8, and 18 
seconds, respectively, after flash; the scan plane is fully replenished. 

C

D

t = 1 sec after flash

t = 4 sec after flash

FIGURE 3-18, cont’d.
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E

F

t = 8 sec after flash

t = 18 sec after flash

FIGURE 3-18, cont’d. 
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G

G, Analysis software (Q-Lab, Philips Ultrasound, Bothell, Wash) measures wash-in of a region of interest from 
the cineloop record in a similar case. The steeper the slope, the greater the flow rate; the higher the asymptote, the greater the vascular 
volume. Disruption-replenishment imaging thus allows quantitation of changes in tumor flow and total vascular volume.

FIGURE 3-18, cont’d. 

raises new questions about the hazard potential. When 
a bubble produces the brief echo associated with its 
disruption, it releases energy that it has stored during its 
exposure to the ultrasound field. Can this energy damage 
the surrounding tissue? At higher exposure levels,  
ultrasound is known to produce biologic effects (bioef-
fects) in tissue, the thresholds for which have been 
studied extensively.69 Do these thresholds change when 
bubbles are present in the vasculature? Whereas the 
safety of ultrasound contrast agents as drugs has been 
established to the satisfaction of the most stringent 
requirements of the regulating authorities in a number 
of countries, much remains to be learned about the 
interaction between ultrasound and tissue when bubbles 
are present.

The most extreme of these interactions is known as 
inertial cavitation, which refers to the rapid formation, 
growth, and collapse of a gas cavity in fluid as a result of 
ultrasound exposure. It was studied extensively before 
the development of microbubble contrast agents.70 In 
fact, most of the mathematical models used to describe 
contrast microbubbles were originally developed to 
describe cavitation.71 When sound waves of sufficient 
intensity travel through a fluid, the rarefactional half-
cycle of the sound wave can actually tear the fluid apart, 
creating spherical cavities within the fluid. The subse-
quent rapid collapse of these cavities during the compres-
sional half-cycle of the sound wave can focus large 
amounts of energy into a very small volume, raising the 
temperature at the center of the collapse to thousands of 

by means of the mechanical index displayed by the 
scanner. At very low MI, the bubbles act as simple but 
powerful echo enhancers. This regimen is most useful 
for spectral Doppler enhancement but is rarely used in 
the abdominal organs. At slightly higher intensities 
(bottom of range of those used diagnostically), the 
bubbles emit harmonics as they undergo nonlinear oscil-
lation. These nonlinear echoes can be detected by con-
trast-specific imaging modes, which generally rely on 
trains of low-MI pulses modulated in phase and/or 
amplitude. Pulse inversion imaging is an example of such 
a method. Finally, at the higher-intensity settings, com-
parable to those used in conventional scanning, the 
bubbles can be disrupted deliberately, creating a strong, 
transient echo. Detecting this echo with harmonic power 
Doppler is one of the most sensitive means available to 
image bubbles in very low concentration, but it comes 
at the price of destroying the bubble. Because of the long 
replenishment periods of tissue flow, intermittent 
imaging using an interval delay (in which the high-MI 
imaging is arrested) becomes necessary.

SAFETY CONSIDERATIONS AND 
REGULATORY STATUS

Contrast ultrasound examinations expose patients to 
ultrasound in a way that is identical to that of a normal 
ultrasound examination. However, the use of ultrasound 
pulses to disrupt bubbles that sit in microscopic vessels 
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kelvins, forming free radicals, and even emitting electro-
magnetic radiation.72

The concern over potential cavitation-induced bioef-
fects in diagnostic ultrasound has led to many experi-
mental studies assessing whether the presence of contrast 
microbubbles can act as cavitation seeds, potentiating 
bioeffects.73-78 This work has been reviewed by ter Haar79 
and twice by the World Federation for Ultrasound in 
Medicine and Biology.80,81 Although it has been shown 
that adding contrast agents to blood decreases the thresh-
old for cavitation and related bioeffects (e.g., hemolysis, 
platelet lysis), no significant effects have been reported 
in conditions that are comparable to the bubble concen-
trations and ultrasound exposure of a low-MI diagnostic 
clinical examination. It nonetheless remains prudent to 
practice an extension of the ALARA (as low as reason-
ably achievable) exposure principle to contrast ultra-
sound. The contrast ultrasound examination should 
expose the patient to the lowest MI, the shortest total 
acoustic exposure time, the lowest contrast agent 
dose, and the highest ultrasound frequency, consistent 
with obtaining adequate diagnostic information.

In the meantime, at least 3 million injections of 
microbubble contrast for clinical diagnosis have been 
performed worldwide. These injections are very well tol-
erated and have an excellent safety record, with postmar-
ket surveillance suggesting that the predominant cause 
of severe adverse events is anaphylactoid reaction, with 
an estimated rate of 1 in 7000 for both the perflutren 
microspheres approved for cardiac indications in the 
United States82 and the sulfur hexafluoride microspheres 
approved in Europe.83 This rate is comparable to that of 
most analgesics and antibiotics and lower than that for 
other imaging contrast agents, such as those used in CT 
imaging.84 A 2006 study of more than 23,000 injections 
of a microbubble contrast agent for abdominal diagnosis 
in Europe showed no deaths and two serious adverse 
events, giving a measured serious adverse event rate of 
less than 1:10,000.83

Although there is currently no FDA-approved radio-
logic indication in the United States, there is extensive 
experience with ultrasound contrast in the echocardiol-
ogy laboratory. In 2008, Kusnetsky et al.85 reviewed 
more than 18,671 hospitalized patients undergoing 
echocardiography in an acute setting in a single U.S. 
center and reported no effect on mortality from using 
contrast in this group.85 In 2008, Main et al.86 analyzed 
registry data from 4,300,966 consecutive patients who 
underwent transthoracic echocardiography at rest during 
hospitalization; 58,254 of these patients were given the 
contrast agent Definity. Acute crude mortality was no 
different between groups, but multivariate analysis 
revealed that in patients undergoing echocardiography, 
those receiving the contrast agent were 24% less likely 
to die within 1 day than patients not receiving contrast. 
Nonetheless, after four deaths of acutely ill cardiac 
patients, North American labeling currently advises 

caution when using microbubble agents in patients with 
severe cardiopulmonary compromise.87-89

At least one contrast agent is under current clinical 
development in the United States, seeking the first FDA 
approval for a “radiology” indication.

FUTURE OF  
MICROBUBBLE TECHNOLOGY

Development of microbubble technology is likely to 
focus on at least two main areas. First, the potential for 
functional information yielded by the bubbles is increased 
by active targeting to a specific cellular or molecular 
process. Thus a bubble attaches itself to the cells lining 
blood vessels (endothelial cells) that are involved in a 
disease process such as inflammation (in atherosclero-
sis)90 or proliferation (in cancer).91 This is achieved by 
attaching ligands to the surface of the lipid shell, such as 
a peptide and an antibody.92 Antibodies to factors such 
as VCAM, a marker of inflammation, and VEGF recep-
tor 2, a marker of vascular proliferation, have already 
been shown to effectively make bubbles “stick” selec-
tively to the endothelial surface93 (Fig. 3-19). This form 
of molecular imaging has potential applications in iden-
tifying the target and assessing the effectiveness of new 
therapies.94

In the second application, the bubbles are used as a 
potentiator of the therapy itself. Bubbles can concen-
trate and lower the threshold for thermal tissue damage 
in high-intensity focused ultrasound (HIFU) treat-
ments. They can also have the effect of opening or 
making the endothelial layer permeable, even the blood-
brain barrier.95 This allows drugs to pass through into a 
region of tissue selected by the ultrasound beam. The 
drugs may be circulating in the bloodstream or incor-
porated into the bubbles themselves. In the latter case, 
plasmid DNA, which cannot survive in the blood, can 
be carried in the bubble shell and released by acoustic 
disruption.96 Oscillation of the free gas near the cell 
membrane makes it permeable and allows the DNA to 
enter the cell. Both endothelial cells and myocytes have 
been successfully transfected in this potentially new 
form of gene therapy.97 Finally, the barrier of the endo-
thelium itself can be overcome by injecting liquid nano-
droplets, precursors of the gas contrast agents, allowing 
them to diffuse into the interstitium and then using 
external acoustic energy to activate them into gas bodies, 
which are both targeted and detectable98 and can be used 
to enhance therapy.99

The use of bubbles as molecular and cellular probes, 
their targeting as a means of detection as well as drug 
and gene delivery, and their use as focal potentiators for 
minimally invasive therapies are all applications in their 
infancy. The coming years are likely to see an unprece-
dented union of ultrasound imaging with a unique series 
of injectable constructs that will transport an already-
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versatile imaging modality to the forefront of the inter-
face between diagnosis and therapy.

CONCLUSION

Contrast agents for ultrasound are safe, effective, and 
well tolerated by patients. Unlike contrast agents for 
other imaging modalities, microbubbles are modified by 
the process used to image them. Understanding the 
behavior of bubbles while exposed to an ultrasound 
imaging beam is the key to performing an effective con-
trast ultrasound examination. The appropriate choice of 
a contrast-specific imaging method is based on the 
behavior of the agent and the requirements of the exami-
nation. The mechanical index (MI) is the major deter-
minant of the response of contrast bubbles to ultrasound. 
Low-MI harmonic and multipulse imaging offer real-
time, contrast-specific B-mode methods for perfusion 
imaging using perfluorocarbon agents approved for clini-
cal use in many countries. Future developments offer the 
intriguing prospect of molecular and cellular imaging, 
potentiated therapy, and drug and gene delivery, all with 
ultrasound and microbubbles.
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The liver is the largest organ in the human body, 
weighing approximately 1500 g in the adult. Because it 
is frequently involved in systemic and local disease, sono-
graphic examination is often requested to assess hepatic 
abnormality.

SONOGRAPHIC TECHNIQUE

The liver is best examined with real-time sonography, 
ideally after a 6-hour fast. Both supine and right anterior 
oblique views should be obtained. Sagittal, transverse, 
coronal, and subcostal oblique views are suggested using 
both a standard abdominal transducer and a higher-
frequency transducer. Many patients’ liver is tucked 
beneath the lower right ribs, so a transducer with a small 
scanning face, allowing an intercostal approach, is invalu-
able. Further, the recent introduction of volumetric 
imaging to ultrasound contributes greatly to the evalu-

ation of the liver as a single, appropriately selected acqui-
sition and may show virtually the entire liver, allowing 
for a rapid portrayal of liver anatomy, size, texture, and 
surface characteristics.1 Therefore, differentiation of the 
diffuse changes of cirrhosis and fatty liver from normal 
are enhanced by review of the videos (Videos 4-1 and 
4-2) of the acquisitions as well as the multiplanar recon-
structions (Fig. 4-1). Ultrasound also best demonstrates 
the relationship of focal liver masses to the vital vascular 
structures if surgical resection is contemplated.

NORMAL ANATOMY

The liver lies in the right upper quadrant of the abdomen, 
suspended from the right hemidiaphragm. Functionally, 
it can be divided into three lobes: right, left, and caudate. 
The right lobe of the liver is separated from the left by 
the main lobar fissure, which passes through the gall-

78



Chapter 4 ■ The Liver  79

4-3). The papillary process is the anteromedial exten-
sion of the caudate lobe, which may appear separate from 
the liver and mimic lymphadenopathy.

Understanding the vascular anatomy of the liver is 
essential to an appreciation of the relative positions of 
the hepatic segments. The major hepatic veins course 
between the lobes and segments (interlobar and inter-
segmental). They are ideal segmental boundaries but 
are visualized only when scanning the superior liver 
(Fig. 4-4). The middle hepatic vein courses within 
the main lobar fissure and separates the anterior segment 
of the right lobe from the medial segment of the left. 
The right hepatic vein runs within the right interseg-
mental fissure and divides the right lobe into anterior 
and posterior segments. In more caudal sections of the 
liver, the right hepatic vein is no longer identified; 
therefore the segmental boundary becomes a poorly 
defined division between the anterior and posterior 
branches of the right portal vein. The major branches 
of the right and left portal veins run centrally within 
the segments (intrasegmental), with the exception of 
the ascending portion of the left portal vein, which 
runs in the left intersegmental fissure. The left inter-
segmental fissure, which separates the medial segment 
of the left lobe from the lateral segment, can be divided 
into cranial, middle, and caudal sections. The left 
hepatic vein forms the boundary of the cranial third, 
the ascending branch of the left portal vein represents 
the middle third, and the fissure for the ligamentum 
teres acts as the most caudal division of the left lobe2 
(Table 4-1).

bladder fossa to the inferior vena cava (IVC) (Fig. 4-2). 
The right lobe of the liver can be further divided into 
anterior and posterior segments by the right interseg-
mental fissure. The left intersegmental fissure divides 
the left lobe into medial and lateral segments. The 
caudate lobe is situated on the posterior aspect of the 
liver, with the IVC as its posterior border and the fissure 
for the ligamentum venosum as its anterior border (Fig. 

FIGURE 4-1. Normal liver. Liver shown in a nine-on-one format from a volumetric acquisition acquired in the axial plane, with the 
center point on the long axis of the portal veins at the porta hepatis.

GB

IVC

LL

RL

FIGURE 4-2. Normal lobar anatomy. Right lobe of the 
liver (RL) can be separated from left lobe of the liver (LL) by the 
main lobar fissure that passes through the gallbladder fossa (GB) 
and inferior vena cava (IVC).
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phatics, and biliary drainage. Thus the surgeon may 
resect a segment of a hepatic lobe, providing the vascular 
supply to the remaining lobe is left intact. Each segment 
has a branch or branches of the portal vein at its center, 
bounded by a hepatic vein. There are eight segments. 
The right, middle, and left hepatic veins divide the liver 
longitudinally into four sections. Each of these sections 
is further divided transversely by an imaginary plane 
through the right main and left main portal pedicles. 
Segment I is the caudate lobe, segments II and III are 
the left superior and inferior lateral segments, respec-
tively, and segment IV, which is further divided into IVa 
and IVb, is the medial segment of the left lobe. The right 
lobe consists of segments V and VI, located caudal to 
the transverse plane, and segments VII and VIII, which 
are cephalad4-6 (Fig. 4-5). The caudate lobe (segment I) 
may receive branches of both the right and the left  
portal vein. In contrast to the other segments, segment 
I has one or several hepatic veins that drain directly  
into the IVC.

The portal venous supply for the left lobe can be 
visualized using an oblique, cranially angled subxiphoid 
view (recurrent subcostal oblique projection). A “recum-
bent H” is formed by the main left portal vein, the 
ascending branch of the left portal vein, and the branches 
to segments, II, III, and IV7 (Fig. 4-6). Segments II and 
III are separated from segment IV by the left hepatic 
vein, as well as by the ascending branch of the left portal 
vein and the falciform ligament. Segment IV is separated 
from segments V and VIII by the middle hepatic vein 
and the main hepatic fissure.

The portal venous supply to the right lobe of the 
liver can also be seen as a recumbent H. The main 
right portal vein gives rise to branches that supply seg-
ments V and VI (inferiorly) and VII and VIII (superi-
orly). They are seen best in a sagittal or oblique sagittal 
plane7 (Fig. 4-6).

Couinaud’s Anatomy

Because sonography allows evaluation of liver anatomy 
in multiple planes, the radiologist can precisely localize 
a lesion to a given segment for the surgeon. Couinaud’s 
anatomy is now the universal nomenclature for hepatic 
lesion localization3 (Table 4-2). This description is based 
on portal segments and is of both functional and 
pathologic importance. Each segment has its own blood 
supply (arterial, portal venous, and hepatic venous), lym-

BA

CL
CL

FIGURE 4-3. Caudate lobe. A, Sagittal view, and B, transverse view, show the caudate lobe (CL) separated from the left lobe by 
the fissure for the ligamentum venosum (arrows) anteriorly. Posterior is the inferior vena cava.

MHV LHV

RHV

FIGURE 4-4. Hepatic venous anatomy. The three 
hepatic veins—right (RHV), middle (MHV), and left (LHV)—are 
interlobar and intersegmental, separating the lobes and segments. 
At the level of the hepatic venous confluence with the inferior 
vena cava, the right hepatic vein separates the right posterior 
segment (segment 7) from the right anterior segment (segment 8). 
The left hepatic vein separates the left medial segment from the 
left lateral segment. The middle hepatic vein separates the right 
and left lobes. As shown here, the hepatic veins are best seen on 
a subcostal oblique view.
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of the left triangular ligament. The most lateral portion 
of the coronary ligament is known as the right triangular 
ligament (Fig. 4-10). The peritoneal layers that form the 
coronary ligament are widely separated, leaving an area 
of the liver not covered by peritoneum. This posterosu-
perior region is known as the bare area of the liver. The 
ligamentum venosum carries the obliterated ductus 
venosus, which until birth shunts blood from the umbili-
cal vein to the IVC.

Hepatic Circulation

Portal Veins

The liver receives a dual blood supply from both the 
portal vein and the hepatic artery. Although the portal 
vein carries incompletely oxygenated (80%) venous 
blood from the intestines and spleen, it supplies up to 
half the oxygen requirements of the hepatocytes because 
of its greater flow. This dual blood supply explains the 
low incidence of hepatic infarction.

The portal triad contains a branch of the portal 
vein, hepatic artery, and bile duct. These are contained 
within a connective tissue sheath that gives the portal 
vein an echogenic wall on sonography and that distin-
guishes it from the hepatic veins, which have an almost 
imperceptible wall. The main portal vein divides into 
right and left branches. The right portal vein has an 
anterior branch that lies centrally within the anterior 
segment of the right lobe and a posterior branch that 
lies centrally within the posterior segment of the right 
lobe. The left portal vein initially courses anterior to 
the caudate lobe. The ascending branch of the left portal 
vein then travels anteriorly in the left intersegmental 
fissure to divide the medial and lateral segments of the 
left lobe.

The oblique subxiphoid view shows the right portal 
vein in cross section and enables identification of the 
more superiorly located segment VIII (closer to conflu-
ence of hepatic veins) from segment V. Segments V and 
VIII are separated from segments VI and VII by the right 
hepatic vein.7

Ligaments

The liver is covered by a thin connective tissue layer 
called Glisson’s capsule. The capsule surrounds the 
entire liver and is thickest around the IVC and the porta 
hepatis. At the porta hepatis, the main portal vein, the 
proper hepatic artery, and the common bile duct are 
contained within investing peritoneal folds known as the 
hepatoduodenal ligament (Fig. 4-7). The falciform 
ligament conducts the umbilical vein to the liver during 
fetal development (Fig. 4-8). After birth, the umbilical 
vein atrophies, forming the ligamentum teres (Fig 4-9). 
As it reaches the liver, the leaves of the falciform ligament 
separate. The right layer forms the upper layer of the 
coronary ligament; the left layer forms the upper layer 

TABLE 4-1. NORMAL HEPATIC ANATOMY: STRUCTURES USEFUL FOR IDENTIFYING 
HEPATIC SEGMENTS

Structure Location Usefulness

RHV Right intersegmental fissure Divides cephalic aspect of anterior and posterior segments 
of right lobe

MHV Main lobar fissure Separates right and left lobes
LHV Left intersegmental fissure Divides cephalic aspect of medial and lateral segments of 

left lobe
RPV (anterior branch) Intrasegmental in anterior segment of right lobe Courses centrally in anterior segment of right lobe
RPV (posterior branch) Intrasegmental in posterior segment of right lobe Courses centrally in posterior segment of right lobe
LPV (horizontal segment) Anterior to caudate lobe Separates caudate lobe posteriorly from medial segment of 

left lobe anteriorly
LPV (ascending segment) Left intersegmental fissure Divides medial from lateral segment of left lobe
GB fossa Main lobar fissure Separates right and left lobes
Fissure for ligamentum teres Left intersegmental fissure Divides caudal aspect of left lobe into medial and lateral 

segments
Fissure for ligamentum venosum Left anterior margin of caudate lobe Separates caudate lobe posteriorly from left lobe anteriorly

Modified from Marks WM, Filly RA, Callen PW. Ultrasonic anatomy of the liver: a review with new applications. J Clin Ultrasound 1979;7:137-146.
RHV, Right hepatic vein; MHV, middle hepatic vein; LHV, left hepatic vein; RPV, right portal vein; LPV, left portal vein; GB, gallbladder.

TABLE 4-2. HEPATIC ANATOMY

Couinaud Traditional

Segment I Caudate lobe
Segment II Lateral segment left lobe (superior)
Segment III Lateral segment left lobe (inferior)
Segment IV Medial segment left lobe
Segment V Anterior segment right lobe (inferior)
Segment VI Posterior segment right lobe (inferior)
Segment VII Posterior segment right lobe (superior)
Segment VIII Anterior segment right lobe (superior)
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The hepatic veins vary in number and position. However, 
in the general population, there are three major veins: 
the right, middle, and left hepatic veins (see Fig. 4-4). 
All drain into the IVC and, as with the portal veins, are 
without valves. As discussed earlier, the right hepatic vein 
is usually single and runs in the right intersegmental 
fissure, separating the anterior and posterior segments of 
the right lobe. The middle hepatic vein, which courses 
in the main lobar fissure, forms a common trunk with 
the left hepatic vein in most cases. The left hepatic vein 
forms the most cephalad boundary between the medial 
and lateral segments of the left lobe.

Arterial Circulation

The branches of the hepatic artery accompany the 
portal veins. The terminal branches of the portal vein 
and their accompanying hepatic arterioles and bile ducts 
are known as the acinus.

Hepatic Venous System

Blood perfuses the liver parenchyma through the sinu-
soids and then enters the terminal hepatic venules. These 
terminal branches unite to form sequentially larger veins. 
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FIGURE 4-5. Couinaud’s functional segmental anatomy. A, The liver is divided into nine segments. Blue longitudinal 
boundaries (right, middle, and left scissurae) are three hepatic veins. Transverse plane is defined by right main and left main portal pedicles. 
Segment I, caudate lobe, is situated posteriorly. RHV, Right hepatic vein; MHV, middle hepatic vein; LHV, left hepatic vein; RPV, right 
portal vein; LPV, left portal vein; GB, gallbladder. B, Corresponding sonogram shows the main portal vein with its right and left branches. 
The plane through the right and left branches is the transverse separation of the liver segments. Cephalad to this level lie segments II, 
IVa, VII, and VIII. Caudally located are segments III, IVb, V, and VI. (From Sugarbaker PH: Toward a standard of nomenclature for surgi-
cal anatomy of the liver. Neth J Surg 1988;PO:100.)
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FIGURE 4-6. Portal venous anatomy in two patients. A, Best seen with a subcostal oblique view, the main portal vein is 
formed by the union of the right and left portal venous branches at the porta hepatis. B, Segmental branches of the right and left portal 
veins are marked. Well seen is the recumbent-H shape of the left portal venous bifurcation, made from the ascending and horizontal left 
portal vein and the segmental branches to 2, 3, and 4.
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BA

MPV PRPV

ALPV

FIGURE 4-7. Porta hepatis. A, Sagittal image of the porta hepatis shows the common bile duct (arrow) and main portal vein (MPV), 
which are enclosed within the hepatoduodenal ligament. B, Transverse image of the porta hepatis shows the right and left portal vein 
branches. PRPV, Posterior right portal vein; ALPV, ascending left portal vein.

BA

C D

FIGURE 4-8. Falciform ligament. Contained fat helps in its localization. A, Sagittal image through falciform ligament. B, Subcostal 
oblique view of falciform ligament. C, Location of the fat just anterior to the ascending branch of the left ascending portal vein branch. 
D, Cephalad extent of the fat in the location of the ligament between the middle and the left hepatic veins.
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Ligamentum teres (round ligament)
(obliterated umbilical vein)

Falciform
ligament

Coronary
ligament

Left triangular
ligament

Right triangular
ligament

Diaphragm

FIGURE 4-9. Hepatic ligaments. Diagram of anterior 
surface of the liver.

FIGURE 4-10. Right triangular ligament. Subcostal 
oblique scan near dome of right hemidiaphragm (curved arrows). 
Note lobulated contour and inhomogeneity of liver in this patient 
with cirrhosis. Right triangular ligament (straight arrows) is visual-
ized because of ascites.

Normal Liver Size and Echogenicity

The upper border of the liver lies approximately at the 
level of the fifth intercostal space at the midclavicular 
line. The lower border extends to or slightly below the 
costal margin. An accurate assessment of liver size is 
difficult with real-time ultrasound equipment because of 
the limited field of view. Gosink and Leymaster8 pro-
posed measuring the liver length in the midhepatic line. 
In 75% of patients with a liver length of greater than 
15.5 cm, hepatomegaly is present. Niederau et al.9 mea-
sured the liver in a longitudinal and anteroposterior 
diameter in both the midclavicular line and the midline 
and correlated these findings with gender, age, height, 
weight, and body surface area. They found that organ 
size increases with height and body surface area and 
decreases with age. The mean longitudinal diameter of 
the liver in the midclavicular line in this study was 

10.5 cm, with standard deviation (SD) of 1.5 cm, and 
the mean midclavicular anteroposterior diameter was 
8.1 cm (SD 1.9 cm). In most patients, measurement of 
the liver length suffices to measure liver size. Reidel’s 
lobe is a tonguelike extension of the inferior tip of the 
right lobe of the liver, frequently found in asthenic 
women.

The normal liver is homogeneous, contains fine- 
level echoes, and is either minimally hyperechoic or 
isoechoic compared to the normal renal cortex (Fig. 
4-11, A). The liver is hypoechoic compared to the spleen. 
This relationship is evident when the lateral segment of 
the left lobe is elongated and wraps around the spleen 
(Fig. 4-11, B).

DEVELOPMENTAL ANOMALIES

Agenesis

Agenesis of the liver is incompatible with life. Agenesis 
of both right and left lobes has been reported.10,11 In 
three of five reported cases of agenesis of the right lobe, 
the caudate lobe was also absent.11 Compensatory hyper-
trophy of the remaining lobes normally occurs, and liver 
function tests are normal.

Anomalies of Position

In situs inversus totalis (viscerum), the liver is found 
in the left hypochondrium. In congenital diaphrag-
matic hernia or omphalocele, varying amounts of liver 
may herniate into the thorax or outside the abdominal 
cavity.

Accessory Fissures

Although invaginations of the dome of the diaphragm 
have been called “accessory fissures,” these are not true 
fissures but rather diaphragmatic slips. They are a cause 
of pseudomasses on sonography if the liver is not care-
fully examined in both sagittal and transverse planes 
(Fig. 4-12). True accessory fissures are uncommon and 
are caused by an infolding of peritoneum. The inferior 
accessory hepatic fissure is a true accessory fissure that 
stretches inferiorly from the right portal vein to the 
inferior surface of the right lobe of the liver.12

Vascular Anomalies

The common hepatic artery arises from the celiac axis 
and divides into right and left branches at the porta 
hepatis. This classic textbook description of the hepatic 
arterial anatomy occurs in only 55% of the population. 
The remaining 45% have some variation of this anatomy, 
the main patterns of which are (1) replaced left hepatic 
artery originating from the left gastric artery (10%); (2) 
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rior segment of the right lobe (segment VIII) and is seen 
in approximately one third of the population. It usually 
empties into the middle hepatic vein, although occasion-
ally it joins the right hepatic vein.14 An inferior right 
hepatic vein, which drains the inferoposterior portion  
of the liver (segment VI), is observed in 10% of individu-
als. This inferior right hepatic vein drains directly into 
the IVC and may be as large as the right hepatic vein or 
larger.15 Left and right marginal veins, which drain into 
the left and right hepatic veins, occur in about 12%  
and 3% of individuals, respectively. Absence of the  
main hepatic veins is relatively less common, occurring  
in about 8% of people.15 Awareness of the normal 

replaced right hepatic artery originating from the  
superior mesenteric artery (11%); and (3) replaced 
common hepatic artery originating from the superior 
mesenteric artery (2.5%).

Congenital portal vein anomalies include atresias, 
strictures, and obstructing valves, all of which are uncom-
mon. Sonographic variations include absence of the right 
portal vein, with anomalies of branching from the main 
and left portal veins, and absence of the horizontal 
segment of the left portal vein.13

In contrast, variations in the branching of the hepatic 
veins and accessory hepatic veins are relatively common. 
The most common accessory vein drains the superoante-

BA

FIGURE 4-11. Normal liver echogenicity. A, The liver is more echogenic than the renal cortex. B, The liver is less echogenic 
than the spleen, as seen in many thin women, whose left lobe of the liver wraps around the spleen.
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RRCCa

FIGURE 4-12. Diaphragmatic slip. A, Sagittal sonogram shows echogenic mass (arrows) adjacent to right hemidiaphragm in this 
patient with right renal cell carcinoma (RRCCa). B, Subcostal oblique image reveals mass is diaphragmatic slip (arrows).
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a thickened wall, or may appear solid (Fig. 4-13, B). 
Active intervention is recommended only in symptom-
atic patients. Although aspiration will yield fluid for 
evaluation, the cyst with an epithelial lining will recur. 
Cyst ablation with alcohol can be performed using ultra-
sound guidance.17 Alternatively, surgical excision is indi-
cated. If thick septae or nodules are seen within liver 
cysts, computed tomography (CT) or contrast-enhanced 
ultrasound is recommended because biliary cystadeno-
mas and cystic metastases must be considered in the 
differential diagnosis of complex-appearing liver cysts 
(Fig. 4-14).

Peribiliary Cysts

Peribiliary cysts have been described in patients with 
severe liver disease.18 These cysts are small, 0.2 to 2.5 cm, 
and are usually located centrally within the porta hepatis 
or at the junction of the main right and left hepatic 
ducts. They generally are asymptomatic but may rarely 
cause biliary obstruction.18 Pathologically, peribiliary 
cysts are believed to represent small, obstructed periduc-
tal glands. Sonographically, they may be seen as discrete, 
clustered cysts or as tubular-appearing structures with 
thin septae, paralleling the bile ducts and portal veins.

variations of the hepatic venous system is helpful in 
accurately defining the location of focal liver lesions  
and aids the surgeon in segmental liver resection.

CONGENITAL ABNORMALITIES

Liver Cyst

A liver cyst is defined as a fluid-filled space with an epi-
thelial lining. Abscesses, parasitic cysts, and posttrau-
matic cysts therefore are not true cysts. The frequent 
presence of columnar epithelium within simple hepatic 
cysts suggests they have a ductal origin, although their 
precise cause is unclear. Their presentation at middle age 
is also unclear. Although once thought to be relatively 
uncommon, ultrasound examination has shown that 
liver cysts occur in 2.5% of the general population, 
increasing to 7% in the population older than 80 years.16

On sonographic examination, benign hepatic cysts 
are anechoic with a thin, well-demarcated wall and pos-
terior acoustic enhancement. Occasionally, the patient 
may develop pain and fever secondary to cyst hemor-
rhage or infection. In these patients the cyst may contain 
internal echoes (Fig. 4-13, A) and septations, may have 
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FIGURE 4-13. Liver cysts complicated by hemor-
rhage in two patients. A, Acute right upper quadrant pain 
in 46-year-old woman. Sagittal right lobe sonogram shows a well-
defined, subdiaphragmatic mass with uniform low-level internal 
echoes. This appearance could be misinterpreted as a solid mass. 
B, Transverse sonogram shows a large, well-defined mass with a 
complex but predominantly solid internal character. C, Enhanced 
computed tomography (CT) scan of the same patient in B shows 
a nonenhancing low-density mass consistent with a cyst. Ultra-
sound is superior to CT scan at characterization of a cystic mass.
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FIGURE 4-14. Biliary cystadenoma. A, Sagittal sonogram shows irregular liver cyst with thick septa and mural nodules. B, Surgi-
cal specimen.

Adult Polycystic Disease

The adult form of polycystic kidney disease is inherited 
in an autosomal dominant pattern. Liver cysts are associ-
ated with this condition in 57% to 74% of patients.19 
No correlation exists between the severity of the renal 
disease and the extent of liver involvement. Liver func-
tion tests (LFTs) are usually normal and, unlike the 
infantile autosomal recessive form of polycystic kidney 
disease, there is no association with hepatic fibrosis and 
portal hypertension. Indeed, if LFTs are abnormal, com-
plications of polycystic liver disease, such as tumor, cyst 
infection, and biliary obstruction, should be excluded.19

Biliary Hamartomas (von 
Meyenburg Complexes)

Bile duct hamartomas, first described by von Meyenburg 
in 1918,20 are small, focal developmental lesions of the 
liver composed of groups of dilated intrahepatic bile 
ducts set within a dense collagenous stroma.21 These 
benign liver malformations are detected incidentally in 
0.6% to 5.6% of reported autopsy series.22

Imaging features of von Meyenburg complexes 
(VMCs) are described in the literature in isolated case 
reports and a few small series, including sonographic, 
CT, and magnetic resonance imaging (MRI) appear-
ances.23 VMCs are often confused with metastatic cancer, 
and reports describe single, multiple, or most often innu-
merable well-defined solid nodules usually less than 
1 cm in diameter (Fig. 4-15). Nodules are usually uni-
formly hypoechoic23 and less frequently hyperechoic on 
sonography24,25 and hypodense on contrast-enhanced 
CT scan. Bright echogenic foci in the liver with distal 
“ringdown” artifact without obvious mass effect are also 
documented on sonograms on patients with VMCs (Fig. 
4-16). We believe that these echogenic foci could be 
related to the presence of tiny cysts beyond the resolution 
of the ultrasound equipment. VMCs are usually isolated, 

insignificant observations and may occur with other con-
genital disorders, such as congenital hepatic fibrosis and 
polycystic kidney or liver disease.22 Association of VMCs 
with cholangiocarcinoma has been suggested.26

INFECTIOUS DISEASES

Viral Hepatitis

Viral hepatitis is a common disease that occurs world-
wide. It is responsible for millions of deaths secondary 
to acute hepatic necrosis or chronic hepatitis, which in 
turn may lead to portal hypertension, cirrhosis, and 
hepatocellular carcinoma (HCC). Recent medical 
advances have identified at least six distinct hepatitis 
viruses: hepatitis A through E and G.27

FIGURE 4-15. Von Meyenburg complex in cancer 
patient. Sonogram shows a single, small, hypoechoic liver mass. 
With no other evidence of metastatic disease, a biopsy was per-
formed and proved the benign, insignificant nature of this lesion.
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prised to learn that the majority of cases of post-
transfusion hepatitis were not secondary to hepatitis 
B but to an unknown virus or viruses. It is now 
known that many cases do not result from percutane-
ous transmission, and that no source could be identified 
in almost 50% of patients with posttransfusion hepa-
titis. Acutely infected patients have a much greater 
risk of chronic infection, with up to 85% progressing 
to chronic liver disease. Chronic hepatitis C virus 
(HCV) infection is diagnosed by the presence of anti-
body to HCV (anti-HCV) in the blood. Hepatitis C 
is a major health problem in Italy and other Mediter-
ranean countries.

Hepatitis D, or delta hepatitis, is entirely dependent 
on HBV for its infectivity, requiring the HBsAg to 
provide an envelope coat for the hepatitis D virus 
(HDV). Its geographic distribution is therefore similar 
to that of hepatitis B. HDV is an uncommon infection 
in North America, occurring primarily in intravenous 
(IV) drug users.

Hepatitis A occurs throughout the world and can be 
diagnosed using serosurveys with the antibody to hepa-
titis A virus (anti-HAV) as the marker. The primary 
mode of spread is the fecal-oral route. In developing 
countries the disease is endemic and infection occurs 
early in life. Hepatitis A is an acute infection leading to 
complete recovery or death from acute liver failure.

Hepatitis B is transmitted parenterally (e.g., blood 
transfusions, needle punctures) as well as by nonpercu-
taneous exposure through sexual contact and at birth. 
Hepatitis B virus (HBV), unlike HAV, has a carrier state, 
which is estimated worldwide at 300 million. The regions 
of highest carrier rates (5%-20%) are Southeast Asia, 
China, sub-Saharan Africa, and Greenland. The two 
most useful markers for acute infection are hepatitis B 
surface antigen (HBsAg) and antibody to hepatitis B core 
antigen (anti-HBc).

Hepatitis C (predominantly) and hepatitis E 
were formerly called non-A, non-B (NANB) hepatitis, 
first recognized in 1974. U.S. investigators were sur-
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FIGURE 4-16. Von Meyenburg complex (VMC) artifacts in two patients. A, Sagittal, and B, transverse, images of the 
left lobe of the liver show multiple bright echogenic foci with “ringdown” artifact. Biopsy showed VMC. C, Sagittal, and D, transverse, 
images of the right lobe in an asymptomatic patient show echogenic foci with distal ringdown artifact.
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soids, and infiltration of the portal areas by lymphocytes 
and monocytes. The sonographic features parallel the 
histologic findings. The liver parenchyma may have a 
diffusely decreased echogenicity, with accentuated 
brightness of the portal triads or periportal cuffing 
(Figs. 4-17 and 4-18, A and B). Hepatomegaly and 
thickening of the gallbladder wall are associated find-
ings30 (Figs. 4-17 and 4-18, C and D). In most patients 
the liver appears normal.31 Most cases of chronic 
hepatitis are also sonographically normal. When cirrho-
sis develops, sonography may demonstrate a coarsened 
echotexture and other morphologic changes of cirrhosis.

Bacterial Diseases

Pyogenic bacteria reach the liver by several routes, the 
most common being direct extension from the biliary 
tract in patients with suppurative cholangitis and chole-
cystitis. Other routes are through the portal venous 
system in patients with diverticulitis or appendicitis and 

Clinical Manifestations

Uncomplicated acute hepatitis implies clinical recovery 
within 4 months. It is the outcome of 99% of cases of 
hepatitis A.

Subfulminant and fulminant hepatic failure follows 
the onset of jaundice and includes worsening jaundice, 
coagulopathy, and hepatic encephalopathy. Most cases of 
hepatic failure are caused by hepatitis B or drug toxicity 
and are characterized by hepatic necrosis. Death occurs 
if the loss of hepatic parenchyma is greater than 40%.28

Chronic hepatitis is defined as the persistence of 
biochemical abnormalities beyond 6 months. It has 
many etiologies other than viral, including metabolic 
(e.g., Wilson’s disease, alpha-1 antitrypsin deficiency, 
hemochromatosis), autoimmune, and drug induced. 
The prognosis and treatment of chronic hepatitis depend 
on the specific etiology.29

In acute hepatitis, there is diffuse swelling of the hepa-
tocytes, proliferation of Kupffer cells lining the sinu-
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FIGURE 4-17. Acute hepatitis. A, Sagittal, and B, transverse, images of the left lobe of the liver show marked increased thickness 
and echogenicity of the soft tissue surrounding the portal vein branch, called periportal cuffing. C, Sagittal, and D, transverse, views of 
the gallbladder with marked mural thickening, such that the lumen is virtually obliterated. The gallbladder wall shows a multilayered 
appearance with extensive hypoechoic pockets of edema fluid. (From Wilson SR. The liver. Gastrointestinal disease. 6th series. Test and 
syllabus. Reston, Va, 2004, American College of Radiology.)
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give rise to echogenic foci with a posterior reverbera-
tion artifact (Fig. 4-19, G-I). Fluid-fluid interfaces, 
internal septations, and debris have all been observed. 
The abscess wall can vary from well defined to irregular 
and thick.

The differential diagnosis of pyogenic liver abscess 
includes amebic or echinococcal infection, simple cyst 
with hemorrhage, hematoma, and necrotic or cystic neo-
plasm. Ultrasound-guided liver aspiration is an expedi-
tious means to confirm the diagnosis. Specimens should 
be sent for both aerobic and anaerobic culture. In the 
past, 50% of abscesses were considered sterile, probably 
caused by failure to transport the specimen in an oxygen-
free container; thus, anaerobic organisms were not iden-
tified.33 Once the diagnosis of liver abscess is made by 
the identification of pus or a positive Gram stain and 
culture, the collection can be drained percutaneously 
using ultrasound or CT guidance.

through the hepatic artery in patients with osteomyelitis 
and subacute bacterial endocarditis. Pyogenic bacteria 
may also be present in the liver as a result of blunt or 
penetrating trauma. No cause can be found in approxi-
mately 50% of hepatic abscesses; the rest are mainly 
caused by anaerobic infection. Diagnosis of bacterial liver 
infection is often delayed. The most common presenting 
features of pyogenic liver abscess are fever, malaise, 
anorexia, and right upper quadrant pain. Jaundice may 
be present in approximately 25% of these patients.

Sonography has proved to be extremely helpful in the 
detection of liver abscesses. The ultrasound features of 
pyogenic abscesses are varied (Fig. 4-19, A-F). Frankly 
purulent abscesses appear cystic, with the fluid ranging 
from echo free to highly echogenic. Regions of early 
suppuration may appear solid with altered echogenicity, 
usually hypoechoic, related to the presence of necrotic 
hepatocytes.32 Occasionally, gas-producing organisms 
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FIGURE 4-18. Acute hepatitis. Acute hepatitis in patient with fever, abnormal liver function tests, and incidental gallstones. 
A, Transverse view of porta hepatis, and B, transverse view of left lobe of liver, show thick, prominent echogenic bands surrounding the 
portal veins in the portal triads, called periportal cuffing. C, Sagittal, and D, transverse, views of the gallbladder show moderate edema 
and thickening of the gallbladder wall. The gallbladder is not large or tense, and the patient does not have acute cholecystitis. As this case 
illustrates, incidental cholelithiasis may be confusing.
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nidus. The central nidus represents focal necrosis in 
which fungal elements are found. This is seen early 
in the disease.

• Bull’s-eye: 1 to 4 cm lesion with hyperechoic center 
and hypoechoic rim. It is present when neutrophil 
counts return to normal. The echogenic center 
contains inflammatory cells (Fig. 4-20).

• Uniformly hypoechoic: most common, 
corresponding to progressive fibrosis (Fig. 4-21, A).

• Echogenic: variable calcification, representing scar 
formation (Fig. 4-21, B).
Although percutaneous liver aspiration is helpful in 

obtaining the organism in pyogenic liver abscesses, it 

Fungal Diseases: Candidiasis

The liver is frequently involved secondary to hematoge-
neous spread of mycotic infections in other organs, most 
often the lungs. Patients are generally immunocompro-
mised, although systemic candidiasis may occur in 
pregnancy or after hyperalimentation. The clinical char-
acteristics include persistent fever in a neutropenic 
patient whose leukocyte count is returning to normal.34

The ultrasound features of hepatic candidiasis 
include the following35:
• “Wheel within a wheel”: peripheral hypoechoic zone 

with inner echogenic wheel and central hypoechoic 
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FIGURE 4-19. Pyogenic abscesses: spectrum of appearances. Top row, Early lesions. A and B, Rapid evolution from 
phlegmon to liquefaction. A, Poorly defined mass effect or phlegmon in segment 7 of the liver. B, At 24 hours later, there is a central 
area of liquefaction. C, Early abscess is poorly marginated and bulges the liver capsule. It is difficult to characterize this mass as solid or 
cystic. There was no vascularity within this or other masses. Middle row, Mature abscess cavities in three patients. D to F, Classic mature 
abscess as a well-defined mass with liquefaction and internal debris. Bottom row, Abscesses related to gas-forming organisms. G, Multiple 
gas bubbles seen as innumerable bright echogenic foci within a poorly defined hypoechoic liver mass. H, Sagittal image of the left lobe 
of the liver, and I, confirmatory CT scan, show a liver mass with extensive gas content.
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frequently yields false-negative results for the presence of 
Candida organisms.35 This may be caused by failure to 
sample the central necrotic portion of the lesion, where 
the pseudohyphae are found.34

Parasitic Diseases

Amebiasis

Hepatic infection by the parasite Entamoeba histolytica is 
the most common extraintestinal manifestation of ame-
biasis. Transmission is by the fecal-oral route. The pro-
tozoan reaches the liver by penetrating through the 
colon, invading the mesenteric venules, and entering the 
portal vein. However, in more than one half of patients 
with amebic abscesses of the liver, the colon appears 
normal and stool culture results are negative, thus  
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FIGURE 4-20. Fungal infection. “Bull’s-eye” fungal morphology in 24-year-old man with acute lymphoblastic leukemia and fever. 
A, Sagittal sonogram through the spleen shows focal hypoechoic target lesions. B, The liver showed multiple masses. This magnified view 
shows a thick, echogenic rim and a thin, hypoechoic inner rim with a dense echogenic nidus. Biopsy revealed pseudohyphae.
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FIGURE 4-21. Candidiasis. A, Uniformly hypoechoic pattern. Multiple hypoechoic hepatic lesions are present in this young patient 
with acute myelogenous leukemia. B, Echogenic pattern after medical therapy. Small calcified lesion (arrow) is visualized in another 
immunocompromised patient.

HEPATIC CANDIDIASIS: 
SONOGRAPHIC FEATURES

“WHEEL WITHIN A WHEEL”
Peripheral hypoechoic zone
Inner echogenic wheel
Central hypoechoic nidus

BULL’S-EYE
Hyperechoic center
Hypoechoic rim

UNIFORMLY HYPOECHOIC
Progressive fibrosis

ECHOGENIC
Calcification representing scar formation
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in sheep- and cattle-raising countries, notably in the 
Middle East, Australia, and the Mediterranean. Endemic 
regions in the United States include the central valley in 
California, the lower Mississippi River Valley, Utah, and 
Arizona. Northern Canada is also endemic. E. granulosus 
is a tapeworm 3 to 6 mm in length that lives in the 
intestine of the definitive host, usually the dog. Its eggs 
are excreted in the dog’s feces and swallowed by the 
intermediate hosts—sheep, cattle, goats, or humans. The 
embryos are freed in the duodenum and pass through 
the mucosa to reach the liver through the portal venous 
system. Most of the embryos remain trapped in the liver, 
although the lungs, kidneys, spleen, central nervous 
system, and bone may become secondarily involved. In 
the liver the right lobe is more frequently involved. The 
surviving embryos form slow-growing cysts. The cyst 
wall consists of an external membrane that is approxi-
mately 1 mm thick, which may calcify (ectocyst). The 
host forms a dense connective tissue capsule around the 
cyst (pericyst). The inner germinal layer (endocyst) gives 
rise to brood capsules that enlarge to form protoscolices. 
The brood capsules may separate from the wall and form 
a fine sediment called hydatid sand. When hydatid cysts 
within the organs of a herbivore are eaten, the scolices 
attach to the intestine and grow to adult tapeworms, thus 
completing the life cycle.

Several reports describe the sonographic features  
of hepatic hydatid disease41-43 (Figs. 4-23 and 4-24). 
Lewall42 proposed the following four groups for hydatid 
cysts:
• Simple cysts containing no internal architecture 

except sand
• Cysts with detached endocyst secondary to rupture 

(Fig. 4-23, B)
• Cysts with daughter cyst matrix (echogenic material 

between daughter cysts)
• Densely calcified masses

delaying diagnosis. The most common presenting 
symptom, pain occurs in 99% of patients with amebic 
abscess. Approximately 15% of patients have diarrhea at 
diagnosis.

Sonographic features include a round or oval-shaped 
lesion, absence of a prominent abscess wall, hypoecho-
genicity compared to normal liver, fine low-level internal 
echoes, distal sonic enhancement, and contiguity with 
the diaphragm36,37 (Fig. 4-22). These features, however, 
can all be found in pyogenic abscess.

In a review of 112 amebic lesions, Ralls et al.38 reported 
that two sonographic patterns were significantly more 
prevalent in amebic abscesses: (1) round or oval shapes 
in 82%, versus 60% of pyogenic abscesses, and (2) 
hypoechoic appearance with fine internal echoes at high 
gain in 58%, versus 36% of pyogenic abscesses. Most 
amebic abscesses occur in the right lobe of the liver. 
Diagnosis is made using a combination of the clinical 
features, ultrasound findings, and serologic results. The 
indirect hemagglutination test is positive in 94% to 
100% of patients.

Amebicidal drugs are effective therapy. Symptoms 
improve in 24 to 48 hours, and most patients are afebrile 
in 4 days. Those who exhibit clinical deterioration may 
also benefit from catheter drainage, although this is 
unusual. The majority of hepatic amebic abscesses disap-
pear with adequate medical therapy.39 The time from 
termination of therapy to resolution varies from 1.5 to 
23 months (median, 7 months).40 A minority of patients 
have residual hepatic cysts and focal regions of increased 
or decreased echogenicity.

Hydatid Disease

The most common cause of hydatid disease in humans 
is infestation by the parasite Echinococcus granulosus, 
which has a worldwide distribution. It is most prevalent 

FIGURE 4-22. Amebic liver abscess: classic morphology. Transverse sonograms show a well-defined oval subdiaphragmatic 
mass with increased through transmission. There are uniform low-level internal echoes and absence of a well-defined abscess wall.
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FIGURE 4-23. Hydatid cyst. A, Baseline sonogram shows a fairly simple cyst in the right lobe with a small mural nodule and a 
fleck of peripheral calcium anteriorly. B, Three weeks later the patient presented with right upper quadrant pain and eosinophilia. The 
detached endocyst is floating within the lesion.

Surgery is the conventional treatment in echinococ-
cal disease, although recent reports describe success 
with percutaneous drainage.44-46 Although reported, 
anaphylaxis from hydatid cyst rupture is rare. Ultra-
sound has been used to monitor the course of medical 
therapy in patients with abdominal hydatid disease.47 
A reappearance or persistence of fluid within the cavity 
may signify inadequate therapy and viability of the 
parasites.48

Hepatic alveolar echinococcus is a rare parasitic 
infestation by the larvae of E. multilocularis. The fox is 
the main host. The sonographic features include echo-
genic lesions, which may be single or multiple; necrotic, 
irregular lesions without a well-defined wall; clusters of 
calcification within lesions; and dilated bile ducts.49

Schistosomiasis

Schistosomiasis is one of the most common parasitic 
infections in humans, estimated to affect 200 million 
people worldwide.50 Hepatic schistosomiasis is caused by 
Schistosoma mansoni, S. japonicum, S. mekongi, and S. 
intercalatum. Hepatic involvement by S. mansoni is par-
ticularly severe. S. mansoni is prevalent in Africa, includ-
ing Egypt, and South America, particularly in Venezuela 
and Brazil. The ova reach the liver through the portal 
vein and incite a chronic granulomatous reaction, first 

described by Symmers in 1904 as “clay-pipestem fibro-
sis.”51 The terminal portal vein branches become 
occluded, leading to presinusoidal portal hypertension, 
splenomegaly, varices, and ascites.

The sonographic features of schistosomiasis are 
widened echogenic portal tracts, sometimes reaching a 
thickness of 2 cm.52,53 The porta hepatis is the region 
most often affected. Initially the liver size is enlarged. As 
the periportal fibrosis progresses, however, the liver 
becomes contracted, and the features of portal hyperten-
sion prevail.

Pneumocystis carinii

Pneumocystis carinii is the most common organism 
causing opportunistic infection in patients with 
acquired immunodeficiency syndrome (AIDS). Pneumo-
cystis pneumonia is the most common cause of 
life-threatening infection in patients with human immu-
nodeficiency virus (HIV). P. carinii also affects patients 
undergoing bone marrow and organ transplantation, as 
well as those receiving corticosteroids or chemotherapy.54 
Extrapulmonary P. carinii infection was being reported 
with frequency about 1990.55-58 It was postulated that 
the use of maintenance aerosolized pentamidine achieved 
lower systemic levels than the intravenous form, allowing 
subclinical pulmonary infections and systemic dissemi-
nation of the protozoa. This treatment is now infre-
quently used by AIDS patients, so disseminated infection 
is rarely seen. Extrapulmonary P. carinii infection has 
been documented in the liver, spleen, renal cortex, 
thyroid gland, pancreas, and lymph nodes.

The sonographic findings of P. carinii involvement of 
the liver range from tiny, diffuse, nonshadowing echo-
genic foci to extensive replacement of the normal hepatic 
parenchyma by echogenic clumps representing dense 
calcification (Fig. 4-25). A similar sonographic pattern 

SONOGRAPHIC MORPHOLOGY OF 
HYDATID CYSTS

1. Simple cysts
2. Cysts with detached endocyst secondary to 

rupture
3. Cysts with daughter cysts
4. Densely calcified masses
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FIGURE 4-24. Hydatid liver disease: spectrum of appearances. A, Classic appearance showing a cyst containing multiple 
daughter cysts. B, Sonogram, and C, confirmatory CT scan, show a unilocular and simple cyst, a fairly uncommon morphology for hydatid 
disease. D, Sonogram shows a complex mass. Anteriorly, multiple ringlike structures suggest hydatid disease. At surgery, cystic mass showed 
thick debris and innumerable scolices. E, Sonogram, and F, confirmatory CT scan, show an indeterminate mass with a thin rim of 
calcification. G, Complex mass similar to that seen in D. There are fingerlike projections within, again suggestive of hydatid disease. 
H, Sonogram, and I, confirmatory CT scan, show a central liver mass with rim and internal punctate calcification.

does starvation. Other causes of fatty infiltration include 
poorly controlled hyperlipidemia, diabetes, excess exog-
enous or endogenous corticosteroids, pregnancy, total 
parenteral hyperalimentation, severe hepatitis, glycogen 
storage disease, jejunoileal bypass procedures for obesity, 
cystic fibrosis, congenital generalized lipodystrophy, 
several chemotherapeutic agents, including methotrex-
ate, and toxins such as carbon tetrachloride and yellow 
phosphorus.60 Correction of the primary abnormality 
will usually reverse the process, although it is now rec-
ognized that fatty infiltration of the liver is the precursor 
for significant chronic disease and hepatocellular carci-
noma in some patients.

Sonography of fatty infiltration varies depending on 
the amount of fat and whether deposits are diffuse or 

has been identified with hepatic infection by Mycobacte-
rium avium-intracellulare and cytomegalovirus.59

DISORDERS OF METABOLISM

Fatty Liver

Fatty liver is an acquired, reversible disorder of metabo-
lism, resulting in an accumulation of triglycerides  
within the hepatocytes. The most common cause likely 
is obesity. Fatty liver is recognized as a significant 
component of the metabolic syndrome, which has 
recently increased in significance. Excessive alcohol 
intake produces a fatty liver by stimulating lipolysis, as 
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FIGURE 4-25. Pneumocystis carinii. Disseminated P. 
carinii infection in AIDS patient who previously used pentami-
dine inhaler. Sonogram shows innumerable tiny, bright echogenic 
foci without shadowing throughout the liver parenchyma.

focal61 (Fig. 4-26). Diffuse steatosis may appear as 
follows:

DIFFUSE STEATOSIS

MILD
Minimal diffuse increase in hepatic echogenicity

MODERATE
Moderate diffuse increase in hepatic echogenicity
Slightly impaired visualization of intrahepatic vessels 

and diaphragm

SEVERE
Marked increase in echogenicity
Poor penetration of posterior liver
Poor or no visualization of hepatic vessels and 

diaphragm

• Focal fatty sparing and focal fatty liver most often 
involve the periportal region of the medial segment 
of the left lobe (segment IV).63,64

• Sparing also frequently occurs by the gallbladder 
fossa and along the liver margins.

• Focal subcapsular fat may occur in diabetic patients 
receiving insulin in peritoneal dialysate65 (Fig. 4-27, 
H and I).

• Lack of mass effect; hepatic vessels generally are not 
displaced, although traversing vessels in metastases 
have been reported.66

• Geometric margins are present, although focal fat 
may appear round, nodular, or interdigitated with 
normal tissue.67

• Rapid change with time; fatty infiltration may 
resolve as early as 6 days.

• Liver CT scans demonstrate corresponding regions 
of low attenuation.
Contrast-enhanced ultrasound (CEUS) is valuable in 

the differentiation of fatty change from neoplasia, because 
the fatty or spared regions will all appear isovascular in 
both the arterial and the portal venous phase of enhance-
ment. Chemical shift MRI techniques are useful in distin-
guishing diffuse from focal fatty infiltration. Radionuclide 
liver and spleen scintigraphic examination will yield 
normal results, indicating adequate numbers of Kupffer 
cells within the fatty regions.61 Some postulate that these 
focal spared areas are caused by a regional decrease in 
portal blood flow, as demonstrated by CT scans during 
arterial portographic examinations.68 Knowledge of 
typical patterns and use of CT, CEUS, MRI, or nuclear 
medicine scintigraphy will avoid the necessity for biopsy 
in most patients with focal fatty alteration.

Glycogen Storage Disease 
(Glycogenosis)

Von Gierke first recognized glycogen storage disease 
(GSD) affecting the kidneys and liver in 1929. Type 1 

FOCAL FATTY CHANGE: 
SONOGRAPHIC FEATURES

Rapid change with time, both in appearance and 
resolution

No alteration of course or caliber of regional vessels
No contour abnormality

PREFERRED SITE FOR FOCAL FATTY SPARING
Anterior to portal vein at porta hepatis
Gallbladder fossa
Liver margins

PREFERRED SITE FOR FOCAL FAT
Anterior to portal vein at porta hepatis

GEOGRAPHIC FAT: MAPLIKE BOUNDARIES

• Mild—Minimal diffuse increase in hepatic 
echogenicity with normal visualization of diaphragm 
and intrahepatic vessel borders.

• Moderate—Moderate diffuse increase in hepatic 
echogenicity with slightly impaired visualization of 
intrahepatic vessels and diaphragm.

• Severe—Marked increase in echogenicity with poor 
penetration of posterior segment of right lobe of 
liver and poor or no visualization of hepatic vessels 
and diaphragm.
Focal fatty infiltration and focal fatty sparing may 

mimic neoplastic involvement.62 In focal fatty infiltra-
tion, regions of increased echogenicity are present within 
a background of normal liver parenchyma. Conversely, 
islands of normal liver parenchyma may appear as 
hypoechoic masses within a dense, fatty infiltrated liver 
(Videos 4-3 and 4-4). Features of focal fatty change 
include the following (Fig. 4-27):
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tion can be recognized by rapid growth of the lesions, 
which may become more poorly defined.70

Cirrhosis

The World Health Organization (WHO) defines cir-
rhosis as a diffuse process characterized by fibrosis  
and the conversion of normal liver architecture into 
structurally abnormal nodules.71 Three major pathologic 
mechanisms combine to create cirrhosis: cell death, 
fibrosis, and regeneration. Cirrhosis has been classified 
as micronodular, in which nodules are 0.1 to 1 cm in 
diameter, and macronodular, characterized by nodules 
of varying size, up to 5 cm in diameter. Alcohol  
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FIGURE 4-26. Diffuse fat: spectrum of appearances. Mild fatty infiltration: A, sagittal right lobe; B, transverse right lobe; 
C, sagittal left lobe. The liver is diffusely bright and echogenic; sound penetration remains good. Marked fatty infiltration: D, sagittal 
right lobe; E, subcostal oblique view. The liver is enlarged and attenuating; sound penetration is poor; and the walls of the hepatic veins 
are not defined. Focal fatty sparing: F, mimicking a hypoechoic mass; normal liver on biopsy and follow-up. G, Sagittal, and H, trans-
verse, images show focal fatty sparing of the caudate lobe. I, Geographic fatty sparing of the entire left lobe marginated by the middle 
hepatic vein.

GSD (von Gierke’s disease, glucose 6-phosphatase defi-
ciency) is manifested in the neonatal period by hepato-
megaly, nephromegaly, and hypoglycemic convulsions. 
Because of the enzyme deficiency, large quantities of 
glycogen are deposited in the hepatocytes and proximal 
convoluted tubules of the kidney.69 With dietary man-
agement and supportive therapy, more patients currently 
survive to childhood and young adulthood. As a result, 
several patients have developed benign adenomas or less 
often HCC.70

Sonographically, type 1 GSD appears indistinguish-
able from other causes of diffuse fatty infiltration.  
Secondary hepatic adenomas are well-demarcated, solid 
masses of variable echogenicity. Malignant transforma-
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associated with cirrhosis include the following (Fig. 
4-28):
• Volume redistribution. In the early stages of 

cirrhosis the liver may be enlarged, whereas in 
advanced stages the liver is often small, with relative 
enlargement of the caudate lobe, left lobe, or both, 
compared with the right lobe. Several studies have 
evaluated the ratio of the caudate lobe width to  
the right lobe width (C/RL) as an indicator of 
cirrhosis.73 A C/RL value of 0.65 is considered 
indicative of cirrhosis. The specificity is high 
(100%), but the sensitivity is low (43%-84%), 
indicating that the C/RL ratio is a useful 
measurement if it is abnormal.73 However, no 
patients in these studies had Budd-Chiari syndrome, 
which may also cause caudate lobe enlargement.
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FIGURE 4-27. Focal fat: spectrum of appearances. A, Sagittal, and B, subcostal oblique, images show the most common 
location for classic focal fat, in segment 4, anterior to the portal venous bifurcation at the porta hepatis, where it is large and masslike. 
C, Another patient showing a more common, milder form of the same fat deposition. D to G, Tumoral fat. Fat deposits in all images 
suggest a focal liver mass. The liver vasculature is unaltered in its course at the location of the fatty masses. E, Focal fat of pregnancy. 
H and I, Hepatic steatonecrosis shown in views of the right lobe of the liver is a rare observation in diabetic patients who receive insulin 
in their peritoneal dialysate.

consumption is the most common cause of micronodu-
lar cirrhosis, and chronic viral hepatitis is the most  
frequent cause of the macronodular form.72 Patients 
who continue to drink may go on to end-stage liver 
disease, which is indistinguishable from cirrhosis of  
other causes. Other etiologies are biliary cirrhosis 
(primary and secondary), Wilson’s disease, primary scle-
rosing cholangitis, and hemochromatosis. The classic 
clinical presentation of cirrhosis is hepatomegaly, jaun-
dice, and ascites. However, serious liver injury may be 
present without any clinical clues. In fact, only 60% of  
patients with cirrhosis have signs and symptoms of liver 
disease.

Because liver biopsy is invasive, the ability to detect 
cirrhosis by noninvasive means, such as sonography, 
holds great clinical interest. The sonographic patterns 
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FIGURE 4-28. Cirrhosis: spectrum of appearances. Top row, Parenchymal changes. A, Coarse parenchyma and innumerable 
tiny, hyperechoic nodules. B, Coarse parenchyma and innumerable tiny, hypoechoic nodules. C, Coarse parenchyma and surface nodular-
ity. Middle row, Lobar redistribution. D, Sagittal image showing an enormous caudate lobe. E, Transverse sonogram shows the right lobe 
is small, with enlargement of the left lateral segment. F, Subcostal oblique view showing a tiny right lobe of the liver, which is separated 
from the large left lobe by the main lobar fissure (arrows). Bottom row, Contour abnormality. G and H, Small, end-stage livers with 
surface nodularity, best appreciated in patients with ascites, as shown here. I, Liver contour varies greatly, as shown here, where a large 
nodule protrudes from the deep liver border.

CIRRHOSIS: SONOGRAPHIC FEATURES

Volume redistribution
Coarse echotexture
Nodular surface
Nodules: regenerative and dysplastic
Portal hypertension: ascites, splenomegaly, and 

varices

• Coarse echotexture. Increased echogenicity and 
coarse echotexture are frequent observations in 
diffuse liver disease. These are subjective findings, 
however, and may be confounded by inappropriate 
time gain compensation (TGC) settings and overall 
gain. Liver attenuation is correlated with the 
presence of fat, not fibrosis.74 Cirrhotic livers 
without fatty infiltration had attenuation values 
similar to those of controls. This accounts for the 
relatively low accuracy in distinguishing diffuse liver 
disease75 and the conflicting reports regarding 
attenuation values in cirrhosis.

• Nodular surface. Irregularity of the liver surface 
during routine scanning has been appreciated  
as a sign of cirrhosis when the appearance is  
gross or when ascites is present.76 The nodularity 

corresponds to the presence of regenerating nodules 
and fibrosis.

• Regenerating nodules (RNs). These regenerating 
hepatocytes are surrounded by fibrotic septae. 
Because RNs have a similar architecture to the 
normal liver, ultrasound and CT have limited ability 
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As cirrhosis progresses, luminal narrowing of the 
hepatic veins may be associated with flow alterations 
visible on color and spectral Doppler ultrasound. High-
velocity signals through an area of narrowing produce 
color aliasing and turbulence (Fig. 4-29).

The hepatic artery waveform also shows altered flow 
dynamics in cirrhosis and chronic liver disease. Lafor-
tune et al.82 found an increase in the resistive index of 
the hepatic artery after a meal in patients with a normal 
liver. The vasoconstriction of the hepatic artery occurs 
as a normal response to the increased portal venous flow 
stimulated by eating (20% change). In patients with cir-
rhosis and chronic liver disease, the normal increase in 
postprandial resistive index is blunted.83

VASCULAR ABNORMALITIES

Portal Hypertension

Normal portal vein pressure is 5 to 10 mm Hg (14 cm 
H2O). Portal hypertension is defined by (1) wedge 
hepatic vein pressure or direct portal vein pressure more 
than 5 mm Hg greater than IVC pressure, (2) splenic 
vein pressure greater than 15 mm Hg, or (3) portal vein 
pressure (measured surgically) greater than 30 cm H2O. 
Pathophysiologically, portal hypertension can be divided 
into presinusoidal and intrahepatic groups, depending 
on whether the hepatic vein wedge pressure is normal 
(presinusoidal) or elevated (intrahepatic).

Presinusoidal portal hypertension can be subdi-
vided into extrahepatic and intrahepatic forms. The 
causes of extrahepatic presinusoidal portal hypertension 
include thrombosis of the portal or splenic veins. This 

in their detection. RNs tend to be isoechoic or 
hypoechoic with a thin, echogenic border that 
corresponds to fibrofatty connective tissue.76 MRI 
has a greater sensitivity than both CT and 
ultrasound in RN detection. Because some RNs 
contain iron, gradient echo sequences demonstrate 
these nodules as hypointense.77

• Dysplastic nodules. Dysplastic nodules or 
adenomatous hyperplastic nodules are larger than 
RNs (diameter of 10 mm) and are considered 
premalignant.78 They contain well-differentiated 
hepatocytes, a portal venous blood supply, and 
atypical or frankly malignant cells. The portal 
venous blood supply can be detected with color 
Doppler flow imaging and distinguished from the 
hepatic artery–supplied HCC.79 In a patient with 
cirrhosis and a liver mass, percutaneous biopsy is 
often performed to exclude or diagnose HCC.

Doppler Ultrasound Characteristics

The normal Doppler waveform of the hepatic veins 
reflects the hemodynamics of the right atrium. The 
waveform is triphasic: two large antegrade diastolic and 
systolic waves and a small retrograde wave corresponding 
to the atrial “kick.” Because the walls of the hepatic veins 
are thin, disease of the hepatic parenchyma may alter 
their compliance. In many patients with compensated 
cirrhosis (no portal hypertension), the Doppler wave-
form is abnormal. Two abnormal patterns have been 
described: decreased amplitude of phasic oscillations 
with loss of reversed flow and a flattened waveform.80,81 
These abnormal patterns have also been found in patients 
with fatty infiltration of the liver.81
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FIGURE 4-29. Hepatic vein strictures: cirrhosis. A, Gray-scale image of hepatic veins shows a tapered luminal narrowing. 
B, Color Doppler image shows appropriately directed blood flow toward the inferior vena cava in blue. There is color aliasing from 
the rapid-velocity flow through the points of narrowing.
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hilus (Fig. 4-31, E and F), which represent 
collaterals between the splenic, coronary, and short 
gastric veins and the left adrenal or renal veins.

• Intestinal: Regions in which the gastrointestinal 
tract becomes retroperitoneal so that the veins of the 
ascending and descending colon, duodenum, 
pancreas, and liver may anastomose with the renal, 
phrenic, and lumbar veins (systemic tributaries).

• Hemorrhoidal: The perianal region where the 
superior rectal veins, which extend from the inferior 
mesenteric vein, anastomose with the systemic 
middle and inferior rectal veins.
Duplex Doppler sonography provides additional 

information regarding direction of portal flow. False 
results may occur, however, when sampling is obtained 
from periportal collaterals in patients with portal vein 
thrombosis or hepatofugal portal flow.93 Normal portal 
venous flow rates will vary in the same individual, 
increasing postprandially and during inspiration83,94 and 
decreasing after exercise or in the upright position.95 An 
increase of less than 20% in the diameter of the portal 

should be suspected in any patient who presents with 
clinical signs of portal hypertension—ascites, spleno-
megaly, and varices—and a normal liver biopsy. Throm-
bosis of the portal venous system occurs in children 
secondary to umbilical vein catheterization, omphalitis, 
and neonatal sepsis. In adults the causes of portal vein 
thrombosis include trauma, sepsis, HCC, pancreatic car-
cinoma, pancreatitis, portacaval shunts, splenectomy, 
and hypercoagulable states. The intrahepatic presinu-
soidal causes of portal hypertension are the result of 
diseases affecting the portal zones of the liver, notably 
schistosomiasis, primary biliary cirrhosis, congenital 
hepatic fibrosis, and toxic substances, such as polyvinyl 
chloride and methotrexate.84

Cirrhosis is the most common cause of intrahepatic 
portal hypertension and accounts for greater than 90% 
of all cases of portal hypertension in the West. In cir-
rhosis the distorted vascular channels increase resistance 
to portal venous blood flow and obstruct hepatic venous 
outflow. Diffuse metastatic liver disease also produces 
portal hypertension by the same mechanism. Over time, 
thrombotic diseases of the IVC and hepatic veins, as well 
as constrictive pericarditis and other causes of severe 
right-sided heart failure, will lead to centrilobular fibro-
sis, hepatic regeneration, cirrhosis, and finally portal 
hypertension.

Sonographic findings of portal hypertension include 
the secondary signs of splenomegaly, ascites, and por-
tosystemic venous collaterals (Figs. 4-30 and 4-31). 
When the resistance to blood flow in the portal vessels 
exceeds the resistance to flow in the small communi-
cating channels between the portal and systemic circu-
lations, portosystemic collaterals form. Thus, although 
the caliber of the portal vein initially may be increased 
(>1.3 cm) in portal hypertension,85 with the deve-
lopment of portosystemic shunts, the portal vein caliber 
will decrease.86 Five major sites of portosystemic 
venous collaterals are visualized by ultrasound87-89 (see 
Fig. 4-30).
• Gastroesophageal junction: Between the coronary 

and short gastric veins and the systemic esophageal 
veins. These varices are of particular importance 
because they may lead to life-threatening or fatal 
hemorrhage. Dilation of the coronary vein (>0.7 cm) 
is associated with severe portal hypertension 
(portohepatic gradient >10 mm Hg)86 (Fig. 4-31, C 
and D).

• Paraumbilical vein: Runs in the falciform ligament 
and connects the left portal vein to the systemic 
epigastric veins near the umbilicus (Cruveilhier-
Baumgarten syndrome)90 (Fig. 4-31, A). Some 
suggest that, if the hepatofugal flow in the patent 
paraumbilical vein exceeds the hepatopetal flow in 
the portal vein, patients may be protected from 
developing esophageal varices.91,92

• Splenorenal and gastrorenal: Tortuous veins may 
be seen in the region of the splenic and left renal 

FIGURE 4-30. Portal hypertension. Major sites of por-
tosystemic venous collaterals. (From Subramanyam BR, Balthazar 
EJ, Madamba MR, et al: Sonography of portosystemic venous collater-
als in portal hypertension. Radiology 1983;146:161-166.)

PORTOSYSTEMIC VENOUS 
COLLATERALS: MAJOR SITES 
IDENTIFIED ON ULTRASOUND

1. Gastroesophageal junction
2. Paraumbilical vein in falciform ligament
3. Splenorenal and gastrorenal veins
4. Intestinal-retroperitoneal anastomoses
5. Hemorrhoidal veins
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tension develops, the flow in the portal vein loses its 
undulatory pattern and becomes monophasic. As the 
severity of portal hypertension increases, flow becomes 
biphasic and finally hepatofugal (away from the liver). 
Intrahepatic arterial-portal venous shunting may also  
be seen.

vein with deep inspiration indicates portal hypertension 
with 81% sensitivity and 100% specificity.96

The normal portal vein demonstrates an undulating 
hepatopetal (toward the liver) flow. Mean portal venous 
flow velocity is approximately 15 to 18 cm/sec and varies 
with respiration and cardiac pulsation. As portal hyper-
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FIGURE 4-31. Portal hypertension. A, Sagittal image of recanalized paraumbilical vein in patient with gross ascites. B, Sagittal 
image shows enlarged coronary vein running cephalad from the splenic vein (SV). C, Gray-scale image, and D, color Doppler image, show 
extensive varices in the distribution of the coronary vein. E, Gray-scale image, and F, color Doppler image, show splenic hilar varices.
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portal anatomy and flow direction. Duplex Doppler 
sonography has the added advantages of decreased cost 
and portability of the equipment and therefore should 
be used as the initial screening method for portal 
hypertension.

Portal Vein Thrombosis

Portal vein thrombosis has been associated with malig-
nancy, including HCC, metastatic liver disease, carci-
noma of the pancreas, and primary leiomyosarcoma  
of the portal vein,99 as well as with chronic pancreatitis, 
hepatitis, septicemia, trauma, splenectomy, portacaval 
shunts, hypercoagulable states such as pregnancy and in 
neonates, omphalitis, umbilical vein catheterization, and 
acute dehydration.100

Sonographic findings of portal vein thrombosis 
include echogenic thrombus within the lumen of the 
vein, portal vein collaterals, expansion of the caliber of 
the vein, and cavernous transformations100 (Figs. 4-32 
and 4-33). Cavernous transformation of the portal 
vein refers to numerous wormlike vessels at the porta 

Chronic liver disease is also associated with increased 
splanchnic blood flow. Recent evidence suggests that 
portal hypertension is partly caused by the hyperdynamic 
flow state of cirrhosis. Zweibel et al.97 found that blood 
flow was increased in the superior mesenteric arteries  
and splenic arteries of patients with cirrhosis and sple-
nomegaly, compared with normal controls. Of interest, 
in patients with cirrhosis and normal-sized livers, 
splanchnic blood flow was not increased. Patients with 
isolated splenomegaly and normal livers were not 
included in this study.

The limitations of Doppler sonography in the evalu-
ation of portal hypertension include the inability to 
determine vascular pressures and flow rates accurately. 
Patients with portal hypertension are often ill, with con-
tracted livers, abundant ascites, and floating bowel, all of 
which create a technical challenge. In a comparison of 
duplex Doppler sonography with MR angiography, MR 
imaging was superior in the assessment of patency of the 
portal vein and surgical shunts, as well as in detection  
of varices.98 However, when technically adequate, the 
Doppler study was accurate in the assessment of normal 
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FIGURE 4-32. Portal vein thrombosis: benign and malignant. Malignant thrombus: transverse views of A, the vein at 
the porta hepatis, and B, left ascending left portal vein. Both are distended with occlusive thrombus. Benign thrombus: C, transverse, 
and D, sagittal, images of simple, bland nonocclusive thrombus in the left portal vein at the porta hepatis.
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FIGURE 4-33. Cavernous transformation of portal vein. A, Gray-scale image, and B, Color Doppler image. Numerous 
periportal collateral vessels are present.

BA

FIGURE 4-34. Metastasis to the portal vein from colon cancer. A, Sagittal view of the main portal vein at the porta 
hepatis, and B, subcostal oblique sonogram of the left ascending branch of the portal vein, show the portal vein is distended and highly 
echogenic (arrows). There is also evidence of cavernous transformation, an uncommon accompaniment of malignant portal vein 
occlusion.

hepatis, which represent periportal collateral circula-
tion.101 This pattern is observed in long-standing throm-
bosis, requiring up to 12 months to occur, and thus is 
more likely to develop with benign disease.102 Acute 
thrombus may appear relatively anechoic and thus may 
be overlooked unless Doppler ultrasound interrogation 
is performed. Malignant thrombosis of the portal vein 
has a high association with HCC and is often expansive, 
as is malignant occlusion from other primary or second-
ary disease (Fig. 4-34).

Doppler sonography is useful in distinguishing 
between benign and malignant portal vein thrombi in 
patients with cirrhosis. Both bland and malignant 

thrombi may demonstrate continuous blood flow. Pul-
satile flow, however, has been found to be 95% specific 
for the diagnosis of malignant portal vein thrombosis 
(see Fig. 4-32). The sensitivity was only 62% because 
many malignant thrombi are hypovascular.103

Budd-Chiari Syndrome

The Budd-Chiari syndrome is a relatively rare disorder 
characterized by occlusion of the lumens of the hepatic 
veins with or without occlusion of the IVC lumen. The 
degree of occlusion and presence of collateral circulation 
predict the clinical course. Some patients die in the acute 
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4-38 and 4-39), and extensive intrahepatic collaterals107, 
108 (see Fig. 4-37). Membranous “webs” may be identi-
fied as echogenic or focal obliterations of the lumen.108 
Real-time ultrasonography, however, underestimates the 
presence of thrombosis and webs and may be inconclu-
sive in a cirrhotic patient with hepatic veins that are 
difficult to image.107 Intrahepatic collaterals, on gray-
scale images, show as tubular vascular structures in an 
abnormal location and typically are seen extending from 
a hepatic vein to the liver surface, where they anastomose 
with systemic capsular vessels.

Duplex Doppler ultrasound and color Doppler flow 
imaging (CDFI) can help determine both the presence 
and the direction of hepatic venous flow in the evalu-
ation of patients with suspected Budd-Chiari syndrome. 
The middle and left hepatic veins are best scanned in 
the transverse plane at the level of the xiphoid process. 
From this angle, the veins are almost parallel to the 
Doppler beam, allowing optimal reception of their 
Doppler signals. The right hepatic vein is best evalu-
ated from a right intercostal approach.110 The intricate 
pathways of blood flow out of the liver in the patient 
with Budd-Chiari syndrome can be mapped with  
documentation of hepatic venous occlusions, hepatic- 
systemic collaterals, hepatic venous–portal venous 
collaterals, and increased caliber of anomalous or acces-
sory hepatic veins.

The normal blood flow in the IVC and hepatic veins 
is phasic in response to both the cardiac and respiratory 
cycles.116 In Budd-Chiari syndrome, flow in the IVC, 
hepatic veins, or both, changes from phasic to absent, 
reversed, turbulent, or continuous.112,115 Continuous 
flow has been called the pseudoportal Doppler signal 
and appears to reflect either partial IVC obstruction or 

phase of liver failure. Causes of Budd-Chiari syndrome 
include coagulation abnormalities such as polycythemia 
rubra vera, chronic leukemia, and paroxysmal nocturnal 
hemoglobinuria; trauma; tumor extension from primary 
HCC, renal carcinoma, and adrenocortical carcinoma; 
pregnancy; congenital abnormalities; and obstructing 
membranes. The classic patient in North America is a 
young adult woman taking oral contraceptives who pres-
ents with an acute onset of ascites, right upper quadrant 
pain, hepatomegaly, and to a lesser extent, splenomegaly. 
In some cases, no etiologic factor is found. The syn-
drome is more common in other geographic areas, 
including India, South Africa, and Asia.

Sonographic evaluation of the patient with Budd-
Chiari syndrome includes gray-scale and Doppler fea-
tures.104-115 Ascites is invariably seen. The liver is typically 
large and bulbous in the acute phase (Fig. 4-35, A). 
Hemorrhagic infarction may produce significant altered 
regional echogenicity. As infarcted areas become more 
fibrotic, echogenicity increases.105 The caudate lobe is 
often spared in Budd-Chiari syndrome because the emis-
sary veins drain directly into the IVC at a lower level 
than the involved main hepatic veins. Increased blood 
flow through the caudate lobe leads to relative caudate 
enlargement.

Real-time scanning allows the radiologist to evaluate 
the IVC and hepatic veins noninvasively. Sonographic 
features include evidence of the hepatic vein occlusion 
(Fig. 4-35, B, and Fig. 4-36) and the development of 
abnormal intrahepatic collaterals (Fig. 4-37). The 
extent of hepatic venous involvement in Budd-Chiari 
syndrome includes partial or complete inability to see 
the hepatic veins, stenosis with proximal dilation, intra-
luminal echogenicity, thickened walls, thrombosis (Figs. 
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FIGURE 4-35. Acute Budd-Chiari syndrome. A, Transverse view of liver shows a large, bulbous caudate lobe. B, Sagittal view 
of right hepatic vein shows echoes within the vein lumen consistent with thrombosis, with absence of the vessel toward the inferior vena 
cava. Doppler ultrasound showed no flow in this vessel.
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FIGURE 4-36. Budd-Chiari syndrome. Abnor-
mal hepatic vein appearance in three patients on trans-
verse images of intrahepatic inferior vena cava. A, Right 
hepatic vein is not seen at all. Middle and left hepatic 
veins show tight strictures just proximal to the inferior 
vena cava. B, Right hepatic vein is seen as a thrombosed 
cord. Middle hepatic vein does not reach the inferior 
vena cava. Left hepatic vein is not seen. C, Only a single 
hepatic vein, the middle hepatic vein, can be seen as a 
thrombosed cord.

FIGURE 4-37. Budd-Chiari syndrome. Abnormal intrahepatic collaterals on gray-scale sonograms in two patients. Both images 
show vessels with abnormal locations and increased tortuosity compared with the normal intrahepatic vasculature.
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FIGURE 4-38. Budd-Chiari syndrome. A, Gray-scale transverse image of hepatic venous confluence shows complete absence of 
the right hepatic vein with obliteration of the lumen of a common trunk for the middle and left hepatic veins. B, Color Doppler image 
shows that blood flow in the middle hepatic vein (blue) is normally directed toward the inferior vena cava. As the trunk is obliterated, all 
the blood is flowing out of the left hepatic vein (red), which is abnormal. Other images showed anastomoses of the left hepatic vein with 
surface collaterals. C, Color Doppler image shows an anomalous left hepatic vein with flow to the inferior vena cava (normal direction) 
and aliasing from a long stricture. D, Spectral Doppler waveform of the anomalous left hepatic vein shows a very high abnormal velocity 
of approximately 140 cm/sec, confirming the tight stricture.

extrinsic IVC compression.111 The portal blood flow also 
may be affected and is characteristically either slowed or 
reversed.112

The addition of Doppler to gray-scale sonography in 
the patient with suspected Budd-Chiari syndrome lends 
strong supportive evidence to the gray-scale impression 
of missing, compressed, or otherwise abnormal hepatic 
veins and IVC.114,115 Associated reversal of flow in the 
portal vein and epigastric collaterals is also optimally 
assessed with this technique.115

Hepatic veno-occlusive disease causes progressive 
occlusion of the small hepatic venules. The disease is 
endemic in Jamaica, secondary to alkaloid toxicity from 
bush tea. In North America, most cases are iatrogenic, 
secondary to hepatic irradiation and chemotherapy  
used in bone marrow transplantation.113 Patients with 
hepatic veno-occlusive disease are clinically indistin-
guishable from those with Budd-Chiari syndrome. 
Duplex Doppler sonography demonstrates normal 
caliber, patency, and phasic forward (toward the heart) 
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proximally at the junction of the superior mesenteric and 
splenic veins and distally involving the portal venous 
radicles. The sonographic appearance is that of an 
anechoic cystic mass, which connects with the portal 
venous system. Pulsed Doppler sonographic examina-
tion demonstrates turbulent venous flow.118

Intrahepatic Portosystemic  
Venous Shunts

Intrahepatic arterial-portal fistulas are well-recognized 
complications of large-gauge percutaneous liver biopsy 
and trauma. Conversely, intrahepatic portohepatic 

flow of the main hepatic veins and IVC.113 Flow in 
the portal vein, however, may be abnormal, showing 
either reversed or “to and fro” flow.113,117 In addition, 
the diagnosis of hepatic veno-occlusive disease may be 
suggested in a patient with decreased portal blood 
flow (compared with baseline measurement before abla-
tive therapy).113

Portal Vein Aneurysm

Aneurysms of the portal vein are rare. Their origin is 
either congenital or acquired secondary to portal hyper-
tension.118 Portal vein aneurysms have been described 
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FIGURE 4-39. Budd-Chiari syndrome with extensive inferior vena cava thrombosis. A, Sagittal image of the 
inferior vena cava (IVC) shows that it is distended with echogenic thrombus. B, Middle hepatic vein as a thrombosed cord. C, Gray-scale 
image of right hepatic vein (RHV), and D, color Doppler image, show that anomalous right hepatic vein is distended with thrombus. 
There is flow in the vein proximal to the thrombus (blue).
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structures representing AV malformations, and large 
draining hepatic veins secondary to AV shunting.124

Peliosis Hepatis

Peliosis hepatis is a rare liver disorder characterized by 
blood-filled cavities ranging from less than a millimeter 
to many centimeters in diameter. It can be distinguished 
from hemangioma by the presence of portal tracts within 
the fibrous stroma of the blood spaces. The pathogenesis 
of peliosis hepatis involves rupture of the reticulin fibers 
that support the sinusoidal walls, secondary to cell injury 
or nonspecific hepatocellular necrosis.125 The diagnosis 
of peliosis can be made with certainty only by histologic 
examination. Most cases of peliosis affect the liver, 
although other solid internal organs and lymph nodes 
may be involved in the process as well.

Although early reports described incidental detection 
of peliosis hepatis at autopsy in patients with chronic 
wasting disorders, it has now been seen following renal 
and liver transplantation, in association with a multitude 
of drugs, especially anabolic steroids, and with an 
increased incidence in HIV patients.126 The HIV associa-
tion may occur alone or as part of bacillary angiomatosis 
in the spectrum of opportunistic infections of AIDS.127 
Peliosis hepatis has the potential to be aggressive and 
lethal.

The imaging features of peliosis hepatis have been 
described in single case reports,128-130 although often 
without adequate histologic confirmation. Angiographi-
cally, the peliotic lesions have been described as accumu-
lations of contrast detected late in the arterial phase and 
becoming more distinct in the parenchymal phase.131 
On sonography, described lesions are nonspecific and 
have shown single or multiple masses of heterogeneous 
echogenicity.128,129,132 Calcifications have been reported132 
(Fig. 4-40). CT scans show low-attenuation nodular 

venous shunts are rare. Their cause is controversial and 
believed to be either congenital or related to portal 
hypertension.119,120 Patients typically are middle aged 
and present with hepatic encephalopathy. Anatomically, 
portohepatic venous shunts are more common in the 
right lobe. Sonography demonstrates a tortuous tubular 
vessel or complex vascular channels, which connect  
a branch of the portal vein to a hepatic vein or the 
IVC.118-121 The diagnosis is confirmed angiographically.

Hepatic Artery Aneurysm  
and Pseudoaneurysm

The hepatic artery is the fourth most common site of an 
intra-abdominal aneurysm, following the infrarenal 
aorta, iliac, and splenic arteries. Eighty percent of patients 
with a hepatic artery aneurysm experience catastrophic 
rupture into the peritoneum, biliary tree, gastrointesti-
nal tract, or portal vein.122 Hepatic artery pseudoaneu-
rysm secondary to chronic pancreatitis has been 
described. The duplex Doppler sonographic examina-
tion revealed turbulent arterial flow within a sonolucent 
mass.122 Primary dissection of the hepatic artery is rare 
and in most cases leads to death before diagnosis.123 
Sonography may show the intimal flap with the true and 
false channels.

Hereditary Hemorrhagic 
Telangiectasia

Hereditary hemorrhagic telangiectasia, or Osler-Weber-
Rendu disease, is an autosomal dominant disorder that 
causes arteriovenous (AV) malformations in the liver, 
hepatic fibrosis, and cirrhosis. Patients present with mul-
tiple telangiectasias and recurrent episodes of bleeding. 
Sonographic findings include a large feeding common 
hepatic artery up to 10 mm, multiple dilated tubular 
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FIGURE 4-40. Peliosis hepatis. Peliosis hepatis in 34-year-old woman with deteriorating liver function necessitating transplanta-
tion. A, Sagittal right lobe, and B, sagittal left lobe, scans show multiple large liver masses with innumerable tiny punctate calcifications. 
(From Muradali D, Wilson SR, Wanless IR, et al. Peliosis hepatis with intrahepatic calcifications. J Ultrasound Med 1996;15:257-260.)
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lesions that may or may not enhance with contrast injec-
tion.128,131 Peliosis hepatis is difficult to diagnose both 
clinically and radiologically and must be suspected in a 
susceptible individual with a liver mass.

HEPATIC MASSES

Focal liver masses include a variety of malignant and 
benign neoplasms, as well as masses with developmental, 
inflammatory, and traumatic causes. In cross-sectional 
imaging, two basic issues relate to a focal liver lesion: 
characterization of a known liver lesion (what is it?) and 
detection (is it there?). The answer to either question 
requires a focused examination, often adjusted according 
to the clinical situation.

Liver Mass Characterization

Characterization of a liver mass on conventional sonog-
raphy is based on the appearance of the mass on gray-
scale imaging and vascular information derived from 
spectral, color, and power Doppler sonography. With 
excellent spatial and contrast resolution, the gray-scale 
morphology of a mass allows for the differentiation of 
cystic and solid masses, and characteristic appearances 
may suggest the correct diagnosis without further evalu-
ation. More often, however, definitive diagnosis is not 
based on gray-scale information alone, but on vascular 
information obtained on conventional Doppler ultra-
sound examination. However, conventional Doppler 
often fails in the evaluation of a focal liver mass, particu-
larly in a large patient or on a small or deep liver lesion, 
or on a mass with inherent weak Doppler signals. Motion 
artifact is also highly problematic for abdominal Doppler 
ultrasound studies, and a left lobe liver mass close to the 
pulsation of the cardiac apex, for example, is virtually 
always a failure for conventional Doppler. For these 
reasons, conventional ultrasound is not regarded highly 
for characterization of focal liver masses, and a mass 
detected on ultrasound is generally evaluated further 
with contrast-enhanced CT (CECT) or MRI for defini-
tive characterization.

Role of Microbubble Contrast Agents

Worldwide, noninvasive diagnosis of focal liver masses 
is achieved with CECT and MRI based on recognized 
enhancement patterns in the arterial and portal venous 
phases. These noninvasive methods of characterization 
have become so accurate that excisional and percutane-
ous biopsy for diagnosis of liver masses is now rarely 
performed. Over the last decade, however, contrast-
enhanced ultrasound has joined the ranks of CT and 
MRI in providing similar diagnostic information as well 
as information unique to CEUS.133

To address a failed Doppler ultrasound examination 
of a focal liver lesion, the two basic remedies are (1) 
inject a microbubble contrast agent to enhance the 
Doppler signal from blood and (2) use a specialized 
imaging technique such as pulse inversion sonography, 
which allows preferential detection of the signal from the 
contrast agent with suppression of the signal from back-
ground tissue.

Ultrasound contrast agents currently in use are sec-
ond-generation agents comprising tiny bubbles of a per-
fluorocarbon gas contained within a stabilizing shell. 
Microbubble contrast agents are blood pool agents that 
do not diffuse through the vascular endothelium. This 
is of potential importance when imaging the liver because 
comparable contrast agents for CT and MRI may diffuse 
into the interstitium of a tumor. Our personal experience 
with perfluorocarbon microbubble agents is largely based 
on the use of Definity (Lantheus Medical Imaging, Bil-
lerica, Mass) and brief exposure to Optison (GE Health-
care, Milwaukee).134,135

Microbubble contrast agents are approved for use in 
liver imaging in more than 70 countries. In our clinical 
practice, we routinely perform CEUS for characteriza-
tion of incidentally detected liver masses, those found on 
surveillance scans of patients at risk for HCC, and any 
focal mass referred by our clinicians found on outside 
imaging or indeterminate on CT and MRI. In the 
United States, however, microbubble use in abdominal 
imaging has not yet been approved.136

Microbubble contrast agents for ultrasound are unique 
in that they interact with the imaging process.135 The 
major determinant of this interaction is the peak nega-
tive pressure of the transmitted ultrasound pulse, reflected 
by the mechanical index (MI), a number displayed on 
the ultrasound machine. The bubbles show stable, non-
linear oscillation when exposed to an ultrasound field 
with a low MI, with the production of harmonics of the 
transmitted frequency, including the frequency double 
that of the sound emitted by the transducer, the second 
harmonic. When the MI is raised sufficiently, the 
bubbles undergo irreversible disruption, with the pro-
duction of a brief but bright, high-intensity ultrasound 
signal (see Chapter 3).

Liver lesion characterization with microbubble con-
trast agents is based on lesional vascularity and lesional 
enhancement in the arterial and portal venous phase. 
Lesional vascularity assessment depends on continuous 
imaging of the agents while they are within the vascular 
pool. We document the presence, number, distribution, 
and morphology of any lesional vessels (Figs. 4-41 and 
4-42). A low MI is essential because it will preserve the 
contrast agent population without destruction of the 
bubbles in the imaging field, allowing for prolonged 
periods of real-time observation. The morphology of the 
lesional vessels is discriminatory and facilitates the diag-
nosis of liver lesions.
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FIGURE 4-41. Hepatocellular carcinoma. Characterization of a focal liver mass with microbubble contrast agents. A, Baseline 
gray-scale image shows a posterior focal mass that is hypoechoic. B, Taken at the same location with low mechanical index (MI), before 
arrival of microbubbles, the entire image now appears black. The lesion is not visible. C and D, Real-time images obtained with low MI. 
C, As the bubbles appear in the field of view, disorganized echogenic vessels are seen in the liver and in the lesion. D, Later in the arterial 
phase, more vessels are seen in the lesion than in the liver. E, Arterial phase image, at the peak of enhancement, shows the mass is hyper-
vascular. F, Portal venous phase image shows that the liver is enhanced. The lesion is less echogenic than the liver or has “washed out.”
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FIGURE 4-42. Discriminatory features of vascular imaging with microbubble contrast agents. Left side, 
Baseline images; right side, vascular images. Top row, Hepatocellular carcinoma. A, Baseline shows an exoplytic mass in segment 6. 
B, Vessels in the anterior part of the lesion are tortuous and dysmorphic. Middle row, Focal nodular hyperplasia. C, Lesion is barely 
visible. D, Stellate vessels are classic for this diagnosis. Bottom row, Hemangioma. E, Baseline image shows the lesion is heterogeneous 
with a thin, echogenic border. F, Low-MI vascular image shows brightly enhanced peripheral nodules and pools. There are no visible 
linear vessels. (From Brannigan M, Burns PNB, Wilson SR. Blood flow patterns in focal liver lesions at microbubble enhanced ultrasound. 
Radiographics 2004; 24:921-935.)
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on an arterial phase sequence (see Fig. 4-41, E). Con-
versely, a hypoperfused lesion will appear as a dark or 
hypoechoic region within the enhanced liver on an arte-
rial phase sequence.

Currently, evaluation of lesional enhancement is 
usually performed with the low-MI technique just 
described. However, details of vessel morphology and 
lesional enhancement are even more sensitively assessed 
using a bubble-tracking technique called maximum-
intensity projection (MIP) imaging.137 In this tech-
nique, performed either at wash-in of contrast or at the 
peak of arterial phase enhancement, a brief high-MI 
exposure will destroy all the bubbles within the FOV. 
Sequential frames, as the lesion and liver are reperfused, 
track the bubble course by adding information between 
sequential frames.

There are established algorithms for the diagnosis of 
focal liver masses with CEUS, with similarities to CT 
and MR algorithms but also important differences138-140 
(Table 4-3). Diagnosis of benign liver masses, heman-
gioma, and focal nodular hyperplasia (FNH) is close 
to 100%, showing characteristic features of enhance-
ment in the arterial phase and sustained enhancement in 
the portal venous phase, such that their enhancement 
equals or exceeds the enhancement of the adjacent  
liver. Malignant tumors, by comparison, tend to show 
washout, such that the tumor appears unenhanced in the 
portal venous phase of enhancement (see Fig. 4-41, F). 
Exceptions to this general rule include frequent washout 
of benign hepatic adenoma and delayed or no washout 
of HCC. Discrimination of benign and malignant liver 
masses has similarly high accuracy.141

Liver Mass Detection

Contrary to popular belief, excellent spatial resolution 
allows small lesions to be well seen on sonography. 
Therefore it is not size but echogenicity that determines 
lesion conspicuity on a sonogram. That is, a tiny mass 
of only a few millimeters will be easily seen if it is 
increased or decreased in echogenicity compared with 
the adjacent liver parenchyma. Because many metastases 
are either hypoechoic or hyperechoic relative to the liver, 
a careful examination should allow for their detection. 
Nonetheless, many metastatic lesions are of similar echo-
genicity to the background liver, making their detection 
difficult or impossible, even if they are of a substantial 
size. This occurs when the backscatter from the lesion is 
virtually identical to the backscatter from the liver 
parenchyma.

To combat this inherent problem of lack of contrast 
between many metastatic liver lesions and the back-
ground liver on conventional sonography, the most 
effective method to date to improve lesion visibility is to 
perform contrast-enhanced liver ultrasound (Fig. 4-44). 
The two methods available both produce enhancement 
of the background liver without enhancement of the 

Lesional enhancement is best determined by com-
paring the echogenicity of the lesion to the echogenicity 
of the liver at a similar depth on the same frame and 
requires knowledge of liver blood flow. The liver has a 
dual blood supply from the hepatic artery and portal 
vein. The liver derives a larger proportion of its blood 
from the portal vein, whereas most liver tumors derive 
their blood supply from the hepatic artery. At the initia-
tion of the injection, the low-MI technique will cause 
the entire field of view (FOV) to appear virtually black, 
regardless of the baseline appearance of the liver and the 
lesion in question. In fact, a known mass may be invis-
ible at this point (see Fig. 4-41, B). As the microbubbles 
arrive in the FOV, the discrete vessels in the liver (Fig. 
4-43) and then those within a liver lesion will be visual-
ized, followed by increasing generalized enhancement as 
the microvascular volume of liver and lesion fills with 
the contrast agent. The liver parenchyma will appear 
more echogenic in the arterial phase than at baseline, and 
even more enhanced in the portal venous phase, as a 
reflection of its blood flow. Vascularity and enhance-
ment patterns of a liver lesion, by comparison, will there-
fore reflect the actual blood flow and hemodynamics of 
the lesion in question, such that a hyperarterialized mass 
will appear more enhanced against a less enhanced liver 

FIGURE 4-43. Normal liver vasculature. Temporal 
maximum-intensity projection image shows accumulated enhance-
ment in 11 seconds after contrast material arrives in liver. Unprec-
edented depiction of vessel structure to fifth-order branching is 
evident. Focal unenhanced region (arrow) is slowly perfusing hem-
angioma. (From Wilson SR, Jang HJ, Kim TK, et al. Real-time 
temporal maximum-intensity-projection imaging of hepatic lesions 
with contrast-enhanced sonography. AJR Am J Roentgenol 
2008;190:691-695.)
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TABLE 4-3. SCHEMATIC OF ALGORITHM FOR LIVER MASS DIAGNOSIS  
ON CEUS

Hemangioma or

or

or

or

AP
Peripheral nodular enhancement
Centripetal progression of enhancement

PVP
Complete or partial fill-in

AP
Centrifugal hypervascular enhancement
Stellate arteries

PVP
Sustained enhancement
Hypoechoic central scar

AP
Diffuse or centripetal hypervascular enhancement
Dysmorphic arteries

PVP
Sustained enhancement
Soft wash out

AP
Rim enhancement
Diffuse hypervascular
Hypovascular

PVP
Fast washout

FNH

Adenoma

Metastases

Arterial phase (AP)

(+) Enhancement (–) enhancement
(wash out)

Soft wash out

Portal venous phase (PVP)

From Wilson SR, Burns PN. Microbubble contrast enhanced ultrasound in body imaging: what role? Radiology 2010.
FNH, Focal nodular hyperplasia.

metastatic lesions, thereby improving their conspicuity. 
Although their mechanism of action is different, in both 
there is microbubble enhancement of the normal liver 
with no enhancement of the liver metastases. This 
increases the backscatter from the liver compared with 
the liver lesions, thereby improving their detection.

The first method used the first-generation contrast 
agent Levovist (Schering AG, Berlin). After clearance of 
the contrast agent from the vascular pool, the micro-
bubble persisted in the liver, probably within the Kupffer 
cells on the basis of phagocytosis. A high-MI sweep 
through the liver produced bright enhancement in the 
distribution of the bubbles. Therefore, all normal liver 
enhances. Liver metastases, lacking Kupffer cells, do not 
enhance and therefore show as black or hypoechoic holes 
within the enhanced parenchyma.142 In a multicenter 
study conducted in Europe and Canada in which we 
participated, more and smaller lesions were seen than on 
baseline scan.143 Overall, lesion detection was equivalent 

to CT and MRI. The decibel difference between the 
lesions and the liver parenchyma is increased many fold 
because of increased backscatter from contrast agent 
within the normal liver tissue. Although many results 
were compelling, these first-generation contrast agents 
are no longer marketed.

Therefore, current requirements for improved lesion 
detection use a second technique of CEUS with a per-
fluorocarbon contrast agent and low-MI scanning in 
both the arterial and the portal venous phase. The use 
of a low-MI imaging technique for lesion detection has 
advantages in terms of scanning because the microbub-
ble population is preserved and timing is not so critical. 
Virtually all metastases and HCCs will be unenhanced 
relative to the liver in the portal phase because the liver 
parenchyma is optimally enhanced in this phase. There-
fore, all malignant lesions tend to appear hypoechoic in 
the portal phase, allowing for improved lesion detection 
(see Figs. 4-41, F, and 4-44, C and D). This observation, 
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detection to identification in a symptomatic patient or 
as part of a focused search in a patient at risk for hepatic 
neoplasm. Hemangiomas, FNH, and adenomas are the 
benign neoplasms typically encountered in the liver, 
whereas HCC and metastases account for the majority 
of malignant tumors.

The role of medical imaging in the evaluation of an 
identified focal liver mass is to determine which masses 
are significant, requiring confirmations of their diagno-
ses, and which masses are likely to be insignificant and 
benign, not requiring further evaluation to confirm their 
nature. On a sonographic study, there is considerable 
overlap in the appearances of focal liver masses. Once a 
liver mass is seen, however, the excellent contrast and 
spatial resolution of state-of-the-art ultrasound equip-
ment have provided guidelines for the initial manage-
ment of patients,144 which include recognition of the 
following features:

that malignant lesions tend to be hypoechoic in the 
portal venous phase of perfluorocarbon liver enhance-
ment, is helpful for both lesion detection and lesion 
characterization. Enhancement of benign lesions, FNH, 
and hemangioma generally equals or exceeds liver 
enhancement in the portal venous phase.

Detection of hypervascular liver masses (e.g., HCC, 
metastases) is also improved by scanning with perfluoro-
carbon agents in the arterial phase. These agents will 
show as hyperechoic masses relative to the liver paren-
chyma in the arterial phase because they are predomi-
nantly supplied by hepatic arterial flow.

HEPATIC NEOPLASMS

Sonographic visualization of a focal liver mass may occur 
in a variety of clinical scenarios, ranging from incidental 
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FIGURE 4-44. Improved detection of focal liver masses with microbubble contrast agents. A and B, Levovist 
(Schering, Berlin). A, Baseline sonogram shows a subtle isoechoic mass with a hypoechoic halo. B, Postvascular image shows increased 
echogenicity in the liver. The lesion is strikingly hypoechoic and has increased conspicuity. C and D, Definity (Lantheus Medical Imaging, 
Billerica, Mass). C, Baseline sonogram does not show any metastatic lesions in this patient with lung carcinoma. D, Portal venous phase 
image shows multiple focal unenhanced metastases.
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granular (Fig. 4-45, D-F) or lacelike in character (D); an 
echogenic border, either a thin rim or a thick rind (E-G); 
and a tendency to scalloping of the margin (B).153 Larger 
lesions tend to be heterogeneous, with central hypoechoic 
foci corresponding to fibrous collagen scars (Fig. 4-45, 
C), large vascular spaces, or both. A hemangioma may 
appear hypoechoic within the background of a fatty infil-
trated liver.154 Calcification is rare (Fig. 4-45, I).

Hemangiomas are characterized by extremely slow 
blood flow that will not routinely be detected by either 
color or duplex Doppler sonography. Occasional lesions 
may show a low to midrange kilohertz shift from both 
peripheral and central blood vessels. The ability of  
power Doppler ultrasound, which is more sensitive to 
slow flow, to detect signals within a hemangioma is 
controversial.155

Cavernous hemangiomas are often observed on 
abdominal sonograms performed for any reason, and 
confirmation of all visualized lesions has proved to be 
costly and unnecessary. Therefore it is considered accept-
able practice to manage some patients conservatively 
without confirmation of the diagnosis. When a hyper-
echoic lesion typical of a cavernous hemangioma is inci-
dentally discovered, no further examination is usually 
necessary, or at most, a repeat ultrasound is performed 
in 3 to 6 months to document lack of change.

Conversely, potentially significant lesions may mimic 
the morphology of a hemangioma on ultrasound and 
produce a single mass or multiple masses of uniform 
increased echogenicity. These include metastases from a 
colon primary or a vascular primary tumor, such as a 
neuroendocrine tumor and small HCCs in particular. In 
a prospective evaluation of 1982 patients with newly 
diagnosed cirrhosis, Caturelli et al.156 found that 50% of 
echogenic liver lesions with morphology suggestive of 
hemangioma had that diagnosis, although 50% of these 
proved to be HCC. The authors also showed that in 
1648 patients with known cirrhosis and new appearance 
of an echogenic hemangioma-like mass, all were HCC. 
These results emphasize the extreme necessity to prove 
the diagnosis of all masses with this morphology in high-
risk patients. Therefore, in a patient with a known malig-
nancy, an increased risk for hepatoma, abnormal results 
of LFTs, clinical symptoms referable to the liver, or an 
atypical sonographic pattern, one of the following addi-
tional imaging techniques is generally recommended to 
confirm the suspicion of hemangioma: microbubble-
enhanced sonography, CT, red blood cell (RBC) scin-
tigraphy, or MRI.

In the arterial phase on CEUS, hemangiomas show 
peripheral puddles and pools that are brighter than the 
adjacent enhanced liver parenchyma. There are no linear 
vessels. Over time, centripetal progression of the enhance-
ment leads to complete globular fill-in, with sustained 
enhancement equal to or better than the liver in the 
portal venous phase, which may last for several minutes157 
(Fig. 4-46). This enhancement may occur rapidly or 

• A hypoechoic halo identified around an echogenic 
or isoechoic liver mass is an ominous sonographic 
sign necessitating definitive diagnosis.

• A hypoechoic and solid liver mass is highly likely 
to be significant and also requires definitive 
diagnosis.

• Multiple solid liver masses may be significant and 
suggest metastatic or multifocal malignant liver 
disease. However, hemangiomas are also frequently 
multiple.

• Clinical history of malignancy, chronic liver disease 
or hepatitis, and symptoms referable to the liver are 
requisite information for interpretation of a focal 
liver lesion.

Benign Hepatic Neoplasms

Cavernous Hemangioma

Cavernous hemangiomas are the most common benign 
tumors of the liver, occurring in approximately 4% of 
the population. They occur in all age groups but are 
more common in adults, particularly women, with a 
female/male ratio of approximately 5 : 1.145 The vast 
majority of hemangiomas are small, asymptomatic, and 
discovered incidentally. Large lesions may rarely produce 
symptoms of acute abdominal pain, caused by hemor-
rhage or thrombosis within the tumor. Thrombocytope-
nia, caused by sequestration and destruction of platelets 
within a large cavernous hemangioma (Kasabach-Merritt 
syndrome), occasionally occurs in infants and is rare in 
adults.

Traditional teaching suggests that once identified in 
the adult, hemangiomas usually have reached a stable 
size, rarely changing in appearance or size.146,147 In our 
practice, however, we have documented substantial 
growth of some lesions over many years of follow-up. 
Hemangiomas may enlarge during pregnancy or with 
the administration of estrogens, suggesting the tumor is 
hormone dependent.

Histologically, hemangiomas consist of multiple vas-
cular channels that are lined by a single layer of endo-
thelium and separated and supported by fibrous septa. 
The vascular spaces may contain thrombi.

The sonographic appearance of cavernous heman-
gioma varies. Typically the lesion is small (<3 cm in 
diameter), well defined, homogeneous, and hyper-
echoic148 (Fig. 4-45, A). The increased echogenicity has 
been related to the numerous interfaces between the 
walls of the cavernous sinuses and the blood within.149 
Inconsistently seen and nonspecific, posterior acoustic 
enhancement has been correlated with hypervascularity 
on angiography150 (Fig. 4-45, H). Approximately 67% 
to 79% of hemangiomas are hyperechoic,151,152 of which 
58% to 73% are homogeneous.147,150 Other now-familiar 
features include a nonhomogeneous central area contain-
ing hypoechoic portions, which may appear uniformly 
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FIGURE 4-45. Hemangiomas: spectrum of appearances. Top row, Classic morphology. A, Multiple small echogenic 
masses. B, Single large, lobulated echogenic mass. C, Echogenic lobulated mass with a hypoechoic area centrally, probably related to central 
thrombosis or scarring. Middle row, Atypical morphology. D, Atypical hemangioma. It is hypoechoic and has a thin echogenic border. 
E, Classic and atypical morphologies. The atypical hemangioma has a thick, uniform echogenic border. F, Atypical hemangioma is 
partially hypoechoic centrally with an irregular echogenic rim. Bottom row, Infrequent observations. G, Exophytic hemangioma bulging 
from the left lateral lobe of the liver. H, Hypoechoic mass with increased through transmission, a suggestive but infrequently encountered 
sign of hemangioma. I, Central calcification in a hemangioma with distal acoustic shadowing. This is a rare ending in hemangiomas.

slowly and may be incomplete, even in the delayed portal 
venous phase (Video 4-5). We have diagnosed almost 
100% of hemangiomas with CEUS, including those of 
small size, removing the necessity for CT, MRI, or 
labeled-RBC scintigraphy for confirmation of diagnosis, 
particularly in incidentally detected lesions. We hope 
that in the future, most hemangiomas seen on ultra-
sound will be confirmed with CEUS.

In a small minority of patients, imaging will not allow 
definitive diagnosis of hemangioma. Percutaneous biopsy 
of hepatic hemangiomas has been safely performed.158,159 
Cronan et al.159 performed biopsies on 15 patients (12 
of whom were outpatients) using a 20-gauge Franseen 
needle. In all patients the histologic sample was diagnos-
tic and was characterized by large spaces with an endo-
thelial lining. It is recommended that normal liver be 
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FIGURE 4-46. Characterization of hemangioma with Definity enhancement. Resolution of an indeterminate mass 
on CT scan is shown in a 65-year-old man with carcinoma of the esophagus. A, CT scan of the thorax shows an indeterminate incidental 
enhanced mass in the left lobe of the liver. B, Sagittal sonogram shows the mass is hypoechoic. C, D, and E, are frames taken between 
10 and 14 seconds after the injection of contrast agent. They show peripheral nodular enhancement and centripetal progression of enhance-
ment in spite of the rapidity of lesion filling. This is a classic flash-filling hemangioma. The lesion remained enhanced to 5 minutes (not 
shown). See also Video 4-5. (From Wilson SR, Burns PN. Microbubble enhanced ultrasound imaging: what role? Radiology 2010 [in press].)

interposed between the abdominal wall and the heman-
gioma to allow hepatic tamponade of any potential 
bleeding.

Focal Nodular Hyperplasia

Focal nodular hyperplasia is the second most common 
benign liver mass after hemangioma.160 These masses 
are believed to be developmental hyperplastic lesions 
related to an area of congenital vascular malformation, 
probably a preexisting arterial spiderlike malforma-
tion.161 Hormonal influences may be a factor because 
FNH is much more common in women than men, 
particularly in the childbearing years.162-164 As with hem-
angioma, FNH is invariably an incidentally detected 
liver mass in an asymptomatic patient.162

Focal nodular hyperplasia is typically a solitary well-
circumscribed mass with a central scar.162 Most lesions 
are less than 5 cm in diameter. Although usually single, 

multiple FNH masses have been reported. Microscopi-
cally, lesions include normal hepatocytes, Kupffer cells, 
biliary ducts, and the components of portal triads, 
although no normal portal venous structures are  
found. As a hyperplastic lesion, there is proliferation of 
normal, nonneoplastic hepatocytes that are abnormally 
arranged. Bile ducts and thick-walled arterial vessels  
are prominent, particularly in the central fibrous scar. 
The excellent blood supply makes hemorrhage, necrosis, 
and calcification rare.162 These lesions often produce 
a contour abnormality to the surface of the liver or  
may displace the normal blood vessels within the 
parenchyma.

On sonography, FNH is often a subtle liver mass that 
is difficult to differentiate in echogenicity from the adja-
cent liver parenchyma. Considering the histologic simi-
larities to normal liver, this is not a surprising fact and 
has led to descriptions of FNH on all imaging as a 
“stealth lesion” that may be extremely subtle or com-
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pletely hidden.165 Subtle contour abnormalities (Figs. 
4-47 and 4-48, E and F) and displacement of vascular 
structures should immediately raise the possibility of 
FNH. The central scar may be seen on gray-scale sono-
grams as a hypoechoic, linear or stellate area within the 
central portion of the mass166 (Fig. 4-48, A). On occa-
sion, the scar may appear hyperechoic. FNH may also 
display a range of gray-scale appearances, from hypoechoic 
to rarely hyperechoic.

Doppler ultrasound features of FNH are highly 
suggestive, in that well-developed peripheral and central 
blood vessels are seen. Pathologic studies in FNH 
describe an anomalous arterial blood vessel larger than 
expected for the location in the liver.161 Our experience 
suggests that this feeding vessel is usually quite obvious 
on color Doppler imaging, although other vascular 
masses may appear to have unusually large feeding vessels 
as well.167 The blood vessels can be seen to course within 
the central scar with either a linear or a stellate configura-
tion. Spectral interrogation usually shows predominantly 
arterial signals centrally, with a midrange (2-4 kHz) 
shift.

Similar to hemangioma, FNH is consistently diag-
nosed with CEUS.168-171 In the arterial phase, lesions 
are hypervascular, and highly suggestive morphologies 
include the presence of stellate lesional vessels, a tortuous 
feeding artery, and a centrifugal filling direction (Fig. 
4-49). Arterial phase enhancement is homogeneous and 
in excess of the adjacent liver. Portal venous enhance-
ment is sustained such that lesion enhancement equals 
or exceeds that of adjacent liver with a nonenhancing 
scar (Video 4-6). Infrequently, FNH may show washout, 
which is often weak and delayed. An unenhanced scar 
may be seen in both arterial and portal phases. Ultra-
sound alone should be able to suggest the presence of 
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FIGURE 4-47. Focal nodular hyperplasia. A, Sagittal, and B, transverse, sonograms show a subtle, isoechoic caudate lobe mass. 
The contour variation is the key to appreciating the presence of this mass.

these insignificant lesions without referral for further 
imaging.

Sulfur colloid scanning is invaluable in patients with 
suspect FNH because 50% of lesions will take up sulfur 
colloid similar to the adjacent normal liver, and another 
10% will be “hot.” Therefore, only 40% of patients with 
FNH will lack confirmation of their diagnosis after per-
forming a sulfur colloid scan.171,172 In these patients, 
CECT or MRI may be performed for diagnosis. Primo-
vist-enhanced MRI shows improved specificity for the 
diagnosis of FNH.173

Biopsy may be required in a minority of patients with 
FNH who do not have a hot or a warm lesion on sulfur 
colloid scanning, especially if CT or MRI features are 
not specific. Cytologic biopsy is not confirmatory because 
normal hepatocytes may be found in normal liver, 
adenoma, and FNH. Core liver biopsy is required to 
show the disorganized pattern characteristic of this 
pathology. Because FNH rarely leads to clinical prob-
lems and does not undergo malignant transformation, 
conservative management is recommended.174

Hepatic Adenoma

Hepatic adenomas are much less common than FNH. 
However, a dramatic rise in their incidence since the 
1970s clearly established a link to oral contraceptive 
(OC) use. As expected, therefore, hepatic adenomas, 
similar to FNH, are more common in women. The 
tumor may be asymptomatic, but often the patient or 
the physician feels a mass in the right upper quadrant. 
Pain may occur as a result of bleeding or infarction 
within the lesion. The most alarming manifestation is 
shock caused by tumor rupture and hemoperitoneum. 
Hepatic adenomas have also been reported in association 
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FIGURE 4-48. Focal nodular hyperplasia (FNH) in three patients. Gray-scale equivalents (A, C, and E) of color Doppler 
images (B, D, and F). A, Virtually normal image only suggests an isoechoic and subtle mass. B, Doppler image shows a stellate arterial 
pattern and confirms the authenticity of the observation. C, Fatty liver and focal hypoechoic region in the tip of segment 3. Fatty sparing 
was considered. D, Doppler features show a hypervascular mass with a stellate appearance, the classic finding in FNH. E, Contour-altering 
mass in the right lobe of the liver. F, Doppler image again shows the central stellate vascularity suggesting FNH. This hypervascularity 
with stellate vasculature is usually readily observed with conventional sonography in FNH.
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FIGURE 4-49. Focal nodular hyperplasia. Asymptomatic 22-year-old woman with FNH showing superb vessel delineation on 
arterial phase contrast-enhanced ultrasound (CEUS) images taken with temporal maximum-intensity projection (MIP) technique.  
A, Baseline sagittal image shows bulbous expansion of tip of left lobe of liver. B to E, Sequential images taken in the arterial phase of 
CEUS showing stellate vascularity and centrifugal filling. F, Image in portal venous phase at 3 minutes shows sustained enhancement and 
central unenhancing scar (arrow). See also Video 4-6. (From Wilson SR, Greenbaum LD, Goldberg BB. Contrast-enhanced ultrasound: what 
is the evidence and what are the obstacles? AJR Am J Roentgenol 2009;193:55-60.)
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With hemorrhage, a fluid component may be evident 
within or around the mass (Fig. 4-52), and free intra-
peritoneal blood may be seen. The sonographic changes 
with bleeding are variable, depending on the duration 
and amount of hemorrhage.

Differentiation of hepatic adenomas from FNH is 
often not possible by their gray-scale or Doppler charac-
teristics. Further, both have a similar demographic, 
occurring in young women in their childbearing years, 
often with a history of OC use. Both demonstrate well-
defined perilesional and intralesional blood vessels with 
shifts in the midrange (2-4 kHz). Golli et al.167 described 
increased venous structures within the center of hepatic 
adenomas and a paucity of arterial vessels. In our experi-
ence, this has not been a constant finding; although we 
believe hepatic adenomas are substantially less vascular 

with glycogen storage disease. In particular, the fre-
quency of adenoma for type 1 GSD (von Gierke’s 
disease) is 40%.175 Because of its propensity to hemor-
rhage and risk of malignant degeneration,174 surgical 
resection is recommended.

Pathologically, a hepatic adenoma is usually solitary, 
8 to 15 cm, and well encapsulated. Microscopically, the 
tumor consists of normal or slightly atypical hepatocytes. 
Bile ducts and Kupffer cells are few or absent.176 Hepatic 
adenomas may show either calcification or fat (Fig. 
4-50), both of which appear echogenic on sonography, 
making their gray-scale appearance suggestive in some 
cases.

The sonographic appearance of hepatic adenoma 
is nonspecific. The echogenicity may be hyperechoic 
(Figs. 4-50 and 4-51), hypoechoic, isoechoic, or mixed.172 

BA

FIGURE 4-50. Hepatic adenoma. A, Sonogram, and B, confirmatory CT scan, show a large exophytic liver mass in an asymp-
tomatic young woman. The mass shows highly echogenic foci, which correspond to areas of fat and calcification on the CT scan.
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FIGURE 4-51. Hepatic adenoma: gray-scale appearances. A, Sagittal sonogram of the left lobe of the liver of an asymp-
tomatic 35-year-old man shows a highly echogenic mass. It is unusual to see an adenoma in an otherwise normal man. B, Oblique 
sonogram of a 26-year-old Chinese woman shows a highly echogenic mass with a hypoechoic halo. The hypoechoic halo was related to 
a surrounding zone of liver atrophy on biopsy.
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required to distinguish them. Differentiation is generally 
possible with CEUS; although it shows a hypervascular 
mass in the arterial phase similar to FNH,178 hepatic 
adenoma is characterized by centripetal filling and non-
homogeneity. Also, multiple reports document possible 
portal venous phase washout, although with differing 
likelihood (Video 4-7). Our impression also is that 
hepatic adenoma, although hypervascular, does not show 
the profuse vascularity typical of FNH (Fig. 4-53).

In a patient with right upper quadrant (RUQ) pain 
and possible hemorrhage, it is important to perform an 
unenhanced CT scan of the liver before contrast injec-
tion. The hemorrhage will appear as high-density regions 
within the mass (see Fig. 4-52, C). The lesion often 
demonstrates rapid, transient enhancement during the 
arterial phase.179 Hepatic adenomas have a variable 

than most FNH masses and certainly do not show either 
the intralesional or perilesional vascular tortuosity associ-
ated with FNH. Most adenomas are cold on technetium-
99m sulfur colloid imaging as a result of absent or greatly 
decreased numbers of Kupffer cells. Isolated cases of 
radiocolloid uptake by the adenoma have been reported.177 
Hepatobiliary scans may be helpful in the diagnosis of 
hepatic adenomas. Because these lesions do not contain 
bile ducts, the tracer is not excreted, and the mass persists 
as a photon-active region.

In the typical clinical scenario, differentiation of FNH 
from adenoma poses a regular problem. Both masses are 
frequently incidentally detected in asymptomatic 
women, and both produce a hypervascular mass in the 
arterial phase. Their significance and management are 
totally different, and therefore more subtle features are 
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FIGURE 4-52. Bleeding hepatic adenomas. A and B, Sonograms of two young women presenting with acute abdominal pain 
from hemorrhage into hepatic adenomas. The masses are highly complex, and their appearance in a patient with pain suggests hemorrhage 
into a preexisting lesion. C, Unenhanced, and D, enhanced, CT scans of the patient in B show the value of the unenhanced scan, which 
confirms the high-attenuation blood within the adenoma.
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echo181 (Fig. 4-54, A). CT confirms the diagnosis and 
reveals the fatty nature of the mass by the negative 
Hounsfield units (−30 HU)180,183 (Fig. 4-54, B). Angio-
myolipomas, by comparison, may also appear echogenic 
on sonography (Fig. 4-54, C), although they may have 
insufficient fat to appear consistently with fatty attenu-
ation on CT, making diagnostic confirmation more dif-
ficult without biopsy.

Malignant Hepatic Neoplasms

Hepatocellular Carcinoma

Hepatocellular carcinoma is one of the most common 
malignant tumors, particularly in Southeast Asia, sub-
Saharan Africa, Japan, Greece, and Italy. HCC occurs 

appearance on MRI and cannot always be distinguished 
from HCC.

Fatty Tumors: Hepatic Lipomas  
and Angiomyolipomas

Hepatic lipomas are extremely rare, and only isolated 
cases have been reported in the radiologic literature.180-182 
There is an association between hepatic lipomas and 
renal angiomyolipomas and tuberous sclerosis. The 
lesions are asymptomatic. Ultrasound demonstrates a 
well-defined echogenic mass indistinguishable from a 
hemangioma, echogenic metastasis, or focal fat, unless 
the mass is large and near the diaphragm, in which case 
differential sound transmission through the fatty mass 
will produce a discontinuous or broken diaphragm 
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FIGURE 4-53. Hepatic adenoma: maximum-intensity projection (MIP) imaging. A, Baseline scan on an asymp-
tomatic 29-year-old woman with abnormal liver function tests shows a fatty liver and superficial hypoechoic focal mass. B, Early arterial 
phase MIP image shows diffuse vascularity. C, At the peak of arterial phase enhancement, the mass is hypervascular and homogeneous. 
D, In the portal venous phase the mass shows washout, necessitating confirmation of diagnosis with biopsy. See also Video 4-7. (From 
Wilson SR, Burns PN. Microbubble enhanced ultrasound imaging: what role? Radiology 2010 [in press].)
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The clinical presentation of HCC is often delayed 
until the tumor reaches an advanced stage. Symptoms 
include RUQ pain, weight loss, and abdominal swelling 
when ascites is present.

Pathologically, HCC occurs in the following three 
forms:
Solitary tumor
Multiple nodules
Diffuse infiltration

There is a propensity toward venous invasion. The 
portal vein is involved in 30% to 60% of cases and more 
often than the hepatic venous system.184-186

The sonographic appearance of HCC is variable. 
The masses may be hypoechoic, complex, or echogenic. 
Most small (<5 cm) HCCs are hypoechoic (Fig. 4-55, 

predominantly in men, with a male/female ratio of 
approximately 5 : 1.176 Etiologic factors depend on the 
geographic distribution. Although alcoholic cirrhosis 
remains a common predisposing cause for hepatoma in 
the West, both hepatitis C and hepatitis B are now of 
worldwide significance. These viral infections also 
account for the high incidence of HCC in sub-Saharan 
Africa, Southeast Asia, China, Japan, and in the Mediter-
ranean. Of growing importance in the Western world, 
fatty liver with the development of steatohepatitis is 
increasing in significance as an antecedent to the devel-
opment of cirrhosis and HCC. Aflatoxins, toxic metabo-
lites produced by fungi in certain foods, have also been 
implicated in the pathogenesis of hepatomas in develop-
ing countries.176
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FIGURE 4-54. Fatty tumors of liver: lipoma and angiomyolipoma. A, Sonogram shows a highly echogenic, solid focal 
liver mass, which initially suggests a hemangioma. The discontinuity of the diaphragm echo caused by the altered rate of sound trans-
mission is a clue to the correct diagnosis. B, Confirmatory CT scan shows the fat density of the mass, a confirmed hepatic lipoma. C and 
D, Another highly echogenic and slightly exophytic mass in the liver, initially suggesting a hemangioma. (A and B from Reinhold C, Garant 
M. Hepatic lipoma. Can Assoc Radiol J 1996;47:140-142; C and D from Wilson SR. The liver. Gastrointestinal disease. 6th series. Test and 
syllabus. Reston, Va, 2004, American College of Radiology.)
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tion, cavernous hemangiomas, and lipomas.187,188,191 
Intratumoral fat also occurs in larger masses; because it 
tends to be focal, it is unlikely to cause confusion in 
diagnosis. Patients with rare surface lesions may present 
with spontaneous rupture and hemoperitoneum (Fig. 
4-55, I).

Studies evaluating focal liver lesions with duplex 
Doppler and CDFI suggest HCC has characteristic 
high-velocity signals.192-194 Doppler sonography is excel-
lent for detecting neovascularity within tumor thrombi 

A), corresponding histologically to a solid tumor without 
necrosis.187,188 A thin, peripheral hypoechoic halo, which 
corresponds to a fibrous capsule, is seen most often in 
small HCCs.189 With time and increasing size, the masses 
tend to become more complex and inhomogeneous as a 
result of necrosis and fibrosis (Fig. 4-55, E). Calcification 
is uncommon but has been reported.190 Small tumors 
may appear diffusely hyperechoic, secondary to fatty 
metamorphosis or sinusoidal dilation (Fig. 4-55, C), 
making them indistinguishable from focal fatty infiltra-
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FIGURE 4-55. Hepatocellular carcinoma: spectrum of appearances. A, Small, focal hypoechoic nodules. B, Multifocal 
hypoechoic nodules, which may be difficult to differentiate from the background cirrhotic nodules. C, Focal echogenic nodule mimicking 
hemangioma, D, Large echogenic nodule in a cirrhotic liver. E, Large mixed-echogenic mass. Hypoechoic regions corresponded at pathol-
ogy to areas of necrosis. F, Large lobulated mass with central hypoechoic region suggesting a scar. G, Expansive tumor filling the portal 
vein is the only observation on the sonogram. H, Small cirrhotic liver showing exophytic tumors. I, Superficial mass of mixed echogenicity 
in a young hepatitis B patient presenting with spontaneous liver rupture.
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detection of lesional vascularity (Table 4-4). Lesions are 
hypervascular, often showing dysmorphic vessels (see 
Fig. 4-42, B) and frequently showing unenhanced 
regions representing either necrosis or scarring195,196 (Fig. 
4-57). In the portal venous phase, lesions show washout, 

within the portal veins, diagnostic of HCC even without 
demonstration of the parenchymal lesion (Fig. 4-56).

Highly superior to conventional Doppler sonography 
for characterization of HCC in the cirrhotic liver, 
microbubble CEUS is much more sensitive for the 
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FIGURE 4-56. Malignant portal vein 
thrombus from hepatocellular carci-
noma. A, Long-axis view of the portal vein 
shows extensive intraluminal soft tissue masses.  
B, Addition of color Doppler flow imaging shows 
a disorganized flow pattern with multiple flow 
velocities and color aliasing. C, Spectral waveform 
from within the lumen of the portal vein shows 
arterial waveforms suggesting neovascularity.  
D and E, Contrast-enhanced CT scans show the 
thrombus and confirm the neovascularity.
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TABLE 4-4. SCHEMATIC OF ALGORITHM FOR DIAGNOSIS OF NODULES  
IN CIRRHOTIC LIVER ON CEUS

Typical
AP: Hypervascular

PVP: Washout

AP: Isovascular

PVP: Washout

AP: Hypervascular

PVP/Delayed PVP: No washout

AP: Hypervascular

Delayed washout

AP: Transient hypovascular

PVP: Isovascular

AP and PVP: Isovascular

AP variation

HCC

Benign

Nodules

PVP variation

DN

RN

AP PVP

Overlap between DN and WDHCC
(Any arterial enhancing foci or dysmorphic vessels within a nodule or
obvious washout during portal phase should raise a suspicion of HCC.)

Delayed PVP

(+) Enhancement (–) enhancement
(wash out)

Isovascular

HCC, Hepatocellular carcinoma; AP, arterial phase; PVP, portal venous phase; DN, dysplastic nodules; RN, regenerative nodules; WDHCC, 
well-differentiated hepatocellular carcinoma.

From Wilson SR, Burns PN. Microbubble contrast enhanced ultrasound in body imaging: what role? Radiology 2010 (in press).

such that they are less enhanced than the adjacent liver 
(Video 4-8; see Fig. 4-41, F). Variations to this classic 
pattern are now well described195 and include arterial 
phase hypovascularity and delayed or no washout in the 
portal venous phase (Fig. 4-58). Regenerative nodules, 
by comparison, show similar arterial phase and portal 
venous phase vascularity and enhancement to the 
remainder of the cirrhotic liver. Dysplastic nodules may 
show transient arterial phase hypovascularity followed by 
isovascularity. Identification of this feature prompts 
biopsy in our institution.

Microbubble-enhanced sonography may contribute 
also to the detection of HCC. Sweeps of the liver in 
the arterial phase may detect hypervascular foci poten-
tially representing HCC. Sweeps in the portal venous 
phase, by comparison, show HCC as hypoechoic or 
washout regions, again allowing for the detection of 

unsuspected lesions. The arterialized liver of cirrhosis, 
however, is problematic for several reasons. First, it 
shows dysmorphology of all liver vessels, in general, and 
the appreciation of focal increased vascularity in a small 
nodule is more difficult. Portal venous phase imaging 
is also weakened when the liver receives a greater pro-
portion of its blood supply from the hepatic artery. 
Therefore, washout of a specific nodule may not be as 
evident as in a normal liver. This area remains of high 
interest to us, and ongoing investigations are evaluating 
chronically diseased livers. CT197 and MRI198 are fre-
quently performed to screen for and evaluate HCC. 
The importance of CEUS is recognized by the American 
Association for the Study of Liver Diseases (AASLD) 
and has been included in the practice guideline for the 
management of small nodules detected in the surveil-
lance for HCC.199
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hepatomas—are more common in the fibrolamellar 
subtype.

Hemangiosarcoma (Angiosarcoma)

Hepatic hemangiosarcoma is an extremely rare malig-
nant tumor. It occurs almost exclusively in adults, reach-
ing its peak incidence in the sixth and seventh decades 
of life. Hemangiosarcoma is of particular interest because 
of its association with specific carcinogens: Thorotrast, 
arsenic, and polyvinyl chloride.176 Only a few cases of 
hepatic hemangiosarcoma have been reported in the 
radiologic literature. The sonographic appearance is a 
large mass of mixed echogenicity.205,206

Fibrolamellar carcinoma is a histologic subtype of 
HCC found in younger patients (adolescents and young 
adults) without coexisting liver disease. The serum alpha-
fetoprotein levels are usually normal. The tumors are 
usually solitary, 6 to 22 cm, well differentiated, and 
often encapsulated by fibrous tissue.200-202 With 5-year 
survival rates of approximately 25% to 30%, the prog-
nosis is generally better for fibrolamellar carcinoma  
than HCC.203,204 Most patients, however, demonstrate 
advanced disease at diagnosis. Aggressive surgical resec-
tion of tumor is recommended at presentation as well as 
for recurrent disease.202 The echogenicity of fibrolamellar 
carcinoma is variable. Punctate calcification and a central 
echogenic scar—features that are distinctly unusual in 
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FIGURE 4-57. Classic hepatocellular carci-
noma (HCC) detected on surveillance 
ultrasound. A, Small hypoechoic mass in the right 
lobe of a small cirrhotic liver. B, Contrast-enhanced 
ultrasound (CEUS) image at the peak of arterial phase 
enhancement shows classic hypervascularity. C, CEUS 
image in the portal venous phase at 2 minutes. The 
lesion has washed out relative to the more enhanced 
liver. See also Video 4-8. (From Wilson SR, Burns PN. 
Microbubble enhanced ultrasound imaging: what role? 
Radiology 2010 [in press].)
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Metastatic Liver Disease

In the United States, metastatic liver disease is 18 to 20 
times more common than HCC. Detection of metastasis 
greatly alters the patient’s prognosis and often the man-
agement. The incidence of hepatic metastases depends 
on the type of primary tumor and its stage at initial 
detection. At autopsy, 25% to 50% of patients dying 
from cancer have liver metastases. Patients with short-
term survival (<1 year) after initial detection of liver 
metastases are those with HCC and carcinomas of the 
pancreas, stomach, and esophagus. Patients with longer-
term survival are those with head and neck carcinomas 
and carcinoma of the colon. Most patients with mela-
noma have an extremely low incidence of hepatic metas-
tases at diagnosis. Liver involvement at autopsy, however, 
may be as high as 70%.

The most common primary tumors resulting in liver 
metastases, in decreasing order of frequency, are gallblad-
der, colon, stomach, pancreas, breast, and lung. Most 

Hepatic Epithelioid 
Hemangioendothelioma

Epithelioid hemangioendothelioma (EHE) is a rare 
malignant tumor of vascular origin that occurs in adults. 
Soft tissues, lung, and liver are affected. The prognosis 
is variable; many patients survive longer than 5 years 
with or without treatment.207 Hepatic EHE begins as 
multiple hypoechoic nodules, which grow and coalesce 
over time, forming larger, confluent masses that tend to 
involve the periphery of the liver. Foci of calcification 
may be present.207,208 The hepatic capsule overlying the 
lesions of EHE may be retracted inward, secondary to 
fibrosis incited by the tumor; this unusual feature is 
highly suggestive of the diagnosis. Importantly, periph-
eral postchemotherapy metastases and tumors causing 
biliary obstruction and segmental atrophy may have a 
similar appearance.209 The diagnosis of hepatic EHE is 
made by percutaneous liver biopsy and immunohisto-
chemical staining.
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FIGURE 4-58. Multimodality approach to 
diagnosis of hepatocellular carcinoma. 
Small HCC in 59-year-old man with ethanol and hepa-
titis C virus (HCV) cirrhosis. A, Good-quality MRI 
scan is negative, showing no mass on T2-weighted 
images and no hypervascularity on enhanced scan, the 
representative image shown here. B, Baseline sonogram 
shows a single hypoechoic nodule in the right lobe of 
the cirrhotic liver. C, CEUS arterial phase image shows 
clear hypovascularity of the mass. The mass quickly 
became isovascular and did not show washout. Famil-
iarity with the variations of enhancement patterns  
of HCC on CEUS prompted request for biopsy,  
which showed a moderately differentiated HCC. (From 
Wilson SR, Burns PN. Microbubble enhanced ultrasound 
imaging: what role? Radiology 2010 [in press].)
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described the importance of the hypoechoic halo in the 
differentiation of malignant from benign focal hepatic 
lesions. Its identification has a positive and negative pre-
dictive value of 86% and 88%, respectively. Therefore, 
we conclude that although not absolutely indicative of 
malignancy, a halo is seen with lesions that require 
further investigation and confirmation of their nature, 
regardless of the patient’s presentation or status. Radio-
logic-histologic correlation of a hypoechoic halo sur-
rounding a liver mass has revealed that, in the majority 
of cases, the hypoechoic rim corresponds to normal liver 
parenchyma, which is compressed by the rapidly expand-
ing tumor. Less frequently, the hypoechoic rim repre-
sents proliferating malignant cells, tumor fibrosis or 
vascularization, or a fibrotic rim.212-214

The sonographic appearance of metastatic liver disease 
has been described as echogenic, hypoechoic, target,  
calcified, cystic, and diffuse. Although the ultrasound 
appearance is not specific for determining the origin of 
the metastasis, certain generalities apply (Fig. 4-61).

metastases to the liver are blood-borne through the hepatic 
artery or portal vein, but lymphatic spread of tumors from 
stomach, pancreas, ovary, or uterus may also occur. The 
portal vein provides direct access to the liver for tumor 
cells originating from the gastrointestinal tract and prob-
ably accounts for the high frequency of liver metastases 
from organs that drain into the portal circulation.

Advantages of ultrasound as a screening test for meta-
static liver disease include its relative accuracy, speed, 
lack of ionizing radiation, and availability. Further, the 
multiplanar capability of ultrasound allows for excellent 
segmental localization of masses, with the ability to 
detect proximity to or involvement of the vital vascular 
structures. Although isolated reports describe detection 
of metastases on sonography in skilled hands as competi-
tive with CT and MRI,210 sonography is not uniformly 
used as the first-line investigative technique to search  
for metastatic disease worldwide; CT has filled that role. 
Experience suggests that ultrasound without microbub-
ble contrast agents does not compete with triphasic CT 
for metastasis detection.143 Although greatly improved 
with the addition of contrast agents, as described earlier, 
we doubt CEUS will ever be widely used in routine 
clinical practice for the large numbers of patients who 
have scans for metastatic disease. Nonetheless, on a case-
by-case basis, and as a problem-solving modality, CEUS 
may play a contributory role in the evaluation of the 
patient with metastatic liver disease.

On conventional gray-scale sonography, patients 
with metastatic liver disease may present with a single 
liver lesion (Fig. 4-59, A), although more often they 
present with multiple focal liver masses. All metastatic 
lesions in a given liver may have identical sonographic 
morphology; however, biopsy-confirmed lesions of dif-
fering appearances may have the same underlying histol-
ogy. Of importance, metastases may also be present in a 
liver that already has an underlying diffuse or focal 
abnormality, most often hemangioma. Metastatic 
involvement of the liver may take on different forms, 
showing diffuse liver involvement and rarely geographic 
infiltration (Fig. 4-59, C-F).

Knowledge of a prior or concomitant malignancy and 
features of disseminated malignancy at sonography are 
helpful in correct interpretation of a sonographically 
detected liver masses. Although no confirmatory features 
of metastatic disease are seen on sonography, suggestive 
features include multiple solid lesions of varying size 
and a hypoechoic halo surrounding a liver mass. A halo 
around the periphery of a liver mass on sonography is an 
ominous sign strongly associated with malignancy, par-
ticularly metastatic disease but also HCC.

In our investigation of 214 consecutive patients with 
focal liver lesions, 66 had lesions that showed a 
hypoechoic halo; 13 had HCCs (Fig. 4-60, A and B); 43 
had metastases (Fig. 4-60, C-F); four had focal nodular 
hyperplasia; and two had adenomas (see Fig. 4-51). Four 
lesions were unconfirmed. In 1992, Wernecke et al.211 

METASTATIC LIVER DISEASE: 
COMMON PATTERNS

ECHOGENIC METASTASES
Gastrointestinal tract
Hepatocellular carcinoma
Vascular primaries
Islet cell carcinoma
Carcinoid
Choriocarcinoma
Renal cell carcinoma

HYPOECHOIC METASTASES
Breast cancer
Lung cancer
Lymphoma
Esophagus, stomach, and pancreas

BULL’S-EYE OR TARGET PATTERN
Lung cancer

CALCIFIED METASTASES
Frequently: mucinous adenocarcinoma
Less frequently: osteogenic sarcoma
Chondrosarcoma
Teratocarcinoma
Neuroblastoma

CYSTIC METASTASES
Necrosis: sarcomas
Cystic growth patterns: cystadenocarcinoma of 

ovary and pancreas
Mucinous carcinoma of colon

INFILTRATIVE PATTERNS
Breast cancer
Lung cancer
Malignant melanoma
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FIGURE 4-59. Liver involvement with metastases in three patients. Top row, Focal liver masses: most common variety 
and easiest to appreciate. A, Sagittal image of the right lobe shows a well-defined and lobulated hypoechoic mass. B, Sagittal image of the 
left lobe shows confluent masses in segment 3. C, Transverse image shows the two focal hypoechoic masses separated by normal liver. 
Middle row, Rare geographic pattern of metastases. D and E, Subcostal views show the right and left lobes of the liver. A sharp geo-
graphic or maplike border separates the normal echogenic liver from the hypoechoic tumor. The distribution and echogenicity variation 
both suggest possible fatty change or perfusion abnormality. F, Confirmatory CT scan. Bottom row, Diffuse tumor involvement: often 
the most difficult to appreciate on ultrasound, as shown here. G, Transverse sonogram; H, similar view with greater magnification. Both 
images show a coarse liver parenchyma. It is more suggestive of cirrhosis than the extensive tumor shown on I, CT scan.

Echogenic metastases tend to arise from a gastroin-
testinal origin or from HCC (Fig. 4-61, I). The more 
vascular the tumor, the more likely it is that the lesion 
is echogenic.193,215 Therefore, metastases from renal cell 
carcinoma, neuroendocrine tumors, carcinoid, chorio-
carcinoma, and islet cell carcinoma also tend to be hyper-
echoic. It is this particular group of tumors that may 
mimic a hemangioma on sonography.

Hypoechoic metastases are generally hypovascular 
and may be monocellular or hypercellular without inter-
stitial stroma. Hypoechoic lesions represent the typical 
pattern seen in untreated metastatic breast or lung cancer 
(see Figs. 4-60 and 4-61), as well as gastric, pancreatic, 
and esophageal tumors. Lymphomatous involvement of 
the liver may also manifest as hypoechoic masses (Fig. 
4-62). The uniform cellularity of lymphoma without 
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FIGURE 4-60. Hypoechoic halo. A and B, Hepatocellular carcinoma showing as echogenic masses with a surrounding halo. C and 
D, Sagittal and transverse images of a large solitary breast metastasis. E and F, Large liver full of small masses with hypoechoic halos from 
small cell carcinoma of the lung.
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FIGURE 4-61. Patterns of metastatic liver disease. Top row, Echogenic lesions. A, Multiple tiny echogenic metastases from 
choriocarcinoma. B, Colon metastasis with clump of calcium and distal acoustic shadowing. C, Large, poorly differentiated metastatic 
adenocarcinoma, with tiny punctate echogenicities suggesting microcalcification. Middle row, Hypoechoic lesions of increasing size from 
D, pancreas; E, lung; and F, adenocarcinoma, from unknown primaries. Bottom row, Cystic metastases. G, Rare metastatic liposarcoma 
from the thigh. Metastasis has a cystic growth pattern. H, Metastatic sarcoma from the small bowel with necrosis, and I, highly echogenic 
metastasis with a well-defined cystic component, highly suggestive of metastatic carcinoid or neuroendocrine tumor.

significant background stroma is thought to be related 
to its hypoechoic appearance on sonography. Although 
at autopsy the liver is often a secondary site of involve-
ment by Hodgkin’s and non-Hodgkin’s lymphoma, the 
disease tends to be diffusely infiltrative and undetected 
by sonography and CT.216 The pattern of multiple 
hypoechoic hepatic masses is more typical of primary 
non-Hodgkin’s lymphoma of the liver or lymphoma 
associated with AIDS.216,217 The lymphomatous masses 
may appear anechoic and septated, mimicking hepatic 
abscesses.

The bull’s-eye or target pattern is characterized by a 
peripheral hypoechoic zone (see Fig. 4-60). The appear-
ance is nonspecific and common, although it is fre-
quently identified in metastases from bronchogenic 
carcinoma.218

Calcified metastases are distinctive by virtue of their 
marked echogenicity and distal acoustic shadowing (see 
Fig. 4-61, B). Mucinous adenocarcinoma of the colon is 
most frequently associated with calcified metastases. 
Calcium may appear as large, echogenic, and shadowing 
foci or, more often, shows innumerable tiny punctate 
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FIGURE 4-62. Lymphoma of the liver. A, Sagittal, and B, transverse, sonograms show small, focal hypoechoic nodules throughout 
the liver. Lymphoma may also involve the liver diffusely without producing a focal sonographic abnormality.

echogenicities without clear shadowing. Other primary 
malignancies that give rise to calcified metastases are 
endocrine pancreatic tumors, leiomyosarcoma, adeno-
carcinoma of the stomach, neuroblastoma, osteogenic 
sarcoma, chondrosarcoma, and ovarian cystadenocarci-
noma and teratocarcinoma.219

Cystic metastases are uncommon and generally 
exhibit features that distinguish them from the ubiqui-
tous benign hepatic cyst, including mural nodules, thick 
walls, fluid-fluid levels, and internal septations.220,221 
Primary neoplasms with a cystic component, such as 
cystadenocarcinoma of the ovary and pancreas and muci-
nous carcinoma of the colon, may produce cystic second-
ary lesions, although infrequently. More often, cystic 
neoplasms result from extensive necrosis, seen most often 
in metastatic sarcomas, which typically have low-level 
echoes and a thickened, shaggy wall (see Fig. 4-61, H). 
Metastatic neuroendocrine and carcinoid tumors are 
typically highly echogenic and often show secondary 
cystic change (see Fig. 4-61, I). Large colorectal metas-
tases may also rarely be necrotic, producing a predomi-
nantly cystic liver mass.

Diffuse disorganization of the hepatic parenchyma 
reflects infiltrative metastatic disease and is the most 
difficult to appreciate on sonography, probably because 
of the loss of the reference normal liver for comparison 
(see Fig. 4-59, G-I). In our experience, breast and lung 
carcinomas, as well as malignant melanomas, are the 
most common primary tumors to present this pattern. 
The diagnosis can be even more difficult if the patient 
has a fatty liver from chemotherapy. In these patients, 
CEUS, CT, or MRI may be helpful. Segmental and 
lobar tumor infiltration by secondary tumor may also be 
difficult to detect because it may mimic other benign 
conditions, such as fatty infiltration (see Fig. 4-59, D-F) 
or cirrhosis (Fig. 4-63).

Contrast-enhanced ultrasound plays a major role in 
the diagnosis and detection of metastases.143,222 In the 
portal venous phase, metastases all show washout, which 
tends to be complete and also rapid, beginning within 
the time frame typically designated as the arterial phase 
(Fig. 4-64 and Video 4-9). Therefore, metastases will 
appear as black punched areas within the enhanced 
parenchyma. Arterial phase enhancement is variable, 
although most metastases, regardless of their expected 
enhancement, show transient hypervascularity in the 
arterial phase, followed by rapid washout. Hypovascular-
ity and rim enhancement can also be shown.

Peripheral cholangiocarcinoma is an infrequent 
tumor presenting with a solitary liver mass similar to  
a metastasis, both on gray scale and CEUS. Capsular 
retraction may be appreciated.

Hepatic involvement by Kaposi’s sarcoma, although 
frequent in patients with AIDS at autopsy, is rarely diag-
nosed by imaging studies.223 Sonography has demon-
strated periportal infiltration and multiple small, 
peripheral hyperechoic nodules.224,225

Because of the nonspecific appearance of metastatic 
liver disease, ultrasound-guided biopsy is widely used 
to establish a primary tissue diagnosis. In addition, ultra-
sound is an excellent means to monitor the response to 
chemotherapy in oncology patients.

HEPATIC TRAUMA

The approach to the management of blunt hepatic  
injury is becoming increasingly more conservative. Sur-
gical exploration is indicated for patients who are in 
shock or hemodynamically unstable.226 In the hemody-
namically stable patient, many institutions initially 
perform abdominal CT to assess the extent of liver 
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FIGURE 4-63. Pseudocirrhosis. Elderly woman presented to emergency department with increased abdominal girth. A, Intercostal 
sonogram of the liver shows heterogeneous nodular parenchyma, surface nodularity, and ascites; all suggest cirrhosis. B, Unenhanced CT 
image of the liver confirms the findings, including ascites, surface nodularity, and heterogeneous parenchyma. Contrast enhancement did 
not suggest focal metastatic disease. At autopsy, diffuse breast metastases were found.

trauma. Ultrasound may be used for serial monitoring 
of the healing pattern.

The predominant site of hepatic injury in blunt 
trauma is the right lobe, in particular the posterior 
segment.227 Foley et al.228 found that the most common 
type of injury was a perivascular laceration paralleling 
branches of the right and middle hepatic veins and the 
anterior and posterior branches of the right portal vein. 
Other findings were subcapsular, pericapsular, and iso-
lated hematomas; liver fracture, defined as a laceration 
extending between two visceral surfaces; lacerations 
involving the left lobe; and hemoperitoneum228 (Fig. 
4-65). Hepatic infarcts are rarely identified after blunt 
abdominal trauma because of the dual blood supply of 
the liver.

Van Sonnenberg et al.229 evaluated the sonographic 
findings of acute trauma to the liver (<24 hours after 
injury or transhepatic cholangiogram) and determined 
that fresh hemorrhage was echogenic. Within the first 
week, the hepatic laceration becomes more hypoechoic 
and distinct as a result of resorption of devitalized tissue 
and ingress of interstitial fluid. After 2 to 3 weeks, the 
laceration becomes increasingly indistinct because of 
fluid resorption and filling of the spaces with granulation 
tissue.

Portosystemic Shunts

Surgical portosystemic shunts are performed to decom-
press the portal system in patients with portal hyperten-
sion. The most common surgical shunts include 
mesocaval, distal splenorenal (Warren shunts), meso-
atrial, and portacaval. Duplex Doppler sonography and 

CDFI appear to be reliable noninvasive methods of 
assessing shunt patency or thrombosis.230-233 Both modal-
ities are effective in assessing portacaval, mesoatrial, and 
mesocaval shunts.230 Shunt patency is confirmed by 
demonstrating flow at the anastomotic site. If the anas-
tomosis cannot be visualized, hepatofugal portal flow is 
an indirect sign of patency.231,232

Distal splenorenal communications are particularly 
difficult to examine with duplex Doppler sonography 
because overlying bowel gas and fat hinder accurate 
placement of the Doppler cursor.230,234 CDFI more 
readily locates the splenic and renal limbs of Warren 
shunts. The splenic limb is best imaged from a left 
subcostal approach, whereas the left renal vein is opti-
mally scanned through the left flank. Grant et al.230 
reported that color Doppler sonography correctly 
inferred patency or thrombosis in all 14 splenorenal 
communications by evaluating the flow in both limbs 
of the shunt.

Transjugular Intrahepatic  
Portosystemic Shunts

Transjugular intrahepatic portosystemic shunts (TIPS) 
are the most recently developed and now the most 
popular technique for relief of symptomatic portal 
hypertension, specifically varices with gastrointestinal 
bleeding, and less often, refractory ascites. Performed 
percutaneously with insertion of an expandable metal 
stent, TIPS have less morbidity and mortality than surgi-
cal shunt procedures.235

The technique of performing TIPS requires transjug-
ular access to the infrahepatic IVC, with selection of the 
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FIGURE 4-64. Timing of washout. This 49-year-old man had proven metastasis from colon cancer. A, Axial CT image shows a 
low-attenuation mass in the lateral segment of the left lobe. B, Baseline sonogram shows that the mass is slightly exophytic and of mixed 
echogenicity. C, CEUS arterial phase image at the peak of enhancement shows hypervascularity. D, Image at 45 seconds shows clear 
washout of the lesion, which had begun at 28 seconds. See also Video 4-9. (From Wilson SR, Burns PN. Microbubble enhanced ultrasound 
imaging: what role? Radiology 2010 [in press].)

optimal hepatic vein on the basis of its angle and diam-
eter, most often the right hepatic vein. After targeting 
the portal vein with either fluoroscopy or Doppler 
sonography, a transjugular puncture needle is passed 
from the hepatic vein to the intrahepatic portal vein and 
a shunt created. The tract is dilated to an approximate 
diameter of 10 mm, with monitoring of the portal pres-
sure gradient and filling of varices on portal venography. 
A bridging stent is left in place.236

In addition to acute problems directly attributed to 
the procedure itself, TIPS may be complicated by steno-
sis or occlusion of the stent caused by hyperplasia of the 
pseudointimal lining. At 1 year, primary patency rates 
vary from 25% to 66%, with a primary assisted patency 
of about 83%.237,238 Doppler sonography provides a non-

invasive method for monitoring of TIPS patients because 
malfunction of the graft may be silent in its early phase. 
Scans should be performed immediately after the proce-
dure, at three monthly intervals, and as indicated 
clinically.

Normal postprocedural Doppler findings include 
high-velocity, turbulent blood flow (mean peak systolic 
velocity, 135-200 cm/sec)239 throughout the stent and 
hepatofugal flow in the intrahepatic portal venous 
branches, as the liver parenchyma drains through the 
shunt into the systemic circulation. Increased hepatic 
artery peak systolic velocity is also a normal observation, 
as is increased velocity in the main portal vein, because 
the stent serves as a low-resistance conduit, bypassing the 
high-resistance hepatic circulation. The reported mean 
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peak shunt velocity, a change in the peak shunt velocity, 
a low velocity in the main portal vein, reversal of hepatic 
vein flow, and hepatopedal intrahepatic portal venous 
flow. Secondary signs include reaccumulation of ascites 
and reappearance of varices and of recanalized paraum-
bilical vein.

PERCUTANEOUS LIVER BIOPSY

Percutaneous biopsy of malignant disease involving the 
liver has a sensitivity greater than 90% in most study 
series.247,248 Relative contraindications to percutaneous 
biopsy are an uncorrectable bleeding diathesis, an unsafe 
access route, and an uncooperative patient. Ultrasound 
guidance allows real-time observation of the needle tip as 
it is advanced into the lesion. Several biopsy attachments 
allow continuous observation of the needle as it follows 

main portal vein velocity in patients with patent shunts 
ranges from 37 to 47 cm/second.240-242 Hepatic artery 
velocities increase from 79 cm/sec preshunt to 131 cm/
sec after the procedure.239

Sonographic evaluation should include measurement 
of angle-corrected stent velocities at three points  
along the stent and in the main portal vein, as well as 
evaluation of the direction of flow in the intrahepatic 
portal vein and in the involved hepatic vein (Figs. 4-66 
and 4-67).

Sonographically detected complications include the 
following:
Stent occlusion
Stent stenosis
Hepatic venous stenosis
Detection of these complications is related to identi-
fication of both direct abnormalities and secondary 
signs.243-246 Direct signs include no flow, abnormal 
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FIGURE 4-65. Liver trauma. A, Acute intrahepatic bleed, 
and B, acute perihepatic hematoma (arrows) between the liver 
surface and the overlying abdominal wall, show increased echo-
genicity. C, Older hematoma surrounds the tip of the right lobe 
of the liver, appearing as a fluid collection with strands.
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FIGURE 4-66. Transjugular intrahepatic portosystemic shunt (TIPS). A, Color Doppler image of TIPS shows flow 
throughout the shunt appropriately directed toward the heart, with a turbulent pattern. B, Angle-corrected midshunt velocity is normal 
at 150 cm/sec.
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FIGURE 4-67. Secondary signs of functional shunt. All images show gross ascites, which suggests a dysfunctional shunt. 
A, Gray-scale, and B, color Doppler, images show a patent TIPS. Velocities throughout the shunt were about 130 cm/sec, which is normal. 
C, Sagittal image shows that flow in the main portal vein is appropriately directed toward the shunt, appearing red. D, Transverse image 
of the porta hepatis shows the ascending left portal venous branch is blue, flowing toward the shunt; this is also the correct direction. 
Therefore, despite the ascites, the ultrasound evaluation does not show a dysfunctional shunt.
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a predetermined path. Alternatively, many experienced 
radiologists prefer a “freehand” technique. Even small 
masses (2.5 cm) can undergo successful biopsy using 
sonographic guidance.249 Ultrasound guidance may also 
be used in percutaneous aspiration and drainage of com-
plicated fluid collections in the liver. Ultrasound-guided 
percutaneous ethanol injection has been used in the treat-
ment of HCC and hepatic metastases.250

INTRAOPERATIVE ULTRASOUND

Intraoperative ultrasound is now an established applica-
tion of ultrasound technology. The exposed liver is 
scanned with a sterile, 7.5-MHz transducer or one 
covered by a sterile sheath. Intraoperative ultrasound 
has been found to change the operative strategy in 31% 
to 49% of patients undergoing hepatic resection, either 
by allowing more precise resection or by indicating 
inoperability because of unsuspected masses or venous 
invasion.251,252 Studies emphasize further improvement 
of surgical outcome with the addition of CEUS to 
intraoperative procedures.253 Improved detection of 
metastases on CEUS undoubtedly accounts for this 
improvement.
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Ultrasound is a very useful imaging modality to diag-
nose or exclude splenic abnormalities and is also 
extremely helpful in the follow-up of patients with 
known splenic abnormalities. Splenic lesions may be 
encountered in a variety of clinical settings, and the 
radiologist should be aware of the spectrum of processes 
that may involve the spleen as well as the clinical context 
in which they occur.1

The spleen and left upper quadrant (LUQ) should be 
routinely evaluated on all abdominal investigations, 
especially in patients with suspected splenomegaly, LUQ 
pain, or trauma. In general, the spleen can be examined 
by ultrasound without difficulty. Because the normal 
spleen is uniform in echogenicity, focal abnormalities 
stand out clearly. Similarly, perisplenic abnormalities 
and fluid collections are usually easily identified. Inade-
quate assessment of the spleen and surrounding struc-
tures is therefore relatively rare. Occasionally, because 
the spleen is located high in the LUQ, difficulties can be 
encountered. Shadowing from ribs, overlying bowel  
gas, and overlying lung can obscure visualization of  
the deeper structures. Expertise and persistence may be 
required to overcome these obstacles.

EMBRYOLOGY AND ANATOMY

The spleen arises from a mass of mesenchymal cells 
located between the layers of the dorsal mesentery, 
which connects the stomach to the posterior peritoneal 
surface over the aorta (Fig. 5-1, A). These mesenchymal 
cells differentiate to form the splenic pulp, the support-
ing connective tissue structures, and the splenic capsule. 
The splenic artery penetrates the primitive spleen, and 

arterioles branch through the connective tissue into the 
splenic sinusoids.

As the embryonic stomach rotates 90 degrees on its 
longitudinal axis, the spleen and dorsal mesentery are 
carried to the left along with the greater curvature of the 
stomach (Fig. 5-1, B). The base of the dorsal mesentery 
fuses with the posterior peritoneum over the left kidney, 
giving rise to the splenorenal ligament. This explains 
why, although the spleen is intraperitoneal, the splenic 
artery enters from the retroperitoneum through the 
spleno renal ligament (Fig. 5-1, C). In most adults, a 
portion of the splenic capsule is firmly attached to the 
fused dorsal mesentery anterior to the upper left kidney, 
giving rise to the bare area of the spleen.2 The size of 
the splenic bare area varies but usually involves less than 
half the posterior splenic surface (Fig. 5-2). This ana-
tomic feature is analogous to the bare area of the liver 
and can be helpful in distinguishing intraperitoneal from 
pleural fluid collections.

The normal adult spleen is convex superolaterally, is 
concave inferomedially, and has a homogeneous echo 
pattern. The spleen lies between the fundus of the 
stomach and the diaphragm, with its long axis in the 
line of the left 10th rib. The diaphragmatic surface is 
convex and is usually situated between the ninth and 
11th ribs. The visceral or inferomedial surface has 
gentle indentations where it comes into contact with 
the stomach, left kidney, pancreas, and splenic flexure. 
The spleen is suspended by the splenorenal ligament, 
which is in contact with the posterior peritoneal wall, 
the phrenicocolic ligament, and the gastrosplenic 
ligament. The gastrosplenic ligament is composed of 
the two layers of the dorsal mesentery that separate the 
lesser sac posteriorly from the greater sac anteriorly.

146
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FIGURE 5-1. Embryologic development of the spleen. Schematic axial drawings of the upper abdomen. A, Embryo: 4 to 
5 weeks. The mesentery anterior to the stomach (St) is the ventral mesentery. The ventral mesentery is divided into two portions by the 
liver (L) into the falciform ligament (FL) anteriorly and the gastrohepatic ligament or lesser omentum (LO) posteriorly. Posterior to 
the stomach is the dorsal mesentery (DM), which contains the developing spleen (Sp) and pancreas (P). The dorsal mesentery is divided 
into two portions by the spleen: the splenogastric ligament anteriorly and the splenorenal ligament posteriorly. The pancreas (P) has 
not yet become retroperitoneal and remains within the dorsal mesentery. Ao, Aorta; RK, right kidney; LK, left kidney. B, Embryo: 8 
weeks. The stomach rotates counterclockwise, displacing the liver to the right and the spleen to the left. The portion of the dorsal mes-
entery containing the pancreas, splenic vessels, and spleen begins to fuse to the anterior retroperitoneal surface, giving rise to the spleno-
gastric ligament and the “bare area” of the spleen. If fusion is incomplete, the spleen will be attached to the retroperitoneum only by a 
long mesentery, giving rise to a mobile or “wandering” spleen. C, Newborn. Fusion of the dorsal mesentery is now complete. The pancreas 
is now completely retroperitoneal, and a portion of the spleen has fused with the retroperitoneum. Note the close relation of the pancreatic 
tail to the splenic hilum.
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FIGURE 5-2. Bare area of the spleen. Variability in the relationship of the spleen to the anterior retroperitoneal surface is dem-
onstrated in patients with ascites. A, This spleen has no bare area. The splenorenal ligament (arrow) is outlined on both sides by ascitic 
fluid. B, Part of the lower pole of the spleen is fused posteriorly. C, Lower pole is fused to the retroperitoneum (arrows). D, Large propor-
tion of this patient’s spleen is fused posteriorly. Note the close relation of the spleen to the left kidney (K).

A

C

B

D

Its weight is related to the patient’s age and  
gender; the spleen usually weighs less than 150 g  
on autopsy (range, 80-300 g).3 The spleen decreases in 
size and weight with advancing age and is smaller in 
women. It also increases slightly during digestion and 
can vary in size according to the nutritional status of  
the body.

Splenic functions include phagocytosis, fetal hema-
topoiesis, adult lymphopoiesis, immune response, and 
erythrocyte storage.

The spleen may be congenitally absent. Under a 
variety of conditions, including surgical misadventure, 
the spleen also may be removed. Currently, the surgical 
trend is toward preservation of the spleen whenever pos-
sible.4 A person can live fully without a spleen. However, 
particularly in childhood, the immune response may be 
impaired, especially to encapsulated bacteria. Over-
whelming postsplenectomy sepsis is a long-term risk in 
asplenic patients, and appropriate preventive measures 
should be taken to minimize this risk.5,6
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SONOGRAPHIC TECHNIQUE

All routine abdominal sonographic examinations, regard-
less of the indications, should include at least one coronal 
view of the spleen and the upper pole of the left kidney. 
The most common and easy approach to visualize the 
spleen is to maintain the patient in the supine position 
and place the transducer in the coronal plane of section 
posteriorly in one of the lower left intercostal spaces. The 
patient can then be examined in various degrees of inspi-
ration to maximize the window to the spleen. Deep 
inspiration introduces air into the lung in the lateral 
costophrenic angle and may obscure visualization. A 
modest inspiration depresses the central portion of the 
left hemidiaphragm and spleen inferiorly so that they can 
be visualized. The plane of section should then be swept 
posteriorly and anteriorly to view the entire volume of 
the spleen. We generally find that a thorough examina-
tion in the coronal plane of section is highly accurate 
for excluding any lesion within or around the spleen and 
for documenting the spleen’s approximate size.

If an abnormality is discovered within or around the 
spleen, other planes of section should be used. An 
oblique plane of section along the intercostal space can 
avoid rib shadowing (Fig. 5-3). In some patients 
with narrow intercostal spaces, however, intercostal  
scanning can be difficult. A transverse plane from a 
lateral, usually intercostal, approach may help to localize 
a lesion within the spleen anteriorly or posteriorly. In 
this regard, especially for beginners, it must be empha-
sized that the apex of the sector image is always placed at 

the top of the screen. However, on a left lateral intercostal 
transverse image, the top of the screen—the apex of the 
sector—is actually to the patient’s left; the right side of 
the sector image is posterior, and the left side of the 
image is anterior. To look at the image appropriately, 
the clinician would have to rotate it 90 degrees 
clockwise.

If the spleen is not enlarged and is not surrounded by 
a large mass, scanning from an anterior position—as one 
would for imaging the liver—is not helpful because of 
the interposition of gas within the stomach and the 
splenic flexure of the colon. However, if the patient has 
a relatively large liver, or spleen, the spleen may be visual-
ized from an anterior approach (Fig. 5-4). If there is free 
intraperitoneal fluid around the spleen or a left pleural 
effusion, the spleen may be better visualized from an 
anterolateral approach. Often, it is beneficial to have the 
patient roll onto the right side as much as 45 degrees, or 
even 90 degrees, so that a more posterior approach can 
be used to visualize the spleen.

Generally, the same curvilinear transducers and tech-
nical settings are used for examination of the spleen as 
for the other abdominal organs. A high-frequency linear 
array transducer can be used for more detail. Advanced 
ultrasound imaging modalities such as harmonic and 
compound imaging are used to improve image quality 
and detect subtle lesions.

The use of contrast-enhanced ultrasound (CEUS) is 
increasing both in research and clinical settings. Multiple 
reports have recently described CEUS of the spleen and 
its characterization of splenic lesions.7,8 However, its role 
in general practice is yet to be determined.

FIGURE 5-3. Importance of scan plane. A, Coronal ultrasound scan shows part of the spleen obscured by air in the lung. 
B, Improved visualization of the spleen on coronal oblique scan aligned with the 10th interspace between the ribs.
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FIGURE 5-4. Splenomegaly. A, Transverse, and B, coronal extended–field of view (FOV) (Siescape), images demonstrate marked 
splenic (S) enlargement; L, liver.

A

L

S

B

SONOGRAPHIC APPEARANCE

The shape of the normal spleen is variable. The spleen 
consists of two components joined at the hilum: a super-
omedial component and an inferolateral component. 
More superiorly, on transverse scanning, the spleen has 
a typical fat, “inverted comma” shape, with a thin com-
ponent extending anteriorly and another component 
extending medially, either superior to or adjacent to the 
upper pole of the kidney. This second component 
(supero medial) can be seen to indent the gastric fundus 
on plain films of the abdomen or in barium studies. As 
the scan plane moves inferiorly, only the inferior compo-
nent of the spleen is seen. This component (infero lateral) 
can be outlined by a thin rim of fat above the splenic 
flexure, as seen on a plain abdominal film. It may extend 
inferiorly to the costal margin and present clinically as a 
palpable spleen. However, either the superomedial or the 
inferolateral component can enlarge independently, 
without enlargement of the other component.

It is important to recognize the normal structures 
that are related to the spleen. The diaphragm cradles the 
spleen posteriorly, superiorly, and laterally. The left liver 
lobe may extend into the left upper quadrant superior 
and lateral to the spleen (Fig. 5-5). The fundus of the 
stomach and lesser sac are medial and anterior to the 
splenic hilum. The gastric fundus may contain gas or 
fluid, which should not be confused with a fluid collec-
tion. The tail of the pancreas lies posterior to the stomach 
and lesser sac. It approaches the hilum of the spleen, 
closely related to the splenic artery and vein. Conse-
quently, the spleen can be used as a “window” to evaluate 
the pancreatic tail area. The left kidney generally lies 
inferior and medial to the spleen. A useful landmark in 
identifying the spleen and splenic hilum is the splenic 
vein, which generally can be demonstrated without 
difficulty.

The normal splenic parenchyma is homogeneous. 
The liver is generally considered to be more echogenic 

than the spleen, but in fact the echogenicity of the paren-
chyma is higher in the spleen than in the liver. Using a 
dual-image setting, the operator may compare the echo-
genicity of these two organs. The impression that the 
liver has greater echogenicity results from its large 
number of reflective vessels.

As in measuring other body structures, it is helpful  
to have measurements that establish the upper limits 
of normal. The size of a normal spleen depends on 
gender, age, and body-height. The range of the “normal 
sized” adult spleen, combined with its complex three-
dimensional shape, makes it difficult to establish a 
normal range of sonographic measurements. Ideally,  
the clinician would assess splenic volume or weight. 
Techniques have been developed to measure serial  
sections of the spleen by planimetry and then compute 
the volume of the spleen by adding the values for  
each section.9 However, these techniques are cumber-
some and not popular. The most frequently used method 
is “eyeballing” the size (Fig. 5-6; see also Fig. 5-4). 
Unfortunately, this method of assessment requires  
considerably more experience than is necessary for  
other imaging techniques and is relatively inaccurate. 
Various authors have used different methods to measure 
splenic size. The length of the spleen measured on a 
coronal or coronal oblique view that includes the hilum 
is the most common technique10,11 (Fig. 5-7). This 
view can be obtained during deep inspiration or quiet 
breathing. Importantly, this method correlates well with 
the splenic volume, particularly when performed with 
the patient in the right lateral decubitus (RLD) 
position.11

Multiple studies have tried to establish nomograms of 
spleen size. In a study of 703 normal adults, the length 
of the spleen was less than 11 cm, the width (breadth) 
less than 7 cm, and the thickness less than 5 cm in 95% 
of patients.12 Rosenberg et al.10 established an upper 
limit of normal splenic length of 12 cm for girls and 
13 cm for boys (≥15 years). Hosey et al.13 demonstrated 
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FIGURE 5-5. Relationship of spleen with surrounding structures. Left liver lobe extends into the left upper quadrant 
superior to the spleen. A, Coronal and B, transverse, sonograms demonstrate the left liver lobe superior to the spleen. The liver is hypoechoic 
compared with the spleen. C and D, Liver extends over spleen in a different patient with a fatty liver. C, Transverse sonogram shows an 
echogenic liver and a relatively hypoechoic spleen. D, Axial CT image shows the left liver lobe draping around the spleen.
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FIGURE 5-6. Splenomegaly in two patients. A, Coronal ultrasound scan shows an enlarged spleen with margins beyond the 
sector format. Midportion is partially obscured by a rib shadow. Ao, Aorta. B, Increased echogenicity of a large spleen.
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FIGURE 5-7. Splenic measurement. Diagram shows 
sonographic approach to measuring splenic length and width. 
Splenic size is best measured by obtaining a coronal view that 
includes the hilum. (From Lamb PM, Lund A, Kanagasabay RR, 
et al. Spleen size: how well do linear ultrasound measurements cor-
relate with three-dimensional CT volume assessments? Br J Radiol 
2002;75:573-577.)
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a mean splenic length of 10.65 cm. In this study, men 
also had larger spleens than women. Spielmann et al.14 
showed that the length of the spleen correlates with 
height and established nomograms for tall, healthy ath-
letes. In women taller than 5 feet, 6 inches (168 cm), the 
mean splenic length of 10 cm increased by 0.1 cm for 
each 1-inch incremental increase in height. In men taller 
than 6 ft (180 cm), the mean splenic length of 11 cm 
increased by 0.2 cm for each 1-inch incremental increase 
in height. Upper limits of normal in splenic length were 
14 cm in women 6 ft, 6 inches (198 cm) tall and 16.3 cm 
in men 7 ft (213 cm) tall. Finally, unlike patient height, 
Kaneko et al.15 did not show correlation of splenic 
volume with patient weight or body surface area in 
adults.

PATHOLOGIC CONDITIONS

Splenomegaly

The differential diagnosis of splenomegaly is exceedingly 
long. It includes infection (e.g., mononucleosis, tuber-
culosis, malaria), hematologic disorders (myelofibrosis, 
lymphoma, leukemia), congestion (portal hypertension, 
portal/splenic vein thrombosis, congestive heart failure), 
inflammation (sarcoidosis), neoplasia (hemangioma, 

TABLE 5-1. CAUSES OF SPLENOMEGALY

Splenomegaly  
(<18 cm)

Massive Splenomegaly 
(>18 cm)

HEMATOLOGIC
Red blood cell membrane 

defects
Hemoglobinopathies
Autoimmune hemolytic 

anemias

Thalassemia major

RHEUMATOLOGIC
Rheumatoid arthritis
Systemic lupus erythematosus
Sarcoidosis
INFECTIOUS
Viruses
Bacteria
Mycobacteria
Fungi
Parasites

Visceral leishmaniasis
Hyperreactive malarial 

splenomegaly syndrome
Mycobacterium avium-

intracellulare complex
CONGESTIVE
Hepatic cirrhosis
Venous thromboses (hepatic, 

portal, splenic)
Congestive heart failure
INFILTRATIVE
Lymphomas
Myeloproliferative neoplasms
Metastatic cancer
Amyloidosis
Gaucher’s disease
Niemann-Pick disease
Glycogen storage disease
Hemophagocytic syndrome
Langerhans cell histiocytosis

Lymphomas
Myeloproliferative neoplasms
Gaucher’s disease

Data from Pozo AL, Godfrey EM, Bowles KM. Splenomegaly: investigation, 
diagnosis and management. Blood Rev 2009;23:105-111; and from Abramson JS, 
Chatterji M, Rahemtullah A. Case records of the Massachusetts General Hospital. 
Case 39-2008. A 51-year-old woman with splenomegaly and anemia. N Engl J 
Med. 2008 Dec 18;359:2707-2718.

metastases), and infiltration (e.g., Gaucher’s disease)16 
(Table 5-1).

Frequency and etiology of splenomegaly vary between 
developing and developed countries and even between 
hospitals in the same region.17 Sonography is very helpful 
in determining the degree of enlargement. In “border-
line” splenomegaly, however, diagnosis can be difficult. 
Useful dimensions are provided in the previous section 
(see Figs. 5-6 and 5-7).

The spleen is capable of growing to an enormous size. 
It can extend inferiorly into the left iliac fossa, and it can 
cross the midline and appear as a mass inferior to the left 
lobe of the liver on longitudinal section. The degree of 
splenomegaly is generally not a reliable tool in providing 
a more concise differential diagnosis. The differential 
diagnosis of massive splenomegaly, defined as a spleen 
size greater than 18 cm, is less extensive and includes 
hematologic disorders and infections18 (Table 5-1). 
Sonographic assessment of the splenic architecture is used 
to differentiate between focal lesions (single or multiple) 
causing splenomegaly and diffuse splenomegaly.
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The most common finding is diffuse enlargement; in 
these patients, imaging is typically not helpful in provid-
ing a specific diagnosis. When the spleen enlarges, it can 
become more echogenic, but the clinician cannot dif-
ferentiate between the different types of splenomegaly on 
the basis of its echogenicity (see Fig. 5-6, B). Experimen-
tal studies have tried to quantify the degree of fibrosis in 
liver and spleen using the echotexture characteristics, but 
no clinical applications have been established to date.19

Associated clinical and radiologic features can be 
helpful in establishing a differential diagnosis. Liver 
disease and evidence of portal venous collaterals can 
establish portal hypertension as the cause of spleno-

megaly (Fig. 5-8). Focal lesions, multiorgan involve-
ment, and lymphadenopathy may indicate lymphoma.

However, in many patients, extensive radiologic and 
laboratory investigations will fail to yield a diagnosis. In 
these cases of “isolated” splenomegaly, the risks of serious 
underlying disease must be balanced against the risks of 
further invasive investigations, such as diagnostic splenic 
biopsy or splenectomy.16 In selected cases, ultrasound-
guided splenic biopsy of focal abnormalities can be 
helpful in establishing a diagnosis, with an acceptable 
complication rate and high accuracy.20

Complications of splenomegaly include hypersplen-
ism and spontaneous splenic rupture. Spontaneous 

FIGURE 5-8. Varices. A, Coronal gray-scale, and B, power Doppler, ultrasound images show splenomegaly and tortuous varices medial 
to the spleen. C and D, Varices medial and inferior to the spleen representing a splenorenal shunt.
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splenic rupture typically occurs in patients with an 
enlarged spleen after minimal trauma or insignificant 
events such as coughing.21

Focal Abnormalities

Ultrasound is extremely helpful in finding and character-
izing focal splenic lesions. However, because of the 
overlap in the appearance of splenic lesions, it is often 
not possible to make a specific diagnosis based on the 
sonographic findings alone. Splenic lesions can be soli-
tary or multiple, diffuse, and infiltrative. Focal lesions can 
be cystic, complex cystic, or solid. Further, lesions can be 
categorized according to size as micronodular (<1 cm), 
nodular (1-3 cm), or focal (>3 cm) masses.22 Knowledge 
of past medical history, clinical presentation, and sono-
graphic findings is required to provide an appropriate 

differential diagnosis and guide further management.23 
Ultimately, percutaneous biopsy or splenectomy may be 
required to obtain a definitive diagnosis.

Splenic Cysts

Splenic cysts, as with cysts elsewhere in the body, appear 
as anechoic lesions with posterior acoustic enhancement. 
Simple cysts are round to ovoid in shape and have a thin, 
sharply defined wall. Complex cysts do not meet these 
criteria and may demonstrate septations, thick walls, cal-
cifications, solid components, or internal echoes.

Occasionally, cysts can grow to a very large size, 
becoming predominantly exophytic. It may then be dif-
ficult to appreciate their splenic origin (Fig. 5-9).

The most common splenic cystic lesions are primary 
congenital cysts, pseudocysts, and hydatid cysts. Uncom-
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FIGURE 5-9. Primary congenital (epidermoid) 
cyst. A, Coronal extended-FOV (Siescape) image shows a large, 
11-cm cystic lesion that contains heterogeneous material in 
asymptomatic patient. A small rim of spleen is noted inferior and 
lateral to the cyst. B, Transverse magnified ultrasound image 
shows internal echoes from cholesterol crystals and debris mimick-
ing a solid lesion. C, CT scan after intravenous contrast demon-
strates the large cyst indenting the stomach.
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TYPES OF SPLENIC CYSTS

Congenital cysts
Pseudocysts
Hydatid (echinococcal) cysts
Pancreatic pseudocysts
Endothelial-lined cysts

Lymphangiomas
Cystic hemangiomas

Peliosis
Cystic metastasis*
Abscess*
Hematoma*

*Not true cysts.

mon splenic cystic lesions include pancreatic pseudocysts, 
lymphangiomas, hemangiomas, peliosis, hamartomas, 
angiosarcomas, and cystic metastases.24 Other lesions that 
can mimic cysts on ultrasound are abscesses, lymphoma, 
necrotic metastases and hematomas.25

In the developed world, most splenic cysts are asymp-
tomatic incidental findings discovered during routine 
imaging and generally represent congenital cysts or pseu-
docysts. These cysts may cause symptoms when large or 
when present with complications such as internal hemor-
rhage, infection, or rupture.

Primary congenital cysts, also called epidermoid 
cysts or true cysts, are characterized by the presence 
of an epithelial lining on pathologic examination.26 
Thought to arise from embryonic rests of primitive 
mesothelial cells within the spleen, typical epidermoid 
cysts present as well-defined, thin-walled anechoic lesions 
that do not change over time (Fig. 5-10, A). Pseudo-
cysts, also known as false cysts, have no cellular lining 
and are presumably secondary to trauma, infarct, or 
infection.27 These cysts are more often complex, with 
wall calcifications and internal echoes (Fig. 5-10, B). 
However, differentiation between both types of cysts is 
usually not possible because there is considerable overlap 
both on imaging and on pathologic examination28 (Fig. 
5-10, C). Furthermore, a history of significant trauma or 
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FIGURE 5-10. Splenic cysts in three patients. A, Primary 
congenital cyst. Coronal scan showing a small, simple 1.5-cm cyst. 
B, Pseudocyst. Large, 12-cm complex cyst after previous trauma to the left 
upper quadrant. C, Two incidental cysts in asymptomatic female. Central 
5-cm cyst with irregular borders and a simple 6-cm cyst at the inferior 
portion of the spleen. Both congenital cysts and pseudocysts may have this 
appearance.
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infection is rarely established in patients with a pseudo-
cyst. Both types of cysts can be complex, with wall cal-
cifications or increased echogenicity of the fluid caused 
by cholesterol crystals, inflammatory debris, or hemor-
rhage29 (Fig. 5-11; see also Fig. 5-9).

Hydatid (or echinococcal) disease is the most 
common cause of splenic cysts in endemic areas. Isolated 
splenic involvement without liver and peritoneal disease 
is rare.30 The appearance of a hydatid cyst depends on 
the stage of the disease and varies from simple to complex, 
with or without daughter cysts (Fig. 5-12). The diagno-
sis is made by combining the appropriate history, geo-
graphic background, serologic testing, and imaging 
appearances.31,32 Percutaneous fine-needle aspiration can 
be diagnostic, provided the pathologist has been alerted 
to search for the scolices.

Pseudocysts related to pancreatitis in or adjacent to 
the spleen are usually diagnosed by the associated fea-
tures of pancreatitis.33 Splenic peliosis is very rare and 
characterized by multiple blood-filled cystic spaces, 
sometimes involving the entire spleen.34 On ultrasound, 
these lesions appear as multiple indistinct hypoechoic 
lesions. The lesions may be hyperechoic if thrombosis is 
present.

Endothelial-lined cysts include lymphangiomas and 
cystic hemangiomas.35,36 Lymphangiomas have been 
described as multiple cysts of varying size, ranging from 
a few millimeters to several centimeters, divided by thin 
septa.37 Hemangiomas with cystic spaces of variable size 
have been reported.

Cystic metastases to the spleen are typically seen in 
patients with widespread metastatic disease, such as 

ovarian or colon carcinoma. Occasionally, necrotic 
metastases mimic a cystic lesion.

The most common causes of splenic abscess are 
endocarditis, septicemia, and trauma.38 Splenic pyogenic 
abscesses may have an appearance similar to that of 
simple cysts, but the diagnosis is typically made in con-
junction with the clinical findings. The presence of gas 
indicates an infectious cause. Gas may cause a confusing 
picture if only a small, curvilinear or punctate hyper-
echoic focus is seen. The presence of a reverberation 
artifact (dirty shadowing) indicates the presence of gas 
(Fig. 5-13). However, the sonographic findings of a pyo-
genic abscess are variable, and in indeterminate cases, 
aspiration is useful for diagnosis.39 Percutaneous catheter 
drainage can be used as a safe and successful treatment 
option.40

Nodular Splenic Lesions

Nodular lesions are often multiple and can be subdivided 
into micronodular (<1 cm) and nodular (1-3 cm). If 
splenic nodules are present in a patient with a known 
diagnosis such as lymphoma, tuberculosis, or sarcoidosis, 
these nodules likely represent the same disease. However, 
if no diagnosis has been established and the splenic 
nodules are an isolated finding, the diagnosis is rarely 
made on the imaging features alone. Most common  
etiologies of splenic nodules include infection (e.g., 
mycobacteria, histoplasmosis), sarcoidosis, and malig-
nancy (e.g., lymphoma, metastases). Other, less common 
causes of splenic nodular lesions with similar imaging 
findings include Gamna-Gandy bodies, Pneumocystis jir-

FIGURE 5-11. Calcified splenic cyst. A, Coronal ultrasound scan. Note the shadowing from the near wall. B, Non-contrast-
enhanced CT scan demonstrates the wall calcification. Congenital cysts, pseudocysts, and “burned out” hydatid cysts may have similar 
appearance.
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FIGURE 5-12. Hydatid cysts. A, Transverse ultrasound 
scan demonstrates daughter cysts filling the mother cyst in a 
patient with active hepatosplenic involvement. B and C, Dif-
ferent patient with a history of hydatid disease. B, Coronal 
ultrasound scan shows dense calcification in the near wall 
causing extensive shadowing. C, Non-contrast-enhanced CT 
scan of the spleen demonstrates small, well-defined, rounded 
calcifications compatible with calcified cysts.

oveci (formerly known as P. carinii pneumonia) and 
cat-scratch disease.41-43

Active tuberculosis involving the spleen is typically 
seen in miliary dissemination and can occur with both 
tuberculosis and atypical mycobacterial infections. The 
typical sonographic findings are multiple hypoechoic 
nodules 0.2 to 1 cm in size (Fig. 5-14). Sometimes the 
nodules are hyperechoic or present as larger, echo-poor 
or cystic lesions representing tuberculous abscesses (Figs. 
5-15 and 5-16).

When the nodules or granulomas heal, they can be 
become calcified and appear as small, scattered, discrete, 
bright echogenic lesions with posterior shadowing in an 
otherwise normal spleen (Fig. 5-17). These probably are 

the most frequently encountered nodular splenic lesions. 
Splenic artery calcifications are also common and should 
not be confused with a granuloma (Fig. 5-18).

Microabscesses are typically seen in immunocompro-
mised patients with generalized infections. They often 
coexist in the liver and spleen and are similar in appear-
ance. Microabscesses usually present as multiple 
hypoechoic nodules (Fig. 5-19, A). In hepatosplenic 
candidiasis the two most common sonographic patterns 
are hypoechoic nodules and hyperechoic foci 2 to 5 mm 
in size, occasionally containing central calcification. Two 
other sonographic patterns have also been described.  
In the wheels-within-wheels appearance the outer 
hypoechoic “wheel” is thought to represent a ring of 
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FIGURE 5-13. Splenic abscess. A, Coronal sonogram 
shows a gas collection with “dirty shadowing” (arrowhead). B, 
Confirmatory CT scan confirms the presence of gas and fluid 
within the spleen. C, Methicillin-resistant Staphylococcus aureus 
(MRSA) abscess in a different patient with endocarditis and septic 
emboli shows a complex cystic structure.
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fibrosis surrounding the inner echogenic “wheel” of 
inflammatory cells and a central hypoechoic, necrotic 
area.44 The bull’s-eye appearance consists of echogenic 
inflammatory cells in the center surrounded by a 
hypoechoic fibrotic outer rim45 (Fig. 5-19, B).

Lymphoma and metastatic disease can also present 
with a small, diffuse nodular pattern, especially Hodg-
kin’s disease and low-grade non-Hodgkin’s lymphoma46 
(see Fig. 5-20, A).

Focal Solid Splenic Lesions

Malignancies. The spleen is frequently involved in 
patients with lymphoma. Patients with lymphomatous 
involvement of the spleen often present with associated 
abdominal lymphadenopathy and constitutional symp-
toms. In Hodgkin’s disease, splenic enlargement occurs 
in 30% to 40% of patients, but in one third of these 
patients there is no lymphomatous involvement of  
the spleen at histopathology. Conversely, one third of 
patients with Hodgkin’s disease and splenic involvement 
have a normal-sized spleen. In non-Hodgkin’s lym-
phoma the spleen is involved in 40% of patients during 
the course of their disease. Four sonographic patterns 
of lymphomatous involvement of the spleen have been 
described,47 corresponding with the pathologic findings: 
(1) diffuse involvement, typically an enlarged spleen 
with a normal echotexture or patchy inhomogeneity; (2) 
focal small (<3 cm) hypoechoic nodular lesions; (3) focal 
large (>3 cm) nodular lesions; and (4) bulky solid mass 
lesions (Fig. 5-20). Focal lesions in lymphoma are typi-
cally hypoechoic and hypovascular.25 Occasionally, after 
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FIGURE 5-14. Tuberculosis (TB) in two patients. A, Coronal sonogram shows calcified granulomas with shadowing in the 
superior aspect of the spleen, and echo-poor lesions (arrowheads) in the midportion resulting from reactivated TB. B, Transverse, and C, 
coronal extended-FOV (Siescape), images in a young AIDS patient with active miliary TB. Numerous tiny hypoechoic nodules are present 
throughout the enlarged spleen.
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FIGURE 5-15. Miliary tuberculosis of the spleen. A, Coronal, and B, high-resolution linear array, ultrasound images show 
multiple tiny echogenic foci of tuberculous granulomata. This was active TB.
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FIGURE 5-16. Atypical tuberculosis of the spleen 
in AIDS patient. Tiny echogenic foci throughout the spleen. 
Isolated foci were also identified in the liver and kidneys. Several 
core biopsies through the liver confirmed these to be Mycobacte-
rium avium-intracellulare granulomas. Disseminated Pneumocystis 
jiroveci, formerly P. carinii pneumonia (PCP), can also appear in 
this way.

FIGURE 5-17. Calcified granulomas in a patient with sarcoidosis. A, Multiple tiny bright foci throughout the spleen, 
some demonstrating posterior shadowing. B, CT scan after IV contrast shows multiple small parenchymal calcifications throughout the 
spleen.
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FIGURE 5-18. Calcifications. Central splenic artery calci-
fications in a patient on peritoneal dialysis.

central necrosis with subsequent liquefaction, lesions 
may present as anechoic cysts or mimic an abscess.48 
Hyperechoic lesions are uncommon.

Primary splenic malignancies include primary lym-
phoma, angiosarcoma, and hemangiopericytoma. Iso-
lated (primary) lymphoma of the spleen is rare and is 
encountered in less than 1% of all patients with lym-
phoma. It typically represents Hodgkin’s disease.46 
Angiosarcoma is a rare primary malignant vascular neo-

plasm of the spleen with a very poor prognosis. Sono-
graphic findings include a heterogeneous echotexture, 
complex mass or masses, and splenomegaly (Fig. 5-21). 
Increased Doppler flow may be seen in the solid com-
ponents of the tumor.49,50 Hemangiopericytoma is a 
very rare tumor that may arise in the spleen with variable 
malignant potential. On ultrasound, it may appear as a 
hypoechoic vascular mass distinct from the surrounding 
splenic parenchyma.34

Metastases to the spleen are relatively rare and gener-
ally occur as a late phenomenon. They are typically seen 



FIGURE 5-19. Microabscesses in two patients. A, High-frequency linear array ultrasound image shows multiple poorly defined 
microabscesses in a patient with Klebsiella septicemia. B, Candida abscesses of the spleen in an AIDS patient. Note that lesion in the 
middle has an echogenic center, characteristic of Candida.
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FIGURE 5-20. Patterns of lymphoma in different patients. A, Numerous small nodules resulting from T-cell lymphoma 
in an enlarged spleen. B, Multiple solid nodules in a patient with follicular lymphoma. C, Bulky solid mass in a patient with non-Hodgkin’s 
lymphoma. D, Large, poorly defined mass caused by B-cell lymphoma replacing the spleen and extending beyond the normal contour. 
Lymphoma may also involve the spleen diffusely without focal abnormalities.
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FIGURE 5-22. Metastases. A, Metastatic melanoma 
with multiple echogenic splenic lesions (arrows). B and 
C, Metastatic colon carcinoma. B, Heterogeneous echo-
genic splenic mass. Similar lesions were present throughout 
the liver. C, CT scan after IV contrast in same patient 
demonstrating hypodense splenic and liver lesions consis-
tent with metastatic disease.

FIGURE 5-21. Primary splenic malignancy: angio-
sarcoma. Transverse scan shows multiple poorly defined 
hypoechoic lesions. Other sonographic findings include a hetero-
geneous echotexture, complex masses, and splenomegaly.

in patients with widespread metastatic disease rather 
than as a presenting feature.51 Isolated metastases to the 
spleen are very uncommon. Splenic metastases are rela-
tively frequent in malignant melanoma but can be 
encountered in any metastatic disease, including carci-
noma of the lung, breast, ovary, stomach, colon and in 
Kaposi’s sarcoma.52 Metastases are usually hypoechoic 
but may be echogenic, heterogeneous, or even cystic1 
(Fig. 5-22).
Benign Lesions. Hemangioma is the most common 
primary benign neoplasm of the spleen, incidence ranges 
from 0.3% to 14% in autopsy series.53 Hemangiomas are 
usually isolated phenomena but can be part of a general-
ized condition, such as hemangiomatosis or Klippel-
Trenaunay-Weber syndrome.54,55 The lesions often have 
a well-defined echogenic appearance similar to the typical 
appearance of hemangiomas in the liver, but this appear-
ance is seen much less frequently in the spleen than in 
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FIGURE 5-23. Hemangioma in two patients. A, Small (1.4 cm), well-defined, rounded, echogenic lesion (arrow) is similar to 
the typical liver hemangiomas. B, Coronal ultrasound scan shows multiple echogenic splenic hemangiomas of different sizes in the spleen. 
Note the calcified splenic artery adjacent to the vein.
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the liver (Fig. 5-23). Lesions of mixed echogenicity, with 
cystic spaces of variable sizes and foci of calcification, 
have also been reported.35,53

Other benign tumors of the spleen are rare and include 
hamartomas, littoral cell angioma, sclerosing angioma-
toid nodular transformation (SANT), and inflammatory 
pseudotumor. Hamartomas are typically well-defined, 
homogeneous, isoechoic to mildly hypoechoic or hyper-
echoic lesions56 (Fig. 5-24). Hamartomas may contain 
cystic areas or coarse calcifications, and some demon-
strate increased vascularity on color Doppler imaging.57 
The sonographic appearance of littoral cell angioma is 

variable and includes reports of hypoechoic and hyper-
echoic focal lesions as well as a diffuse mottled pattern 
without discrete lesions34,58 (Fig. 5-25). Sclerosing angio-
matoid nodular transformation (SANT) is a recently 
recognized benign vascular lesion of the spleen. Informa-
tion regarding the sonographic imaging findings of this 
condition is very limited. Inflammatory pseudotumors 
usually present as a well-defined hypoechoic mass.59

Splenic infarction is one of the more common causes 
of focal splenic lesions and may mimic a mass on ultra-
sound. If a typical peripheral, wedge-shaped, hypoechoic 
lesion is noted, splenic infarction should be the first 
diagnostic consideration60,61 (Figs. 5-26 and 5-27). 
However, the sonographic appearance of splenic infarcts 
varies and includes multinodular or masslike changes 
with irregular margins.62 The temporal evolution of the 
ultrasound appearance of splenic infarctions has shown 
that the echogenicity of the lesion is related to the age 
of the infarction. Infarctions are hypoechoic, or echo 
free, in early stages and progress to hyperechoic lesions 
when fibrosis develops over time.63,64

Other Abnormalities

Sickle Cell Disease

Sickle cell disease almost always affects the spleen. The 
most common splenic complications are autosplenec-
tomy, acute sequestration, hypersplenism, massive 
infarction, and abscess. In homozygous sickle cell 
disease, multiple infarcts generally result in a small, 
fibrotic spleen and complete loss of function (autosple-
nectomy). Although promising new therapies are being 
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FIGURE 5-24. Hamartoma. Round, 5-cm, slightly hyper-
echoic lesion (arrows) arising from the medial margins of the 
spleen.

FIGURE 5-25. Littoral cell angioma. Oval, well-defined, 
5-cm echogenic lesion. Splenectomy was performed when this 
lesion demonstrated growth during follow-up.

FIGURE 5-26. Splenic infarct. Triangular hypoechoic 
infarct (arrow) in the superior aspect of the spleen extends to the 
splenic capsule, analogous to the pleural wedge-shaped density 
seen in pulmonary infarction.

developed, many homozygous sickle cell patients become 
asplenic in late childhood or early adulthood. This 
results in a small spleen, often difficult to visualize, with 
a diffuse echogenic appearance. Patients with heterozy-
gous sickle cell disease often present with splenomegaly 
and may demonstrate the sequelae of infarction.65,66 In 
some patients, areas of preserved splenic tissue are present 

in an otherwise small and fibrotic spleen, and these 
should not be mistaken for an abscess or mass.

Acute splenic sequestration is a life-threatening com-
plication of sickle cell disease and typically occurs in 
infants and children with homozygous sickle cell disease. 
It represents sudden trapping of blood in the spleen, 
resulting in splenic enlargement. On ultrasound, the 
spleen is larger than expected and heterogeneous with 
multiple hypoechoic areas.65 It is important to recognize 
that in homozygous sickle cell patients, an apparently 
normal-sized spleen may actually indicate splenomegaly.

Gaucher’s Disease

In Gaucher’s disease, splenomegaly occurs almost uni-
versally, and approximately one third of patients have 
multiple splenic nodules. These nodules frequently are 
well-defined hypoechoic lesions, but they may also be 
irregular, hyperechoic, or of mixed echogenicity67,68 (Fig. 
5-28). Pathologically, these nodules represent focal areas 
of Gaucher cells associated with fibrosis and infarction. 
Rarely, the entire spleen may be involved, with ultra-
sound showing a diffuse heterogeneous spleen.

Gamna-Gandy Bodies

Gamna-Gandy bodies (Gamna nodules) are siderotic 
nodules that result from organized focal hemorrhagic 
infarcts, typically seen in congestive splenomegaly and 
sickle cell disease. Gamna-Gandy bodies appear as mul-
tiple punctate hyperechoic foci on ultrasound but are 
usually better seen on magnetic resonance imaging 
(MRI).69
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Splenic Trauma

The spleen is the most frequently injured visceral organ 
in patients with blunt abdominal trauma. The spectrum 
of splenic injuries ranges from contusion to a completely 
shattered spleen. The severity of the splenic injury can 
be scored using the American Association for the Surgery 
of Trauma (AAST) Organ Injury Scoring Scale (OIS).70 
Treatment options depend on hemodynamic and clini-
cal criteria and include conservative management with 
or without embolization and surgery.4

Ultrasound can be very helpful and highly accurate in 
the diagnosis of splenic injury. However, computed 
tomography (CT) has proved particularly useful in this 
area because the severity of splenic injury is better 
assessed and other abdominal injuries can be identified 

in one examination.71 In addition, traumatic splenic vas-
cular injuries (e.g., active bleeding, pseudoaneurysms, 
arteriovenous fistulas) are difficult to detect with ultra-
sound.72 However, splenic injury is not always clinically 
apparent and spontaneous splenic rupture or patho-
logic splenic rupture can occur after negligible trauma 
or insignificant events such as coughing.21 This is typi-
cally seen in patients with a pathologically enlarged 
spleen caused by the altered consistency and splenic 
extension below the rib cage.

Advantages of ultrasound are that it is fast, portable, 
and easily integrated into the resuscitation of patients 
with trauma without delaying therapeutic measures.73 In 
addition, if the patient is hemodynamically unstable, 
obtaining a CT scan may not be feasible.74 Therefore, 
ultrasound examinations performed in the emergency 
department after blunt abdominal trauma should not 
only focus on free intra-abdominal fluid, but also evalu-
ate the solid organs. Further, now that nonsurgical man-
agement is preferred, ultrasound is helpful for numerous 
follow-up examinations.

When the spleen is involved in blunt abdominal 
trauma, two outcomes are possible. If the capsule remains 
intact, the result may be an intraparenchymal or sub-
capsular hematoma (Fig. 5-29). If the capsule ruptures, 
a focal or free intraperitoneal hematoma may result. 
With capsular rupture, it might be possible to demon-
strate fluid surrounding the spleen in the left upper 
quadrant. Although blood often spreads within the peri-
toneal cavity and can be found in the pelvis or in Mori-
son’s pouch, on some occasions it becomes walled off in 
the left upper quadrant (Fig. 5-30).

It is important to consider the timing of the sono-
graphic examination relative to the trauma. Immediately 
after the traumatic incident, the hematoma is liquid and 
can easily be differentiated from splenic parenchyma. 

FIGURE 5-28. Gaucher’s disease. Enlarged spleen con-
taining a 2-cm heterogeneous nodule. (Courtesy M. Maas, MD, 
Amsterdam.)
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FIGURE 5-27. Splenic infarct. A, Coronal longitudinal scan shows a well-defined hypoechoic central area reaching the splenic 
capsule medial and lateral in a patient with splenomegaly receiving peritoneal dialysis. B, Corresponding CT scan after IV contrast dem-
onstrates the wedge-shaped nonenhancing area in keeping with an infarct.
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FIGURE 5-29. Subcapsular hematoma. A, Transverse scan shows a fluid- and debris-filled crescentic hematoma (H) in the lateral 
aspect of the spleen. B, Thin, brightly echogenic crescentic line (arrow) represents the splenic capsule.
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FIGURE 5-30. Perisplenic hematoma. A, Coronal scan shows a hematoma (arrows) lateral to the spleen (S). B, Corresponding 
CT scan after IV contrast shows the splenic laceration (arrows) and large, perisplenic hematoma. Free fluid is also seen in the right upper 
abdomen.
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After the blood clots, and for the subsequent 24 to 48 
hours, the echogenicity of the perisplenic hematoma 
may closely resemble the echogenicity of normal splenic 
parenchyma and may mimic splenomegaly. Subse-
quently, the blood re-liquefies and the diagnosis becomes 
easy again. In splenic injuries, there are often focal areas 

of inhomogeneity within the spleen, but these can be 
subtle (Fig. 5-31).

There is no clear consensus in the literature as to 
whether imaging follow-up is helpful or necessary.75 If 
follow-up is performed, the clinician may see the sub-
capsular hematoma differentiated from the pericapsular, 
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FIGURE 5-31. Splenic laceration. A, Coronal ultrasound 
scan shows irregular, subtle, hypoechoic areas (arrows). There is 
a small amount of blood (anechoic) around the spleen. B and 
C, Different patient. B, Longitudinal scan shows ovoid 
hypoechoic areas. C, Coronal reconstructed CT scan after IV 
contrast demonstrates the splenic lacerations and a large, peri-
splenic hematoma.

organized hematoma by the capsule itself (see Fig. 5-29, 
B). The splenic capsule is very thin and frequently not 
visualized separately from adjacent fluid. In these cases 
the shape of the fluid collection can provide an impor-
tant clue to the location of the hematoma. If the collec-
tion is crescentic and conforms to the contour of the 
spleen, the hematoma is likely subcapsular. Irregularly 
shaped collections are seen more with perisplenic 
hematomas.

Perisplenic fluid may persist for weeks or even months 
after splenic injury. Although there may actually be a 
condition of delayed rupture of the spleen, it is possible 
that all ruptures of the spleen occurred at the time of 
injury and were walled off initially.76 Delayed rupture 
may be only the extension of blood into the peritoneal 
cavity after liquefaction of a perisplenic hematoma.

Aside from splenic capsule rupture, there may be 
internal damage to the spleen with an intact splenic 
capsule. This can result in intraparenchymal or subcap-
sular hematoma of the spleen, which initially appears 
only as an inhomogeneous area in the otherwise uniform 
splenic parenchyma. Subsequently, the hematoma may 
resolve, and repeat scans may show cystic change at the 
site of the original injury.

Sonographically, a perisplenic hematoma can closely 
mimic a perisplenic abscess. A hematoma can also 
become infected and transform into a left subphrenic 
abscess.38 If the distinction cannot be made clinically, 
fine-needle aspiration can differentiate between a hema-
toma and an abscess.

CONGENITAL ANOMALIES

Accessory spleens, also known as splenunculi, are 
common normal variants found in up to 30% of autop-
sies. They are typically located near the splenic hilum 
and have similar echogenicity as the normal spleen. Sple-
nunculi may be confused with enlarged lymph nodes 
around the spleen or with masses in the tail of the pan-
creas. When the spleen enlarges, the accessory spleens 
may also enlarge. Ectopic accessory spleens described 
in various locations, including the pancreas and scrotum, 
are typically confused with abnormal masses or may 
rarely undergo torsion and cause acute abdominal 
pain.77,78 The vast majority of accessory spleens, however, 
are easy to recognize sonographically as small, rounded 
masses, usually less than 5 cm in diameter, with the same 
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FIGURE 5-32. Accessory spleen. Coronal sonogram 
shows an accessory spleen (splenunculus) adjacent to the inferior 
medial portion of the spleen.
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echogenicity as the spleen (Fig. 5-32). CT, MRI or in 
challenging cases, scintigraphy with 99mTc-labeled heat-
damaged red blood cells, can confirm the diagnosis.79

A “wandering spleen” (or mobile spleen) can be found 
in unusual locations and may be mistaken for a mass 
(Fig. 5-33). It is caused by absence or extreme laxity of 
the supporting ligaments and a long, mobile mesentery 
(see Fig. 5-1, B). The mobile spleen may undergo torsion, 
resulting in acute or chronic abdominal pain.80,81 If the 
diagnosis of a wandering spleen is made in a patient with 
acute abdominal pain, the diagnosis of torsion may be 
supported by color flow Doppler imaging showing 
absence of blood flow.82

The other two major congenital splenic anomalies are 
the asplenia and polysplenia syndromes. These conditions 
are best understood if viewed as part of the spectrum of 
anomalies known as visceral heterotaxy. A normal 
arrangement of asymmetrical body parts is known as situs 
solitus. The mirror image condition is called situs inver-
sus. Between these two extremes is a wide spectrum of 
abnormalities called situs ambiguus. Splenic abnormali-
ties in patients with visceral heterotaxy consist of poly-
splenia and asplenia. Interestingly, patients with 
polysplenia have bilateral left-sidedness, or a domi-

nance of left-sided over right-sided body structures. They 
may have two morphologically left lungs, left-sided 
azygous continuation of an interrupted inferior vena cava, 
biliary atresia, absence of the gallbladder, gastrointestinal 
malrotation, and frequently cardiovascular abnormalities. 
Conversely, patients with asplenia may have bilateral 
right-sidedness. They may have two morphologically 
right lungs, midline location of the liver, reversed position 
of the abdominal aorta and inferior vena cava, anomalous 
pulmonary venous return, and horseshoe kidneys. The 
wide range of possible anomalies accounts for the variety 
of presenting symptoms, but absence of the spleen itself 
causes impairment of the immune response, and such 
patients can present with serious infections, such as sepsis 
and bacterial meningitis.6

Polysplenia must be differentiated from posttrau-
matic splenosis.83 Splenosis is an acquired condition 
defined as autotransplantation of viable splenic tissue 
throughout different anatomic compartments of the 
body. It occurs after traumatic or iatrogenic rupture of 
the spleen.84 Nuclear medicine imaging, with techne-
tium-labeled heat-damaged red blood cells, is the most 
sensitive study for both posttraumatic splenosis and con-
genital polysplenia. Accessory spleens as small as 1 cm 
can be demonstrated by this method.79

INTERVENTIONAL PROCEDURES

Multiple reports and case series have described percuta-
neous splenic interventions.85,86 Although typically 
described in smaller series, safety and success rates are 
similar to those performed elsewhere in the abdomen.87

Ultrasound-guided splenic biopsy can help establish 
a diagnosis with a low rate of complication rates and a 
high diagnostic yield.20 Fine-needle and core-needle biop-
sies have been performed successfully to diagnose focal 
abnormalities, including abscesses, sarcoidosis, primary 
splenic malignancies, metastases, and lymphoma.88,89

In patients with abscesses, cysts, hematomas, and 
infected necrotic tumors, percutaneous catheter drainage 
is often successful.40 Even radiofrequency ablation (RFA) 
procedures involving the spleen have been reported 
recently.90

Despite these reports, however, many interventional 
radiologists remain reluctant to perform splenic inter-
ventions. The main concern has been fear of bleeding 
caused by the highly vascular nature of the organ. 
However, clinicians should take into consideration that 
a successful image-guided percutaneous procedure could 
prevent the need for splenectomy.87

PITFALLS IN INTERPRETATION

Sonographers must be wary of several ultrasound pitfalls 
them when scanning the left upper quadrant and spleen. 

FIGURE 5-33. Wandering spleen. Sagittal extended-
FOV image of midline abdomen in asymptomatic young woman; 
L, liver, S, spleen; U, uterus; B, bladder.
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The first is the crescentic, echo-poor area superior to the 
spleen, which can be caused by the left lobe of the liver 
in thin individuals91-94 (see Fig. 5-5). The left liver lobe 
can mimic the appearance of a subcapsular hematoma or 
a subphrenic abscess. Observing the liver sliding over the 
more echogenic spleen during quiet respiration can make 
the correct diagnosis. Hepatic and portal veins may help 
to identify this structure as the liver.

The tail of the pancreas may simulate a mass adjacent 
to the hilum of the spleen (Fig. 5-34). This is particularly 
true if the plane of section is aimed along the long axis 
of the pancreatic tail. Identifying the splenic artery and 
vein may be helpful in confirming the normal tail of the 
pancreas.

Similarly, the fundus of the stomach may nestle in the 
hilum of the spleen. An oblique plane during scanning 
may pass through the spleen and include the hilum, with 
an echogenic portion of the stomach simulating an intra-
splenic lesion. In some patients, this is just the fat around 
the stomach. Occasionally, fluid in the fundus of the 
stomach can simulate a perisplenic fluid collection. This 
can usually be resolved by scanning transversely or by 
letting the patient drink some water during the scan.

An occasional anatomic variant can occur if the infe-
rior portion of the spleen is located posterolateral to the 
upper pole of the left kidney. This variant has been called 
the retrorenal spleen. Awareness of its existence can 
prevent the misdiagnosis of an abnormal mass. If visual-
ized sonographically, it should be avoided in any inter-
ventional procedure performed on the left kidney.95

It can be very difficult to determine the site of origin 
of large, LUQ masses arising from the spleen, left adrenal 
gland, left kidney, tail of the pancreas, stomach, or ret-

roperitoneum. Differential motion observed during 
shallow respiration may be helpful. Additionally, the 
identification of the splenic vein entering the splenic 
hilum can be definitive. CT or MRI should be used to 
clarify challenging cases.
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Sonographic evaluation of the biliary tract is one 
of the most appropriate and efficacious uses of the ultra-
sound examination. The cystic nature of both the gall-
bladder and the bile ducts, particularly when dilated, 
provides an inherently high contrast resolution in  
comparison to the adjacent tissues. This factor, the excel-
lent spatial resolution of sonography, and the acoustic 
window provided by the liver allow for a high-quality 
examination in the majority of patients. Currently, 
sonography remains the modality of choice for the detec-
tion of gallstones, assessment of acute right upper quad-
rant pain, and for the initial evaluation of the patient 
with jaundice or elevated liver function tests. In conjunc-
tion with MRI/MRCP and contrast-enhanced CT scan, 
sonography also plays a key role in the multimodality 
evaluation of more complex biliary problems, such as the 
diagnosis and staging of hilar cholangiocarcinoma. The 
recent development of contrast-enhanced sonography 
for detection of hepatic masses further broadens this role. 
From the smallest of ultrasound departments operating 
in remote geographic areas to the largest of tertiary insti-
tutions, there is no other anatomic location in the body 
that is better studied with sonography than the biliary 
tract.

THE BILIARY TREE

Anatomy and Normal Variants

An understanding of the normal location of the bile 
ducts and common anatomic variations is important in 
staging of malignancies and directing intervention. In 
biliary terminology, proximal denotes the portion of the 
biliary tree that is in relative proximity to the liver and 
hepatocytes, whereas distal refers to the caudal end 
closer to the bowel. The term branching order applies 
to the level of division of the bile ducts starting from the 
common hepatic duct (CHD); first-order branches are 
the right and left hepatic ducts, second-order branches 
are their respective divisions (also known as secondary 
biliary radicles), and so on. Central specifies proximity 
to the porta hepatis, whereas peripheral refers to the 
higher-order branches of the intrahepatic biliary tree 
extending well into the hepatic parenchyma. Knowledge 
of Couinaud’s functional anatomy of the liver is also 
vital in description of the intrahepatic biliary abnormali-
ties (see Chapter 4).

The intrahepatic ducts are not in a fixed relation 
to the portal veins within the portal triads and can be 
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anterior or posterior to the vein or even tortuous about 
the vein.1 The right and left hepatic ducts, that is, the 
first-order branches of the CHD, are routinely seen on 
sonography, and normal second-order branches may be 
visualized2 (Fig. 6-1). The use of spectral and color 
Doppler ultrasound is often needed to distinguish 
hepatic arteries from ducts. In our experience, visualiza-
tion of third-order or higher-order branches is often an 
abnormal finding and requires a search for the cause of 
dilation. Most of the right and left hepatic ducts are 
extrahepatic and, along with the CHD, form the hilar 
or central portion of the biliary tree at the porta hepatis. 
This is the most common location for cholangiocarci-
noma. The normal diameter of the first-order and 
higher-order branches of the CHD has been suggested 
to be 2 mm or less, and no more than 40% of the diam-
eter of the adjacent portal vein.2

The most common branching pattern of the biliary 
tree occurs in 56% to 58% of the population3,4 (Figs. 
6-2 and 6-3). On the right side, the right hepatic duct 

forms from the right anterior and right posterior 
branches, draining the anterior (segments 5 and 8) and 
posterior (segments 6 and 7) segments of the right lobe, 
respectively. On the left side, segment 2 and 3 branches 
join to the left of the falciform ligament to form the left 
hepatic duct. This duct becomes extrahepatic in location 
as it extends to the right of the falciform ligament, where 
it is joined by ducts of segments 4 and 1.

The key to understanding the common normal vari-
ants of biliary branching lies in the variability of the site 
of insertion of the right posterior duct (RPD) (seg-
ments 6 and 7). The RPD often extends centrally toward 
the porta hepatis in a cranial direction. It passes superior 
and posterior to the right anterior duct (RAD) and then 
turns caudally, joining the RAD to form the short right 
hepatic duct (see Fig. 6-2). Three other common sites of 
insertion of the RPD account for the majority of the 
anatomic variations. If the RPD extends more to the left 
than usual, it can join the junction of the right and left 
hepatic ducts (“trifurcation pattern”; ~8% of normal 

A B

FIGURE 6-1. Normal bile ducts. A, Right and left hepatic ducts (arrowhead) are normally seen lying anterior to the portal veins. 
B, Common hepatic/common bile ducts of normal caliber in sagittal view lying in the typical position anterior to the portal vein (V) and 
hepatic artery (arrow).

A B C D
FIGURE 6-2. Common variants of bile duct branching. Right posterior duct (RPD) is in red. A, RPD joins the right 
anterior duct in 56% to 58% of population. B, Trifurcation pattern, 8%. C, RPD joins the left hepatic duct, 13%. D, RPD joins the 
common hepatic or common bile duct directly, 5%.
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variants) or the left hepatic duct (~13%) (Fig 6-4). If the 
RPD extends in a caudal-medial direction instead, it can 
join the CHD or common bile duct (CBD) directly 
(~5%). Anomalous drainage of various segmental hepatic 
ducts directly into the common hepatic ducts is less 
common.

The normal caliber of the CHD/CBD in patients 
without history of biliary disease is up to 6 mm in most 
studies5 (see Fig. 6-1). Controversy surrounds whether 

there is a normal widening of the duct with increasing 
age.6 Similarly, studies on an association between chole-
cystectomy and a large-caliber CBD are inconclusive. 
Although diameters of up to 10 mm have been recorded 
in an asymptomatic normal population, the great major-
ity of the diameters are under 7 mm. Therefore, a ductal 
diameter of 7 mm or greater should prompt further 
investigations, such as correlation with serum levels of 
cholestatic liver enzymes.

A B

FIGURE 6-3. Typical ductal branching order. Intrahepatic biliary tree is dilated because of an obstructed common bile duct 
(not shown). A and B, Subcostal oblique views foreshorten the right (R) and left (L) hepatic ducts. RA, Right anterior duct; RP, right 
posterior duct; 2, segment 2 duct; 3, segment 3 duct; 4, segment 4 duct.

A B

FIGURE 6-4. Aberrant right posterior duct. A, Transverse image obtained cranial to the porta hepatis depicts the aberrant 
right posterior duct (arrow) inserting into the left hepatic duct. This is the most common anomaly of the biliary tree. B, Corresponding 
enhanced CT image shows the same anomaly.
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The site of insertion of the cystic duct into the bile 
duct is quite variable. The cystic duct may join the bile 
duct along its lateral, posterior, or medial border. It may 
also run a parallel course to the duct and insert into the 
lower one third of the duct, close to the ampulla of 
Vater.7 The common bile duct extends caudally within 
the hepatoduodenal ligament, lying anterior to the portal 
vein and to the right of the hepatic artery. It then passes 
posterior to the first portion of the duodenum and the 
head of the pancreas, sometimes embedded in the latter. 
It ends in the ampulla of Vater, which is rarely identified 
on transabdominal ultrasound.

Sonographic Technique

Our technique for assessment of the intrahepatic ducts 
includes a routine scan, as would be performed for liver 
evaluation, including both sagittal and transverse scans. 
In addition, we perform a focused scan to assess the 
porta hepatis, recognizing that its orientation requires an 
oblique plane to show the length of the right and left 
hepatic ducts in a single image. For this we utilize a 
subcostal oblique view with the left edge of the trans-
ducer more cephalad than the right edge. The face of the 
transducer is directed toward the right shoulder. With a 
full suspended inspiration, a sweep of the transducer 
from the shoulder to the umbilical region will show the 
middle hepatic vein, then the long axis of the right and 
left hepatic ducts at the porta hepatis, followed by the 
common duct in cross section. By rotating the trans-
ducer 90 degrees to this plane, a second suspended inspi-

ration will allow for a long axis view of the CHD and 
CBD at the porta hepatis.

Harmonic imaging allows for improved contrast 
between the ducts and adjacent tissues, leading to 
improved visualization of the duct, its luminal contents, 
and wall (Fig. 6-5). We advocate routine use of har-
monic imaging in the assessment of the biliary tree. 
Specific scanning techniques for assessment of choledo-
cholithiasis and cholangiocarcinoma are discussed in the 
appropriate sections.

Choledochal Cysts

Choledochal cysts represent a heterogeneous group of 
congenital diseases that may manifest as focal or diffuse 
cystic dilation of the biliary tree. These cysts occur most 
often in East Asian populations; the incidence in Japan 
is 1 in 13,000 versus 1 in 100,000 in Western popula-
tions.8,9 The female/male ratio is 3:1 to 4:1.

Although most patients present early in life, about 
20% of choledochal cysts are encountered in adulthood, 
when sonography is performed for symptoms of gall-
stone disease.10 The most widely used classification 
system divides choledochal cysts into five types11 (Fig. 
6-6). Type I choledochal cysts, a fusiform dilation of the 
CBD, are the most common (80%) and, along with type 
IVa, are associated with an abnormally long common 
channel (>20 mm) between the distal bile duct and the 
pancreatic duct. This long common channel could allow 
for reflux of pancreatic juices into the CBD, causing 
dilation, but this remains controversial.8,12 Type II cysts 

A B

FIGURE 6-5. Harmonic imaging of biliary tree. A, Longitudinal view of the common bile duct with fundamental frequencies 
and B, with harmonic imaging. There is increased contrast to noise with harmonic imaging, effectively clearing the artifactual, low-level 
echoes over the fluid-filled duct. (From Ortega D, Burns PN, Hope Simpson D, Wilson SR. Tissue harmonic imaging: is it a benefit for bile 
duct sonography? AJR Am J Roentgenol 2001;176:653-659.)
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are true diverticula of the bile ducts and are very rare. 
Type III cysts, the “choledochoceles,” are confined to 
the intraduodenal portion of the CBD. Type IVa cysts 
are multiple intrahepatic and extrahepatic biliary dila-
tions, whereas type IVb cysts are confined to the extra-
hepatic biliary tree. Caroli’s disease has been classified as 
a type V cyst, but it has a different embryonic origin and 
is not a true choledochal cyst.9

On sonography, a cystic structure is identified that 
may contain internal sludge, stones, or even solid neo-
plasm. In some cases the cyst is large enough that its 
connection to the bile duct is not immediately recog-
nized. Use of various scanning windows and angles allows 
for demonstration of the relationship of the lesion to the 
biliary tract, differentiating it from pancreatic pseudo-
cysts or enteric duplication cysts. Biliary scintigraphy, 
magnetic resonance cholangiopancreatography (MRCP), 
and endoscopic retrograde cholangiopancreatography 
(ERCP) have been used to delineate further the structure 
of choledochal cysts. ERCP is necessary to ensure that 
the dilation is not a result of distal neoplasm, especially 
in the case of type I choledochal cysts (Fig. 6-7). Because 
there is a proven risk of cholangiocarcinoma with all 
choledochal cysts, surgical resection is advocated.

Caroli’s Disease

Caroli’s disease is a rare congenital disease of the intra-
hepatic biliary tree that results from malformation of the 
ductal plates, the primordial cells that give rise to the 
intrahepatic bile ducts. There are two types of Caroli’s 
disease: the simple, classic form and the second, more 
common form, which occurs with periportal hepatic 
fibrosis.13 The second form has also been called Caroli’s 
syndrome. Caroli’s disease has been associated with 
cystic renal disease, most often renal tubular ectasia 
(medullary sponge kidneys). However, both forms may 
also be seen in patients with autosomal recessive poly-
cystic kidney disease. Caroli’s disease affects men and 
women equally, and more than 80% of patients present 
before the age of 30 years.14

Caroli’s disease leads to saccular dilation or less 
often fusiform dilation of the intrahepatic biliary tree, 
resulting in biliary stasis, stone formation, and bouts of 
cholangitis and sepsis (Fig. 6-8). The disease most often 
affects the intrahepatic biliary tree diffusely, but it may 
be focal. The dilated ducts contain stones and sludge. 
Unlike recurrent pyogenic cholangitis, the ductal con-
tents do not form a cast of the dilated system and thus 
are more easily identified as ductal contents.15 Also, 
small portal vein branches surrounded by dilated bile 
ducts and bridging echogenic septa traversing the  
dilated ducts have been described on ultrasound. These 
correspond to persistent embryonic ductal structures.16 
If associated with congenital hepatic fibrosis, findings of 
altered hepatic architecture and portal hypertension are 
also present. Cholangiocarcinoma develops in 7% of 
patients with Caroli’s disease.14

Overview of Biliary  
Tree Obstruction

Elevation of cholestatic liver parameters, which may 
appear clinically as jaundice, is a frequent indication for 
sonographic examination of the abdomen. The major 
objective in performing these scans is to determine if the 
patient has obstruction of the bile ducts, as opposed to 
a hepatocellular or biliary ductular disease. Sonography 
is highly sensitive in the detection of dilation of the 
biliary tree and is therefore an excellent modality for 
initiation of the imaging investigation (Fig. 6-9). These 
scans should be performed with knowledge of the 
patient’s clinical condition, especially whether the patient 
has painless jaundice or has painful jaundice, as seen  
with acute obstruction or infection affecting the biliary 
tree.

The ultrasound examination should focus on answer-
ing the following three questions:
1. Are the bile ducts or gallbladder dilated?
2. If dilated, to what level?
3. What is the cause of the obstruction?

I II III IV
FIGURE 6-6. Todani classification system for choledochal cysts. Type I cyst: diffuse dilation of the extrahepatic bile 
duct; this is the most common type (80%). Type II cyst: true diverticulum of the bile duct; very rare. Type III cyst: also called chole-
dochocele; diffuse dilation of the very distal (intraduodenal) common bile duct. Type IV cyst: multifocal dilations of the intrahepatic and 
extrahepatic bile ducts. Type V cyst, Caroli’s disease, is omitted because it is not a true choledochal cyst. (From Todani T, Watanabe Y, 
Narusue M, et al. Congenital bile duct cysts, classification, operative procedures, and review of thirty-seven cases including cancer arising from 
choledochal cyst. Am J Surg 1977;134:263-269.)
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A

C

B

D

FIGURE 6-7. Choledochal cysts. A, Type I. Fusiform dilation of the common bile duct is seen, but no obstructive lesion is noted. 
This is the most common type of choledochal cyst. B, Type I cyst reveals a cholangiocarcinoma (arrow) growing into the cyst (longitudinal 
view). C, Sonogram, and D, MRCP, Type IV. There is tubular dilation of the more central intrahepatic biliary tree. The dilated extra-
hepatic ducts have been previously resected.
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Choledocholithiasis

Choledocholithiasis may be classified into primary and 
secondary forms. Primary choledocholithiasis denotes 
de novo formation of stones, often made of calcium bili-
rubinate (pigment stones) within the ducts. The etio-
logic factors are often related to diseases causing strictures 
or dilation of the bile ducts, leading to stasis, as follows:
• Sclerosing cholangitis
• Caroli’s disease
• Parasitic infections of the liver (e.g., Clonorchis, 

Fasciola, Ascaris)17

• Chronic hemolytic diseases, such as sickle cell disease
• Prior biliary surgery, such as biliary-enteric 

anastomoses
Migration of stones from the gallbladder into the 

common bile duct constitutes secondary choledocholi-
thiasis. Whereas primary choledocholithiasis is relatively 
rare outside endemic regions (East Asia), secondary  
choledocholithiasis is quite common, representing the 
worldwide distribution of gallstone disease. Bile duct 
stones are found in 8% to 18% of patients with symp-
tomatic gallstones.18

A B

FIGURE 6-8. Caroli’s disease. A, Transverse image through the left lobe of the liver demonstrates a dilated duct with sacculations 
typical of Caroli’s disease. Mildly shadowing stones (arrow) are seen in the proximal duct. B, Corresponding cholangiogram shows the 
stones (arrow) as filling defects.

A B

FIGURE 6-9. Common bile duct obstruction caused by extrinsic factors. A, Pancreatic adenocarcinoma. Short 
transition zone with shouldering, large duct caliber, along with an obstructive mass are typical findings in malignant obstruction.  
B, Pancreatitis. Elongated tapering of the duct suggests a benign cause. Note mild sympathetic gallbladder wall thickening caused by 
adjacent inflammation.
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Intrahepatic Stones

Harmonic and compound imaging have improved the 
ability to find small stones within the intrahepatic bile 
ducts, especially with dilated ducts. Our experience indi-
cates that sonography compares to and occasionally sur-
passes other biliary imaging methods, including MRCP. 
However, the current sensitivity of sonography in detect-
ing intrahepatic stones is unknown.

The appearance of stones depends on their size and 
texture (Fig. 6-10). Most stones are highly echogenic 
with posterior acoustic shadowing, although. Small 

(<5 mm) or soft pigment stones in the patient with recur-
rent pyogenic cholangitis may not show shadowing (see 
Fig. 6-11, D). When the affected ducts are filled with 
stones, the individual stones may not be appreciated; 
instead a bright, echogenic linear structure with posterior 
shadowing is seen. Stones should always be suspected if 
discrete or linear echogenicities with or without shadow-
ing are seen in the region of the portal triads, paralleling 
the course of the portal veins within the liver. Harmonic 
imaging improves both the contrast resolution and the 
detection of the acoustic shadow and is therefore recom-
mended for routine assessment of the biliary tree.19

A

C

B

D

FIGURE 6-10. Choledocholithiasis. A, Intrahepatic stones. Small stones (arrow) are seen in the right lobe causing acoustic 
shadowing. Note the dilated duct proximal to the larger stone. B, Multiple stone clusters (arrowheads) in the left lobe appearing as 
echogenic linear structures with shadowing. Both patients (in A and B) had cystic fibrosis. C and D, Common bile duct (CBD) stones. 
C, Small stone (arrow) may not show shadowing. D, Large stone (arrow) has classic findings within a dilated CBD. (C and D from Ortega 
D, Burns PN, Hope Simpson D, Wilson SR: Tissue harmonic imaging: is it a benefit for bile duct sonography? AJR Am J Roentgenol 
2001;176:653-659.)
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FIGURE 6-11. Primary sclerosing cholangitis. A, Isoechoic inflammatory tissue causing obliteration of right and left hepatic 
ducts (arrows) with proximal dilation. B, Dilated intrahepatic ducts “rat-tail” as they extend centrally toward the hepatic hilum. Note 
the hypoechoic ductal/periductal tissue obstructing the central ducts (arrowheads). C, Saccular diverticula (arrow) of the duct are occasion-
ally seen. Note the variable caliber of the dilated ducts. D, Minute intraductal stones (arrows) are seen in irregular, mildly dilated ducts. 
E and F, Common bile duct wall thickening of moderate and severe degrees, respectively. Note the extremely narrowed, anechoic central 
lumen.
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FIGURE 6-12. Mirizzi syndrome. Mirizzi syndrome in a 
patient with abdominal pain and jaundice. Sagittal sonogram 
shows a dilated common bile duct obstructed by a large stone 
impacted in the distal cystic duct. This appearance may be mis-
taken for a common bile duct stone. There is thickening of the 
wall of the cystic duct (arrow).

Common Bile Duct Stones

The majority of stones in the CBD will be in the distal 
duct right at the ampulla of Vater. Therefore, sono-
graphic evaluation should include assessment of the 
entire duct, focusing on the periampullary region. 
Unfortunately, this region is often the most difficult area 
to see because it may be hidden by bowel gas, making 
detection of distal CBD stones also difficult. Optimal 
technical factors to improve assessment include the 
following:
• Changes in patient position. The CBD may be 

examined in supine, left lateral decubitus, and 
standing positions. The change in the relative 
position of adjacent organs and bowel gas may allow 
significantly improved visualization of the distal 
duct.

• Choice of sonographic window. The subcostal 
view is most useful for the assessment of the porta 
hepatis and proximal CBD. An epigastric view is 
best for the distal CBD.

• Use of compression sonography. Physically 
compressing the epigastrium may collapse the 
superficial bowel and displace the bowel gas that is 
blocking the view.

• Detailed assessment of the distal CBD. The distal 
intrapancreatic CBD is often best visualized with  
the probe focused on the pancreatic head in the 
transverse plane. Once the dilated CBD is identified, 
a slight rocking of the transducer to just “peek” at the 
point of caliber change will often allow a glimpse of a 
stone impacted in the distal duct, which is otherwise 
hidden from sonographic view. Similarly, a sagittal 
view focused on the pancreatic head should show the 
dilated CBD on the dorsal aspect of the head. Again, 
slight manipulation of the transducer, focusing on the 
point of caliber change, is best to see a solitary stone 
impacted in the distal duct.
The classic appearance of CBD stones is a rounded 

echogenic lesion with posterior acoustic shadowing 
(see Fig. 6-10). Importantly, no fluid rim will be seen 
around an impacted distal CBD stone because it is com-
pressed against the duct wall. The lateral margins of the 
stone are therefore not seen, decreasing the conspicuity 
of the stone, versus a stone seen in the gallbladder or 
proximal duct, where it is likely to be surrounded by bile. 
Small stones may lack good acoustic shadows and appear 
only as a reproducible bright, linear echogenicity, either 
straight or curved. Awareness of this subtle appearance 
of CBD stones definitely improves their detection.

Pitfalls in the diagnosis of choledocholithiasis include 
blood clot (hemobilia), papillary tumors, and occa-
sionally biliary sludge; none of these will shadow. 
Surgical clips in the porta hepatis, mostly from previous 
cholecystectomy, appear as linear echogenic foci with 
shadowing.20 The short length, the relatively high degree 
of echogenicity, the lack of ductal dilation, and the 

absence of the gallbladder should allow differentiation of 
surgical clips from stones.

Mirizzi Syndrome

Mirizzi syndrome describes a clinical syndrome of jaun-
dice with pain and fever resulting from obstruction of 
the common hepatic duct caused by a stone impacted in 
the cystic duct. It occurs most often when the cystic  
duct and CHD run a parallel course. The stone is often 
impacted in the distal cystic duct, and the accompanying 
inflammation and edema result in the obstruction of the 
adjacent CHD. The obstruction of the cystic duct results 
in recurrent bouts of cholecystitis, and the impacted 
stone may erode into the CHD, resulting in a chole-
cysto-choledochal fistula and biliary obstruction.21 Iden-
tification of the fistula complication (called Mirizzi type 
II) is important because the treatment requires surgical 
repair of the fistula. Acute cholecystitis, cholangitis, and 
even pancreatitis may occur.22

Mirizzi syndrome should be considered on sonogra-
phy when biliary obstruction with dilation of the biliary 
ducts to the CHD level is seen with acute or chronic 
cholecystitis. Thus the gallbladder has features of acute 
cholecystitis but may or may not be distended.2 A stone 
impacted in the cystic duct with surrounding edema at 
the level of the obstruction is confirmatory (Fig. 6-12).

Hemobilia

Iatrogenic biliary trauma, mostly caused by percutane-
ous biliary procedures or liver biopsies, accounts for 
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approximately 65% of all causes of hemobilia. Other 
etiologies include cholangitis or cholecystitis (10%), vas-
cular malformations or aneurysms (7%), abdominal 
trauma (6%), and malignancies, especially hepatocellular 
carcinoma and cholangiocarcinoma (7%).23 Pain, bleed-
ing, and biochemical jaundice are the usual complaints 
at presentation. Apart from the blood loss, which occa-
sionally is severe, complications are rare and include 
cholecystitis, cholangitis, and pancreatitis.

The appearance of blood within the biliary tree is 
similar to blood clots encountered elsewhere (Fig. 6-13). 
Most often, the clot is echogenic or of mixed echo-
genicity, and retractile, conforming to the shape of the 
duct. Occasionally, hemobilia may appear tubular with 
a central hypoechoic area. Acute hemorrhage will appear 
as fluid with low-level internal echoes. Blood clots may 
be mobile. Extension into the gallbladder is common. 
The clinical history is often essential to the diagnosis.
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FIGURE 6-13. Hemobilia: spectrum on sonography. A, Echogenic blood clot (arrowhead) within a dilated duct, after inser-
tion of biliary drainage catheter. Biliary obstruction was caused by pancreatic tumor. B and C, Echogenic clot in the common hepatic 
duct in two patients after liver biopsy. D and E, Spontaneous hemobilia in patient receiving anticoagulation therapy. Note the tubular 
appearance of the clot (arrow) with central anechoic lumen. F, Corresponding MRCP image depicts the same. G, H, and I, Blood in 
gallbladder in three different patients. All patients developed pain after liver biopsy. Note the angled edges of the clot in G, typical of 
blood clots.
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Pneumobilia

Air within the biliary tree usually results from previous 
biliary intervention, biliary-enteric anastomoses, or 
common bile duct stents. In the acute abdomen, pneu-
mobilia may be caused primarily by three entities. 
Emphysematous cholecystitis may lead to pneumo-
bilia; its risk factors and findings are discussed under 
Acute Cholecystitis. Inflammation caused by an impacted 
stone in the common bile duct may cause erosion of  
the duct wall, leading to choledochoduodenal fistula. 
The third entity, prolonged acute cholecystitis, may lead 
to erosion into an adjacent loop of bowel, most fre-
quently the duodenum or transverse colon, called cho-
lecystoenteric fistula. Stones may then pass from the 
gallbladder into the bowel and can cause a bowel obstruc-
tion called gallstone ileus.

Air in the bile ducts has a characteristic appearance. 
Bright, echogenic linear structures following the portal 
triads are seen, more often in a nondependent position 
(Fig. 6-14). Posterior “dirty” shadowing and reverbera-
tion (“ringdown”) artifact are seen with large quantities 
of air. Movement of the air bubbles, best seen just after 
changing the patient’s position, is diagnostic. Extensive 
arterial calcifications, seen especially in diabetic patients, 
can mimic pneumobilia.

Biliary Tree Infection

Acute (Bacterial) Cholangitis

Antecedent biliary obstruction is an essential compo-
nent of bacterial cholangitis, associated in 85% of cases 

with common bile duct stones.24 Other causes of 
obstruction include biliary stricture as a result of trauma 
or surgery, congenital abnormalities such as choledo-
chal cysts, and partially obstructive tumors. Intrinsic or 
extrinsic neoplasms causing complete biliary obstruc-
tion rarely cause pyogenic cholangitis before biliary 
intervention.25 The clinical presentation is usually that 
of (1) fever (~90%), (2) right upper quadrant (RUQ) 
pain (~70%), and (3) jaundice (~60%), the classic 
Charcot’s triad. There is leukocytosis, or at least a left 
shift, and elevated levels of serum alkaline phosphatase 
(ALP) and bilirubin in the great majority of patients. 
Often, mild serum hepatic transaminitis is present, but 
occasionally, levels above 1000 are seen early in the 
disease because of a sudden increase in intrabiliary pres-
sures.25 The bile is most often infected by gram-negative 
enteric bacteria, which are often retrieved in blood 
cultures.

Acute cholangitis is a medical emergency. Sonography 
is advocated as the first imaging modality to determine 
the cause and level of obstruction and to exclude other 
diseases, such as cholecystitis, acute hepatitis, and Mirizzi 
syndrome. Sonography is more accurate than computed 
tomography (CT) and more practical than magnetic 
resonance imaging (MRI), endoscopic ultrasound, and 
ERCP in the initial assessment of patients with potential 
acute biliary disease.26

The sonographic findings of bacterial cholangitis 
include the following (Fig. 6-15):
• Dilation of the biliary tree
• Choledocholithiasis and possibly sludge
• Bile duct wall thickening
• Hepatic abscesses

A B

FIGURE 6-14. Pneumobilia. A, Extensive air within the central ducts manifests as linear echogenic structures paralleling the portal 
veins. Note the dirty shadowing (arrow) and reverberation artifact. B, Air in the gallbladder. Pneumobilia often extends into the gallblad-
der. Note the reverberation artifact (arrow).



184  PART II ■ Abdominal, Pelvic, and Thoracic Sonography

Dilation of the biliary tree, when present, can be well 
diagnosed by sonography. A CBD diameter greater than 
6 mm is considered abnormal in most patients. Subtle 
dilation of the intrahepatic biliary tree is a frequently 
overlooked finding that should be specifically sought. 
This includes use of subcostal oblique scanning of the 
porta hepatis to assess the caliber of the right and left 
hepatic ducts, as well as evaluation of the CBD, which 
may measure normal but still show a somewhat “tense” 
or distended morphology. Dilation of the biliary tree is 
seen in 75% of patients. The obstructive stone is usually 
lodged in the distal CBD but may be mobile, causing 
intermittent obstruction. Air is rarely seen within the 
ducts; thus its presence suggests a choledochoenteric 
fistula in the absence of previous biliary manipulation. 
Circumferential thickening of the bile duct wall, similar 
to other causes of cholangitis, may be present and may 
extend to the gallbladder. Multiple small hepatic 
abscesses—sometimes grouped in a lobe or segment of 
the liver—may be seen but tend to become visible on 
sonography when they have undergone liquefaction and 
are a late finding.

Liver Flukes

Fascioliasis. Fasciola hepatica infection is unevenly 
endemic in many regions of the world, including Asia, 
Europe, Northern Africa, and South America (mainly 
Peru and Bolivia).27 Infection is caused by consumption 
of water or raw vegetables contaminated with the larvae 
(metacercariae) of the F. hepatica fluke. The infection 
has two stages: the acute phase, lasting 3 to 5 months, 
and the chronic phase, which may last several years to 

over a decade. The acute phase corresponds to the 
migration of the immature larvae through the bowel 
wall, peritoneal cavity, and liver capsule, into the liver 
parenchyma. Patients may present with acute RUQ 
pain, hepatomegaly, and prolonged fevers. The final des-
tination of the larvae is the biliary tree, where the para-
site matures and produces eggs, indicating the chronic 
phase of infection. The mature Fasciola is the largest of 
the liver flukes (20-40 mm in length), is flat in shape 
(1 mm thin), and can be directly seen within the bile 
ducts. Symptoms then relate to biliary obstruction with 
intermittent jaundice, fevers, and intrahepatic abscesses. 
Half the patients are asymptomatic in the chronic 
phase.27

The imaging appearance of fascioliasis depends on the 
phase of infection. In the acute phase, sonography dem-
onstrates non-specific findings of hepatomegaly, hilar 
adenopathy, and hypoechoic or mixed echogenicity 
lesions28,29 (Fig. 6-16). The liver lesions are often mul-
tiple, confluent, subcapsular and ill-defined and are 
present in ~90% of patients.29 The specific finding of 
the migratory tract of the larvae, manifest by small cyst-
like clusters in serpiginous tracts in the periphery of the 
liver are better imaged with CT or MRI.30 Serial exami-
nation may show slowly evolving disease with progres-
sive central migration of lesions and periportal tracking 
representing lymphangiectasia in the portal triads.31 
Sonography is more useful in the chronic ductal phase 
of the disease, depicting ductal dilation and the flukes 
in the ducts and gallbladder as flat, sometimes moving, 
material (Fig. 6-17). The living flukes within the gall-
bladder were present in 37% of patients in a series of 
87 patients.29

A B

FIGURE 6-15. Acute bacterial cholangitis in a 22-year-old woman. A, Bile duct wall thickening (arrowheads), and 
B, gallbladder wall thickening, help to differentiate acute bacterial cholangitis from primary sclerosing cholangitis, where the gallbladder 
is affected in only 10% to 15% of cases. Note gallstone in the gallbladder.
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Clonorchiasis and Opisthorchiasis. Clonorchis sinen-
sis, Opisthorchis viverrini and Opisthorchis felineus are 
similar in morphology and life cycle but vary in their 
geographic distribution. They all present major public 
health problems to large populations of humans. C. 
sinensis is endemic in East and Southeast Asia; O. viver-
rini in Cambodia, Laos, Thailand, and Vietnam; and 
O. felineus in Central Asia, Russia, and Ukraine.27 The 
infection is acquired by ingestion of raw fish (carp) con-
taminated by the larvae (metacercariae), which migrate 
through the ampulla of Vater, up the bile duct, then 
mature and live within the small and medium-sized 
intrahepatic bile ducts. The mature flukes are smaller 
than F. hepatica, measuring 8 to 15 mm. The acute 
phase of infection tends to be asymptomatic for C. sinen-
sis and O. viverrini. The infestation may last for many 
years or decades.27

Ultrasound imaging of C. sinensis and O. viverrini 
infestation shows similar findings, which are present in 
moderate and severe infestation.32 The principal abnor-
mality is the diffuse dilation of the peripheral intrahe-
patic bile ducts, often with normal or minimally dilated 
central and extrahepatic ducts (Fig. 6-18). The periph-
eral dilation results from the predilection of the fluke for 
these ducts. Active infection is suggested by increased 
periportal echoes (likely representing edema) and float-
ing echogenic foci in the gallbladder, representing the 
flukes or debris.32 The biliary dilation may persist even 
after treatment. Chronic infection by these flukes has 
been directly linked to cholangiocarcinoma and is pos-
tulated as a cause of recurrent pyogenic cholangitis. The 
imaging of O. felineus infestation has not been systemati-
cally described.

Recurrent Pyogenic Cholangitis

Recurrent pyogenic cholangitis has been known by other 
names, including hepatolithiasis and Oriental cholan-
giohepatitis. It is a disease characterized by chronic 
biliary obstruction, stasis, and stone formation, leading 
to recurrent episodes of acute pyogenic cholangitis. Its 
incidence is highest in Southeast and East Asia. It is rare 
and sporadic in other populations. Although liver fluke 
infections (especially C. sinensis), malnutrition, and 
portal bacteremia have all been implicated, the etiology 
of recurrent pyogenic cholangitis remains unknown.33 
Any segment of the liver may be affected, but the  
lateral segment of the left lobe is most often involved. 
Acute complications of the disease, namely sepsis, may 
be fatal and may need urgent percutaneous biliary 
decompression or surgery. The chronic stasis and inflam-
mation eventually leads to severe atrophy of the affected 
segment. Biliary cirrhosis and cholangiocarcinoma are 
long-term complications. The treatment of hepatolithia-
sis lies in repeated biliary dilation and stone removal.34

Ultrasound is often used for both screening and moni-
toring of pyogenic cholangitis.25 The typical appearance 
on sonography is dilated ducts filled with sludge and 
stones, confined to one or more segments of the liver 
(Figs. 6-19 and 6-20). Patients may also present with 
multiple echogenic masses in the liver, and recognizing 
that these, in fact, lie within extremely dilated ducts 
requires care. When dilated ducts are identified, their 
contents may be hypoechoic or echogenic, and the stones 
may not show shadowing. With severe atrophy of the 
affected segment, minimal liver parenchyma may be 
present, and the crowded, stone-filled ducts may appear 
as a single, heterogeneous mass.

Ascariasis

Ascaris lumbricoides is a parasitic roundworm estimated 
to infect up to one quarter of the world’s population. It 
uses a fecal-oral route of transmission and is most 
common in children, presumably because of their lower 
hygiene levels.35 The worm is generally 20 to 30 cm long 
and up to 6 mm in diameter. It is active within the small 
bowel and may enter the biliary tree retrogradely through 
the ampulla of Vater, causing acute biliary obstruction. 
Generally, infected patients are asymptomatic but may 
present with biliary colic, cholangitis, acalculous chole-
cystitis, or pancreatitis.

The appearance of biliary ascariasis on sonography 
depends on the number of worms within the bile ducts 
at the time of the study. Most often, a single worm is 
identified that appears as a tube or as parallel echogenic 
lines within the bile ducts. The appearance is similar to 
a biliary stent, which should be excluded on clinical 
history. On the transverse view, the rounded worm sur-
rounded by the duct wall gives a target appearance. The 
worm may be folded on itself or may occupy any portion 

FIGURE 6-16. Fasciola hepatica infection, acute 
(parenchymal) phase. Oblique image through the right 
lobe shows poorly defined hypoechoic lesions in the liver paren-
chyma. Patients often present with fever and pain. (Courtesy Dr. 
Adnan Kabaalioglu, Akdeniz University Hospital, Antalya, Turkey.)
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of the ductal system, including far into the liver paren-
chyma, close to the capsule, or within the gallbladder. 
Movement of the worm during the scan facilitates the 
diagnosis. When infestation is heavy, multiple worms 
may lie adjacent to each other within a distended duct, 
resembling spaghetti. Occasionally, the worms may 
appear as an amorphous, echogenic filling defect, making 
the diagnosis more difficult.35

HIV Cholangiopathy

Also known as AIDS cholangitis, HIV cholangiopathy 
is an inflammatory process affecting the biliary tree in 
the advanced stages of human immunodeficiency virus 

(HIV) infection (AIDS, acquired immunodeficiency 
syndrome). It is most often caused by an opportunistic 
infection and therefore occurs in patients with CD4 
counts of less than 100. Patients present with severe 
RUQ or epigastric pain, a nonicteric cholestatic picture, 
and greatly elevated serum ALP with a normal bilirubin 
level. In most patients a pathogen is recovered, usually 
Cryptosporidium or less often cytomegalovirus.36

Sonography has been advocated as the first imaging 
test for assessment of HIV cholangiopathy (Fig. 6-21). 
A negative scan effectively rules out the disease. The 
findings include the following:
• Bile duct wall thickening of the intrahepatic and 

extrahepatic biliary tree.
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FIGURE 6-17. Fasciola hepatica infection, chronic 
(biliary) phase. A, Transverse image of the left lobe shows a 
dilated left duct filled with echogenic material (arrow), represent-
ing the parasite and debris. B, Corresponding MRCP image shows 
the same dilated duct (arrow). C, Sagittal view of the gallbladder 
shows a flat, floating structure, which is the parasite. Detection of 
motion of the parasite is pathognomonic. Patients have few or no 
symptoms in the chronic phase of infection.
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FIGURE 6-18. Clonorchis sinensis infection. A, Trans-
verse view shows a peripherally dilated duct with no obstructive 
cause seen. A few other dilated peripheral ducts were noted else-
where in the liver (not shown). B, CT image of the same dilated 
duct. C, Transverse image through the right lobe shows a normal-
caliber, central right hepatic duct (arrowhead), a common finding. 
The few dilated ducts infer a light infestation.

A B

FIGURE 6-19. Segmental recurrent pyogenic cholangitis. A, Transverse sonogram, and B, CT scan, depict severe atrophy 
of segment 3 (arrows) around abnormal, stone-filled ducts.
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• Focal strictures and dilations identical to primary 
sclerosing cholangitis.

• Dilation of the CBD caused by an inflamed and 
stenosed papilla of Vater (papillary stenosis). The 
inflamed papilla itself may be seen as an echogenic 
nodule protruding into the distal duct.37

• Diffuse gallbladder wall thickening, seen much more 
often than in primary sclerosing cholangitis.38

Immune-Related Diseases of  
the Biliary Tree

Primary Biliary Cirrhosis and 
Autoimmune Cholangitis

Primary biliary cirrhosis and autoimmune cholangitis 
(also called autoimmune cholangiopathy) affect ducts 

that are too small to resolve by imaging. Only gross 
changes in the liver architecture resulting from biliary 
cirrhosis are detected. Biliary cirrhosis, resulting from 
any cause of chronic diffuse biliary obstruction, appears 
as diffusely enlarged liver unless the liver is end-stage.

Primary Sclerosing Cholangitis

Sclerosing cholangitis is a chronic inflammatory disease 
process affecting the biliary tree. If the etiology of the 
disease is unknown, the term primary sclerosing chol-
angitis is used.

Primary sclerosing cholangitis is a chronic disease 
affecting the entire biliary tree. The process involves a 
fibrosing inflammation of the small and large bile ducts, 
leading to biliary strictures and cholestasis and eventually 
biliary cirrhosis, portal hypertension, and hepatic 
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FIGURE 6-20. Recurrent pyogenic cholangitis. A, Axial MRCP view through the liver demonstrates greatly dilated biliary 
tree filled with stones. B, Transverse ultrasound image of the right lobe shows a large stone (asterisk) in the dilated right posterior duct, 
corresponding to abnormality on MRCP view (asterisk in A). C, Huge stone in the central duct (arrow) with marked posterior acoustic 
shadowing. D, Multiple small stones in the left lobe, which appear as a masslike, echogenic conglomerate on the sonogram. This is the 
most common appearance of recurrent pyogenic cholangitis, especially when accompanied by atrophy of the hepatic parenchyma.
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FIGURE 6-21. HIV cholangiopathy. A, Intrahepatic biliary tree. Note the thick rind of echogenic tissue (arrowheads) surrounding 
the central portal triads and causing irregular narrowing of the bile ducts. B, Common bile duct (CBD) is dilated, and its wall is minimally 
irregular. C, Papillary stenosis. The dilated CBD abruptly tapers in an echogenic, inflamed ampulla (arrowhead). D, Transverse view of 
ampulla (arrow), which is enlarged and echogenic, viewed in the caudal aspect of pancreatic head.

CAUSES OF SECONDARY SCLEROSING CHOLANGITIS

Modified from Narayanan Menon KV, Wiesner RH. Etiology and natural history of primary sclerosing cholangitis. J Hepatobiliary 
Pancreat Surg 1999;6:343-351.
*Primary sclerosing cholangitis not previously established.

IgG4-related sclerosing cholangitis
AIDS cholangiopathy
Bile duct neoplasm*
Biliary tract surgery, trauma
Choledocholithiasis
Congenital abnormalities of biliary tract

Ischemic stricturing of bile ducts
Toxic strictures related to intra-arterial infusion of 

floxuridine
Posttreatment for hydatid cyst
Primary sclerosing cholangitis

failure.39,40 It occurs more frequently in men, with 
median age of 39 years at diagnosis.35 About 80% of the 
patients have concomitant inflammatory bowel disease, 
typically ulcerative colitis, but this association occurs less 
often in a non-Western population. It may also occur 
with other autoimmune disorders or systemic sclerosing 
conditions, such as retroperitoneal fibrosis.33

Most patients diagnosed with primary sclerosing chol-
angitis are asymptomatic. Ultrasound is a key compo-
nent of the multimodality assessment of patients with 
this disease. The high spatial resolution of ultrasound 
allows for detection of minute early changes that can be 
missed with MRCP. Sonographic findings include irreg-
ular, circumferential bile duct wall thickening of varying 
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organs, which can be searched for during the scan; pan-
creatic involvement virtually makes the diagnosis. Many 
of the changes improve within weeks of commencement 
of steroid therapy.

Cholangiocarcinoma

Cholangiocarcinoma is an uncommon neoplasm that 
may arise from any portion of the biliary tree. Its inci-
dence varies geographically and is highest in populations 
with known risk factors. Overall incidence ranges from 
1 to 2 per 100,000 population in the United States, 2 to 
6 in other Western countries, 5.5 in Japan, and up to 80 
to 130 per 100,000 in northeastern Thailand, where the 
liver fluke Opisthorchis viverrini is endemic.42,43 The fre-
quency of cholangiocarcinomas increases with age, with 
the peak incidence in the eighth decade. Most cholangio-
carcinomas are sporadic, but several risk factors exist, 
usually related to chronic biliary stasis and inflammation. 
Primary sclerosing cholangitis is the most common risk 
factor for cholangiocarcinoma in the Western world; the 
lifetime risk of developing a clinically detectable cholan-
giocarcinoma in these patients is about 10%.44 The most 
common risk factors in other populations are recurrent 
biliary infections and stone disease.

Cholangiocarcinomas are classified based on the ana-
tomic location: intrahepatic, also called peripheral 
(~10%); hilar, also called Klatskin’s (~60%); and distal 
(~30%).45 Approximately 90% of cholangiocarcinomas 
are adenocarcinomas, with squamous carcinomas the 
next most common subtype.46 Macroscopically, cholan-
giocarcinomas are divided into three subtypes: scleros-
ing, nodular, and papillary; the first two subtypes 
frequently occur together. Nodular-sclerosing tumors, 
the most common subtype, appear as a firm mass sur-
rounding and narrowing the affected duct, with a nodular 
intraductal component. Most hilar cholangiocarcinomas 
are of the nodular-sclerosing variety. These tumors incite 
a prominent desmoplastic reaction and demonstrate a 
periductal, perineural, and lymphatic pattern of spread 
along the ducts, as well as subendothelial spread within 
the ducts. Papillary cholangiocarcinomas represent 
approximately 10% of these tumors and are most 
common in the distal CBD. Patients present with an 
intraductal polypoid mass that expands, rather than con-
stricts, the duct.45,47,48

The overall prognosis for cholangiocarcinoma is poor. 
In a large, single-center series, the 5-year survival rate  
for patients with intrahepatic, hilar, and distal cholan-
giocarcinoma was 23%, 6%, and 24%, respectively, and 
improved to only 44%, 11%, and 28% in patients who 
underwent resection.49

Intrahepatic Cholangiocarcinoma

Intrahepatic cholangiocarcinomas, also called peripheral 
cholangiocarcinomas, are the least common location 

degree, encroaching on and narrowing the lumen (Fig. 
6-11). Focal strictures and dilations of the bile ducts 
ensue. The extrahepatic disease is more easily visible. A 
high degree of suspicion and careful examination of the 
portal triads in all hepatic segments is required to detect 
intrahepatic ductal involvement. Irregularity of the 
thickened bile duct mucosa is a key feature that should 
be sought. An earlier study suggested false normal 
appearance of the intrahepatic bile ducts in 25% of 
patients.36 The gallbladder and cystic duct are involved 
in 15% to 20% of patients.37 Choledocholithiasis, once 
thought to exclude the disease, is now recognized as a 
complication and is more frequently seen in symptom-
atic patients.38 In more advanced cases, findings of cir-
rhosis are also present.

Cholangiocarcinoma develops in 7% to 30% of 
patients with primary sclerosing cholangitis and is par-
ticularly a difficult diagnosis to make in this setting.40 
Rapid progression of the disease or development of a 
visible mass is a clue to this complication. Hepatic trans-
plantation is required in the latter stages of the disease. 
Unfortunately, the disease may recur in the transplanted 
organ in 1% to 20% of patients.41

IgG4-Related Cholangitis

IgG4-related cholangitis is the biliary manifestation of 
multifocal systemic fibrosclerosis (MSF). The exact etiol-
ogy of the disease is unknown but is associated with eleva-
tion of serum immunoglobulin G and specifically IgG 
subtype 4 levels in a majority of patients. In the abdomen, 
the most commonly affected organ is the pancreas, result-
ing in autoimmune pancreatitis, followed by the biliary 
tree and gallbladder, the kidneys (interstitial nephritis), 
and the retroperitoneum (retroperitoneal fibrosis). A 
history of salivary or lactrimal gland disease is also 
common. The disease predominates in elederly patients 
and is more common in males. The disease tends to be 
steroid responsive, as opposed to primary sclerosing 
cholangitis. IgG4-related cholangitis affects both large 
and small ducts. There is a lymphoplasmacytic infiltrate 
about the ducts with associated fibrosis causing strictures; 
if untreated it can lead to cirrhosis. Given the similarity 
in imaging appearance to primary sclerosing cholangitis, 
it has until recently been mistaken for this disease.

There are no systematic studies comparing the cross-
sectional imaging appearance of IgG4-related cholangitis 
to primary sclerosing cholangitis. Several features help 
the differentiation or at least direct the referring clini-
cians to further investigations. In IgG4-related disease, 
the patient is usually older and the disease may spontane-
ously resolve or improve. In our experience, bile duct 
wall thickening can be much more pronounced than in 
PSC and can appear mass-like. Strictures are longer, but 
mucosal irregularity, which is an important feature  
of PSC, is difficult to appreciate. Many patients with 
IgG4-related cholangitis have involvement of other 
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tion, reportedly occurring in 31% of intrahepatic chol-
angiocarcinomas and only 2% of HCC.54,55 However, a 
metastasis to the liver may cause intrahepatic ductal 
obstruction and therefore may be indistinguishable.56

A more unusual manifestation of intrahepatic  
cholangiocarcinoma is a purely intraductal mass, called 
intraductal intrahepatic cholangiocarcinoma. These 
polypoid masses distend the affected ducts, often  
third-order or fourth-order branches, spreading within 
the duct and filling it with mucin. These tumors have a 
much better prognosis and are thought to be histologi-
cally separate from other intrahepatic cholangiocarcino-
mas, resembling papillary tumors of the extrahepatic  
bile ducts.53,57 The most common appearance of the 
intraductal intrahepatic cholangiocarcinoma is one or 
more polypoid masses confined to the bile ducts. Abun-
dant mucin production can greatly distend the affected 
lobar and distal ducts (Fig. 6-23). A less common form 
may present as a solid mass within a cystic structure, 

for cholangiocarcinomas, but they represent the second 
most common primary malignancy of the liver. They 
arise from the second-order or higher-order branches of 
the biliary tree within the liver parenchyma, and their 
histologic origin is different than that of extrahepatic 
ducts. The incidence of intrahepatic cholangiocarcino-
mas has been dramatically rising in the past two decades, 
in part because of the increase in numbers of patients 
with liver cirrhosis and long-term hepatitis C infection.50 
Hepatitis B also has recently been identified as a risk 
factor.51 These tumors are associated with a poor prog-
nosis because the mass is often unresectable.52,53

The most common manifestation of intrahepatic 
cholangiocarcinoma is a large hepatic mass. The sono-
graphic appearance is often that of a hypovascular solid 
mass with heterogeneous echotexture, and it may appear 
hypoechoic, isoechoic, or hyperechoic (Fig. 6-22). A clue 
to the differentiation from hepatocellular carcinoma 
(HCC) is a much higher incidence of ductal obstruc-
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FIGURE 6-22. Peripheral cholangiocarcinoma. A, Ultrasound, and B, T2-weighted MR, images depict a solid mass encasing 
the right hepatic vein. Differentiation from a metastasis is not possible by imaging.

A B

FIGURE 6-23. Intraductal papillary, mucin-producing tumor of bile ducts. A, Ultrasound, and B, MRCP, images 
show papillary tumor arising from the common hepatic duct (arrow) and causing diffuse ductal dilation due to excessive mucin 
production.
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graphy may be the only cross-sectional modality to assess 
the unmanipulated ducts. Most patients with hilar chol-
angiocarcinoma present for a sonographic evaluation 
with jaundice, pruritus, and elevated cholestatic liver 
parameters, or with vague symptoms and elevated serum 
ALP or γ-glutamyl transpeptidase levels.
Patterns of Tumor Growth. Hilar cholangiocarcino-
mas often begin in either the right or the left bile duct 
and extend both proximally into higher-order branches 
and distally into the CHD and contralateral bile ducts. 
The spread of tumor may be subendothelial, or within 
the peribiliary connective tissue, leading to obstruction 
or irregular ductal narrowing. The tumors also extend 
outside the ducts to involve adjacent portal vein and 
arteries. Chronic obstruction, especially if accompanied 
with portal vein involvement, leads to atrophy of the 
involved lobe. Nodal disease often begins in the porta 
hepatis and within the hepatoduodenal ligaments (local 
nodes) and extends to celiac, superior mesenteric, peri-
pancreatic, and posterior pancreatoduodenal stations 

representing tumor within an extremely distended  
duct that does not communicate with the biliary tree  
(Fig. 6-24).

Hilar Cholangiocarcinoma

The correct identification and staging of hilar cholangio-
carcinoma are challenging with all imaging modalities. 
This results from the tumor’s desmoplastic nature 
(causing fibrous tissue formation), its peribiliary and sub-
endothelial patterns of growth, and the complex anatomy 
of the porta hepatis, with structures lying just outside 
the liver and surrounded by connective tissue. Ultra-
sound plays an important role in both detection and 
staging of hilar cholangiocarcinomas because it is often 
the first modality used in assessment of these tumors. 
Furthermore, ultrasound is often performed before any 
biliary manipulation and stent placement. Because biliary 
intervention often significantly obscures the intraductal 
disease and causes secondary bile duct thickening, sono-
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FIGURE 6-24. Intraductal intrahepatic cholangiocarcinoma. A, Computed tomography scan, and B, ultrasound view, 
show a solid and cystic mass in the right lobe of the liver. C, Intraoperative sonogram demonstrates the mass to lie entirely within an 
extremely dilated duct. Low-grade cholangiocarcinoma was found at pathologic examination.
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(distant nodes).58 Metastases are usually to the liver and 
peritoneal surfaces.
Treatment and Staging. Curative treatment of cholan-
giocarcinoma requires surgical resection; the vast major-
ity of patients with unresectable disease die within 12 
months of diagnosis.45 The current surgical approach to 
patients with hilar cholangiocarcinoma is resection of the 
involved lobe with extensive hilar dissection to remove 
tumor extending to the contralateral lobe (extended 
lobectomy). A biliary-enteric anastomosis is created to 
allow bile drainage. Currently, no widely used staging 
systems accurately stratify patients based on surgical 
resectability. However, Jarnagin et al.58 proposed a 
system that allows for preoperative staging of hilar chol-
angiocarcinoma. Because a lobectomy is performed, the 
remaining liver parenchyma, its portal vein, hepatic 
artery, and at least some proximal length of its lobar bile 
duct (first-order branch of CHD) should ideally be free 
of disease. The main portal vein and proper hepatic 
artery should also ideally be disease free. The remaining 
liver should not have undergone significant atrophy 
because it may not be able to maintain hepatic function. 
Although regional nodes may be removed en bloc with 
the tumor, distant nodal disease precludes resection. 
Advancements in surgical techniques now allow biliary-
enteric anastomoses using second-order ducts and vessel 
resection with reconstruction; therefore criteria for 
resectability vary according to the age of the patient and 
local surgical preferences.

• Lobar atrophy
• Patency of main, right, and left portal veins
• Encasement of hepatic artery
• Local and distant adenopathy
• Presence of metastases

Dilation of the higher-order intrahepatic bile ducts 
with non-union of the right and left ducts is the classic 
appearance of hilar cholangiocarcinomas56 (Figs. 6-25 
and 6-26). When encountered, dilated ducts should be 
followed centrally toward the hepatic hilum to deter-
mine which order of branching (segmental ducts and 
higher or right/left hepatic ducts) is involved with tumor. 
Tumor extension into segmental ducts bilaterally pre-
cludes resection.

The obstructing tumor is not always visualized by 
sonography. Rates of sonographic detection of masses 
range from 21% to 87%, with more recent studies 
showing higher rates.59-61 When a mass is not directly 
visualized, its presence can be inferred based on the level 
of obstruction, although this often underestimates the 
tumor extent.62 Lobar atrophy leads to crowding of the 
dilated bile ducts and, if long-standing, a shift in the axis 
of the liver caused by hypertrophy of the contralateral 
side. The atrophy of the lobe is often accompanied by 
obliteration of its portal vein and precludes its resection. 
Differences in lobar echogenicity, caused by the 
varying degree of ductal and vascular obstruction between 
the two lobes, is an uncommon finding (Fig. 6-27).

The main, right, and left portal veins should all be 
examined with both gray-scale and color Doppler sonog-
raphy. Narrowing of the right or left portal veins leads 
to compensatory increased flow in the accompanying 
hepatic artery; when prominent arterial signal is noted 
on color Doppler, the portal venous flow should be care-
fully examined (Fig. 6-27). Tumor encasing, narrowing, 
or obliterating the main portal vein or the proper hepatic 
artery renders the tumor unresectable, unless en bloc 
resection of the vessels is contemplated. Detection of the 
extrahepatic tumor infiltration and early peritoneal 
metastases is difficult with sonography, and CT or  
MRI is recommended as an adjunct for preoperative 
assessment.
Assessment by Contrast-Enhanced Sonography. Some 
ultrasound contrast agents persist in the liver paren-
chyma after a brief intravascular phase. This postvascu-
lar, liver-specific phase of enhancement significantly 
increases the contrast difference between the liver paren-
chyma and invasive tumors that do not enhance. There-
fore the invasive component of cholangiocarcinoma—not 
seen in a significant minority of patients—becomes 
visible in most, if not all, cases62 (Fig. 6-28). The ability 
to visualize the invasive tumor directly also allows for 
improved performance of sonography in the staging of 
hilar cholangiocarcinomas.62 The liver-specific phase of 
enhancement results from contrast uptake by Kupffer 
cells and only occurs with some first- and second-gener-
ation contrast agents.63

CRITERIA FOR UNRESECTABLE HILAR 
CHOLANGIOCARCINOMA

Hepatic duct involvement up to secondary biliary 
radicles bilaterally

Encasement or occlusion of the main portal vein 
proximal to its bifurcation

Atrophy of one hepatic lobe with encasement of 
contralateral portal vein branch

Atrophy of one hepatic lobe with contralateral 
involvement of secondary biliary radicles

Distant metastases (peritoneum, liver, and lung)

From Jarnagin WR. Cholangiocarcinoma of the 
extrahepatic bile ducts. Semin Surg Oncol 
2000;19:156-176.

Assessment by Conventional and Doppler Sonogra-
phy. An accurate assessment of hilar cholangiocarci-
noma requires diligent, hands-on involvement by the 
responsible physician. The use of various views and 
patient positions as well as familiarity with biliary 
anatomy and common variants significantly improves 
sonographic performance. Once dilated intrahepatic 
ducts have been detected, the following parameters 
should be assessed:
• Level of the obstruction
• Presence of a mass
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FIGURE 6-25 Resectable hilar cholangiocarcinoma. A, Sagittal image of the right lobe shows an invasive central echogenic 
tumor with segmental dilation of the ducts of segments 8 and 5, indicating second-order branch involvement. B, Transverse view of the 
central left lobe shows the tumor (asterisk) obstructing the distal left hepatic duct (arrow) and an aberrant segment 4 duct (arrowhead). 
C, Coronal T2-weighted MR image confirms the ultrasound findings of the central tumor obstructing the left hepatic (arrow) and aber-
rant segment 4 ducts (arrowhead). D, Transverse image of the porta hepatis depicts the tumor (asterisk) narrowing the right portal vein 
and displacing branches of the right hepatic artery (arrow). E, Doppler image (same plane as D) confirms the right hepatic artery involve-
ment. F, Corresponding CT image in the arterial phase also shows intimate contact of tumor (asterisk) with right hepatic artery branches 
(arrow). The tumor did not extend deep into the left lobe, and the main and left hepatic arteries and portal vein were not involved; 
therefore the patient underwent an extended right-sided hepatectomy.
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with a distal obstructive mass with identical appearance 
to pancreatic adenocarcinoma. The status of the adjacent 
vascular structures must be determined, including portal 
and superior mesenteric veins and common hepatic 
artery. Spread to lymph nodes adjacent to the tumor is 
common. Spread to more distant nodes, such as celiac, 
superior mesenteric, and periportal regions may preclude 
resection.45 Surgical approach to a distal cholangiocarci-
noma is a pancreaticoduodenectomy.

On sonography the distal cholangiocarcinoma has a 
variable appearance. A polypoid tumor appears as a 
duct-expanding, well-defined intraductal mass, often  
with no internal vascularity (Fig. 6-29). The nodular-

Distal Cholangiocarcinoma

Distal cholangiocarcinomas are clinically indistinguish-
able from the hilar forms, with progressive jaundice seen 
in 75% to 90% of patients.45 Although the nodular-
sclerosing subtype still predominates, polypoid masses 
are seen more frequently. Surgical resection is the most 
effective therapy, so a careful search for spread that would 
preclude resection is vital. The tumor may locally extend 
cranially within the ducts, even involving the cystic and 
right and left hepatic ducts; therefore the superior extent 
of the tumor must be clearly defined. The tumor may 
also extend beyond the duct walls. Patients may present 
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FIGURE 6-26. Unresectable hilar cholangiocarcinoma. A, Dilated right-sided and left-sided intrahepatic ducts with non-
union centrally, as seen here, are hallmarks of hilar cholangiocarcinoma. Determination of the level of obstruction is key in assessing 
resectability. B, In right lobe view, the right anterior and posterior ducts (arrowheads) approach each other, but never join to form the 
right hepatic duct. C, In left lobe view, second-order and third-order branches end abruptly, blocked by tumor. Because the tumor com-
pletely involves the first-order branches (right and left hepatic ducts) bilaterally, it is unresectable. D, Tumor also encases and narrows the 
left portal vein.
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FIGURE 6-27. Secondary findings in hilar cholangiocarcinoma. A, Difference in lobar echogenicity. The right lobe of 
the liver is demarcated from the left by its increased echogenicity. The right biliary system was obstructed by tumor centrally.  
B, Compensatory increased flow in hepatic arteries. Enlarged hepatic arterial branches (arrows) on either side of the ascending branch 
of the left portal vein are clearly seen, whereas no flow is noted in the portal vein. This finding suggests severe stenosis or obstruction of 
the portal vein. C and D, Lobar atrophy. Marked atrophy of the right lobe with compensatory hypertrophy of the left lobe. Asterisks, 
Enlarged medial segment of the left lobe. E and F, Lobar atrophy. Marked atrophy of the left lobe of the liver. Besides the small size, 
widening of the fissure for ligamentum venosum (arrows) and concave liver margins are secondary clues. F, Axial SSFSE T2-weighted MR 
image shows the same.
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FIGURE 6-28. Cholangiocarcinoma: conventional versus contrast evaluation. A, Routine gray-scale image demon-
strates dilated ducts terminating abruptly. The tumor is not visible. B, Levovist-enhanced image obtained in the postvascular phase clearly 
depicts the margins of the unenhancing tumor.
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The gallbladder derives as an outpouching from the 
embryonic biliary tree. The proximal portion of the 
pouch forms the cystic duct, and the distal portion forms 
the gallbladder. Within the cystic duct (and sometimes 
the gallbladder neck) are small mucosal folds called the 
spiral valves of Heister; these are occasionally identified 
on sonography. During its initial development, the gall-
bladder lies in an intrahepatic position, but as it migrates 
to the surface of the liver, it acquires a peritoneal cover-
ing (part of liver capsule) over 50% to 70% of its 
surface.10 The remainder of the gallbladder surface is 
covered with adventitial tissue that merges with connec-
tive tissue in contiguity with the liver. In generalized 
edematous processes or local inflammation, this poten-
tial space between the gallbladder and liver is a common 
area for edema. Failure to migrate may lead to an intra-
hepatic gallbladder (or partially intrahepatic), a rare but 
significant finding that may preclude laparoscopic 
surgery65 (Fig. 6-32). Conversely, the gallbladder may 
become fully enveloped in visceral peritoneum, hanging 
from a mesentery that extends from the liver. This leads 
to increased mobility of the gallbladder and appears to 
be a risk factor in the rare development of torsion (vol-
vulus) of the gallbladder.66

Failure to identify the gallbladder on sonographic 
examination most often results from a previous chole-
cystectomy. Occasionally, chronic cholecystitis leading 
to a collapsed and fibrosed gallbladder makes its detec-
tion difficult. Agenesis of the gallbladder is rare, occur-
ring in up to 0.09% of the population.67 Although most 
often incidental, dilation of the bile duct and choledo-
cholithiasis may occur with gallbladder agenesis, leading 
to attempted cholecystectomy in some patients. In most 
cases the cystic duct is also absent. The lack of visualiza-
tion of the gallbladder on sonography in symptomatic 

sclerosing tumor causes focal irregular ductal constriction 
and duct wall thickening. In more advanced disease the 
tumor appears as a hypoechoic, hypovascular mass with 
poorly defined margins invading adjacent structures.

Metastases to Biliary Tree

Metastases to the biliary tree mimic the varied appear-
ance of cholangiocarcinoma, affecting both the intrahe-
patic and extrahepatic ducts (Fig. 6-30). The history 
of past or concurrent malignancy along with multiple 
lesions should suggest metastases. In our experience  
the breast, colon, and skin (melanoma) constitute the 
primary sites of malignancy.

THE GALLBLADDER

Anatomy and Normal Variants

The gallbladder is a pear-shaped organ lying in the  
inferior margin of the liver, between the right and left 
lobes (Fig. 6-31). The middle hepatic vein lies in the 
same anatomic plane and may be used to help find the 
gallbladder fossa. The interlobar fissure, the third 
structure separating the two hepatic lobes, extends from 
the origin of the right portal vein to the gallbladder fossa. 
This fissure has been seen in up to 70% of hepatic ultra-
sound studies64 and may also be used as a landmark for 
the gallbladder fossa. The gallbladder is divided into the 
fundus, body, and neck; the fundus is the most anterior, 
and often inferior, segment. In the region of the gall-
bladder neck, there may be an infundibulum, called 
Hartmann’s pouch, which is a common location for 
impaction of gallstones.10

FIGURE 6-29. Distal cholangiocarcinoma. Polypoid solid intraductal mass (arrows) within the distal common bile duct, causing 
ductal obstruction.
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patients warrants CT or MRCP to avoid an unnecessary 
surgical procedure. The gallbladder may also lie in 
ectopic positions, including suprahepatic, suprarenal, 
within the anterior abdominal wall, or in the falciform 
ligament.10

The gallbladder may fold unto itself, the body onto 
the neck, or the fundus onto the body. The latter is 
called a phrygian cap and has no clinical significance. A 
septate gallbladder is composed of two or more inter-
communicating compartments divided by thin septa.10 
This is distinguished from the hourglass gallbladder (see 
Adenomyomatosis), which has thick septa separating the 
components. Duplication of the gallbladder often 

A

C

B

D

FIGURE 6-30. Metastases to the biliary tree: spectrum of appearances. A, Entirely intraductal echogenic mass 
obstructing left lobe of liver. B, Periductal/duct wall infiltration (arrowheads) with obliteration of the left hepatic duct. C, Poorly defined 
hilar tumor with ductal obstruction. D, Echogenic intraductal tumor (arrow) within the extrahepatic ducts. In all cases, tumor mimics 
cholangiocarcinoma. The diagnosis in all four images was metastatic breast carcinoma.

CAUSES OF SONOGRAPHIC 
NONVISUALIZATION  
OF GALLBLADDER

Previous cholecystectomy
Physiologic contraction
Fibrosed gallbladder duct—chronic cholecystitis
Air-filled gallbladder or emphysematous 

cholecystitis
Tumefactive sludge
Agenesis of gallbladder
Ectopic location
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FIGURE 6-31. Normal gallbladder showing a thin fold.

FIGURE 6-32. Intrahepatic gallbladder. A, Sagittal, 
and B, transverse, images through the liver depict a complete rim 
of liver tissue surrounding the gallbladder. There is extensive cho-
lelithiasis. C, Sagittal CT cholangiogram image shows contrast 
within the gallbladder (arrow) with multiple stones. The patient 
had situs ambiguus with intrahepatic gallbladder and repeat bouts 
of cholecystitis.
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occurs with duplication of the cystic duct and may be 
diagnosed prenatally. Variations of the cystic duct are 
discussed in the section on anatomy of the biliary tree.

The gallbladder derives its blood supply from the 
cystic artery, which arises from the right hepatic artery, 
or less often from the gastroduodenal artery. In acute 
cholecystitis an enlarged, prominent cystic artery may be 
identified on sonography.

Sonographic Technique

Evaluation of the gallbladder is usually performed with 
routine sagittal and transverse sonograms. If the gallblad-
der is not visualized, however, maneuvers to evaluate the 
gallbladder fossa are essential to avoid missing gallblad-
der pathology. This is done primarily with subcostal 
oblique sonograms, performed with the left edge of the 
transducer more cephalad than the right edge. The face 
of the transducer is directed toward the right shoulder. 
A sweep from cephalad to caudad shows the middle 
hepatic vein superiorly and the gallbladder fossa inferi-
orly in a single plane. They form the anatomic boundary 
separating the right and left liver lobes. The fossa runs 
from the anterior surface of the right portal vein obliquely 
to the surface of the liver. It may have a variable appear-
ance, mainly influenced by the state of the gallbladder, 
and after gallbladder removal the fossa appears as an 
echogenic line as a result of the remaining connective 
tissues.

Ingestion of food, particularly fatty food, stimulates 
the gallbladder to contract. The contracted gallbladder 
appears thick walled and may obscure luminal or wall 
abnormalities. Therefore the examination of the gall-

bladder should be performed after a minimum of 4 hours 
of fasting.

Gallstone Disease

Gallstone disease is common worldwide. The prevalence 
of gallstones is highest in the European and North Amer-
ican populations (~10%) and lowest in the East Asian 
(~4%) and sub-Saharan African (2%-5%) populations.68 
Common risk factors are increasing age, female gender 
(but not in Asian populations), fecundity, obesity, dia-
betes, and pregnancy. Although most patients are asymp-
tomatic, about one in five develops a complication, often 
biliary colic. The risk of acute cholecystitis or other 
serious complications of gallstones in patients with a 
history of biliary colic is about 1% to 2% per year.69

Sonography is highly sensitive in the detection of 
stones within the gallbladder. The varying size and 
number of stones within the gallbladder lead to a variable 
appearance on sonography (Fig. 6-33, A). The large dif-
ference in the acoustic impedance of stones and adjacent 
bile makes them highly reflective, which results in an 
echogenic appearance with strong posterior acoustic 
shadowing. Small stones (<5 mm) may not show shad-
owing but will still appear echogenic. Mobility is a key 
feature of stones, allowing differentiation from polyps  
or other entities. Various maneuvers may be used to 
demonstrate mobility of a stone; scanning with the 
patient in the right or left lateral decubitus or upright 
standing position may allow the stone to roll within the 
gallbladder.

Multiple stones may appear as one large stone, pro-
ducing uniform acoustic shadowing. When the gallblad-

A B

FIGURE 6-33. Gallbladder stones. A, Sagittal image shows multiple dependent stones appearing as echogenic foci with posterior 
acoustic shadowing. B, “Wall-echo-shadow complex” in a gallbladder filled with stones. Gallbladder wall (arrow) is thin.



Chapter 6 ■ The Biliary Tree and Gallbladder  201

study, over a 3-year period, about 50% of cases resolved 
spontaneously, 20% persisted asymptomatically, 5% to 
15% developed gallstones, and 10% to 15% became 
symptomatic.71 The complications of biliary sludge are 
stone formation, biliary colic, acalculous cholecystitis, 
and pancreatitis.

The sonographic appearance of sludge is that of amor-
phous, low-level echoes within the gallbladder in a 
dependent position, with no acoustic shadowing. With 
a change in patient position, sludge may slowly resettle 
in the most dependent location. In fasting, critically ill 
patients, sludge may be present in large quantities and 
completely fill the gallbladder. Sludge may mimic pol-
ypoid tumors, called tumefactive sludge (Fig. 6-35). 
Lack of internal vascularity, potential mobility of the 
sludge, and a normal gallbladder wall are all clues to the 
presence of sludge. When doubts persist, lack of contrast 
enhancement on ultrasound, CT, or MRI allows conser-
vative management. Occasionally, sludge has the same 
echotexture as the liver, camouflaging the gallbladder; 
called hepatization of the gallbladder, this may be easily 
recognized by identifying the normal gallbladder wall.

Acute Cholecystitis

Acute cholecystitis is a relatively common disease, 
accounting for 5% of the patients presenting to the 
emergency department with abdominal pain and 3% to 
9% of hospital admissions.72 It is caused by gallstones in 
more than 90% of patients.73 Impaction of the stones in 
the cystic duct or the gallbladder neck results in obstruc-
tion, with luminal distention, ischemia, superinfection, 
and eventually necrosis of the gallbladder. In the under-
50 age group, women are affected three times more often 

der is filled with small stones or a single giant stone, the 
gallbladder fossa will appear as an echogenic line with 
posterior shadowing. This can be differentiated from air 
or calcification in the gallbladder wall by analysis of the 
echoes. With stones the gallbladder wall is first visualized 
in the near field, followed by the bright echo of the 
stone, followed by the acoustic shadowing, called the 
wall-echo-shadow (WES) complex (Fig. 6-33, B). 
When air or calcification is present, the normal gallblad-
der wall is not seen, and only the bright echo and the 
posterior dirty shadowing are seen.

Milk of calcium bile, also known as limey bile, is a 
rare condition in which the gallbladder becomes filled 
with a pasty, semisolid substance of mainly calcium car-
bonate.70 It is often associated with gallbladder stasis and 
rarely may cause acute cholecystitis or migrate into the 
bile ducts. The appearance on sonography is highly 
echogenic material with posterior acoustic shadowing, 
forming a bile calcium level on various patient positions 
(Fig. 6-34).

Biliary Sludge

Biliary sludge, also known as biliary sand or micro-
lithiasis, is defined as a mixture of particulate matter 
and bile that occurs when solutes in bile precipitate. Its 
existence was first recognized with the advent of sono-
graphy. The exact prevalence of sludge is unknown in 
the general population because most studies have exam-
ined high-risk populations. The predisposing factors in 
development of sludge are pregnancy, rapid weight loss, 
prolonged fasting, critical illness, long-term total paren-
teral nutrition (TPN), ceftriaxone or prolonged octreo-
tide therapy, and bone marrow transplantation. In one 

A B

FIGURE 6-34. Milk of calcium bile. A, Sonogram, and B, corresponding CT scan, show a bile calcium level.
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Although less accurate than sonography in the diagnosis 
of acute cholecystitis, CT may be useful for depiction of 
complications.75 Sonographic findings include the fol-
lowing76 (Table 6-1):
• Thickening of the gallbladder wall (>3 mm)
• Distention of the gallbladder lumen (diameter 

>4 cm)
• Gallstones
• Impacted stone in cystic duct or gallbladder neck
• Pericholecystic fluid collections
• Positive sonographic Murphy’s sign
• Hyperemic gallbladder wall on Doppler 

interrogation

than men, although incidence of acute cholecystitis is 
similar in older age groups.69 Clinically, patients present 
with a prolonged, constant RUQ or epigastric pain  
associated with RUQ tenderness. Fever, leukocytosis, 
and increased serum ALP and bilirubin levels may be 
present.

Sonography is currently the most practical and  
accurate method to diagnose acute cholecystitis (Figs. 
6-36 and 6-37). When adjusted for verification bias, 
sensitivity and specificity of ultrasound are approxi-
mately 88% and 80%, respectively.74 Cholescintigraphy 
uses ionizing radiation, cannot be performed at the 
bedside, and also has a significant false-positive rate. 
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FIGURE 6-35. Tumefactive sludge in three patients. A, Sagittal sonogram shows gallbladder filled with tumorlike sludge. 
B, Transverse image shows a polypoid appearance of sludge on the dependent gallbladder wall, with stones along its margin. C, Sagittal, 
and D, subcostal oblique, sonograms of the same patient show “hepatization” of the gallbladder, with internal echoes mimicking the 
normal liver parenchyma. In all three patients the gallbladder wall was normal. There was no vascularity detected from the tumefactive 
sludge.
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A sonographic Murphy’s sign is maximal tenderness 
over the gallbladder when the probe is used to compress 
the right upper quadrant. It is often better elicited with 
deep inspiration, which displaces the gallbladder fundus 
below the costal margin, allowing for direct compression. 
Sonographic Murphy’s sign may be absent in elderly 
patients, if analgesics were taken before the study, or 
when prolonged inflammation has led to gangrenous 
cholecystitis. Hyperemia in the gallbladder wall and a 
prominent cystic artery are relatively specific findings 
in acute cholecystitis (see Fig. 6-36, D). Power Doppler 
has been shown to be superior to color Doppler in  

Gallbladder wall thickening has many causes. The 
appearance of the gallbladder wall in acute cholecystitis 
is nonspecific, but marked thickening of the wall with 
visible stratification, as seen in generalized edematous 
states, is usually not present (Fig. 6-38). Multiple focal, 
noncontiguous, hypoechoic pockets of edema fluid 
within the thickened wall are typically observed. The 
inflamed gallbladder is often significantly distended, 
unless its wall is perforated. Gallstones, including the 
obstructing stone, and sludge are usually identified. A 
thin rim of fluid, representing edema, is often seen 
around much of the organ.

A B

C D

FIGURE 6-36. Acute cholecystitis. Classic acute cholecystitis in a young woman with a negative Murphy’s sign who had received 
narcotic analgesics. A, Sagittal, and B, transverse, images show a tense gallbladder, wall thickening, fluid-debris level, and an obstructing 
stone in the gallbladder neck. C, Color Doppler image shows a large cystic artery. D, Transverse power Doppler image shows pockets of 
edema fluid within the thickened, hyperemic wall. (From Wilson SR. Gastrointestinal disease. 6th series. Test and syllabus. Reston, Va, 2004, 
American College of Radiology.)
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limits the qualitative assessment of gallbladder wall hyper-
emia. We rely heavily on the morphologic changes in the 
gallbladder for the diagnosis of acute cholecystitis but 
find Doppler ultrasound useful in some equivocal cases.

Although none of the signs just described is path-
ognomonic of acute cholecystitis, the combination of 

detecting such hyperemia.77 Hyperemia is only qualita-
tively assessed, however, and motion artifact somewhat 
limits the utility of power Doppler. The latest generation 
of sonography equipment has highly sensitive Doppler 
techniques, and detection of flow in the cystic artery of 
a normal gallbladder is common. In our experience this 
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FIGURE 6-37. Acute cholecystitis: spectrum of appearances. A to C, Uncomplicated acute cholecystitis. A, Classic 
appearance with gallbladder distention, mild wall thickening, and gallstones. B, Acute cholecystitis. More advanced classic changes with 
a thicker wall and a larger lumen. There are multiple dependent stones. C, Distended gallbladder filled with sludge. After careful scrutiny, 
a stone (arrow) was detected in the cystic duct. D, Gangrenous cholecystitis. Sloughed membrane (arrow) appearing as a linear intralu-
minal echo. E, Perforation, shown as disruption of the gallbladder wall (arrows). F, Pericholecystic inflammatory change. There is 
echogenic inflamed fat (arrow) and an abscess (A). The gallbladder remains large and tense. G to I, Emphysematous cholecystitis. 
G, Sagittal sonogram of the gallbladder with a focus of intraluminal air appearing as a bright echogenic focus (arrow) with dirty shadow-
ing. H, Gallbladder that is filled with air (arrow). The gallbladder is not actually visualized, and knowledge of the location of the gallbladder 
fossa is essential to avoid mistaking this for bowel gas. I, Corresponding CT scan shows air in the gallbladder wall and lumen. (F courtesy 
Dr. A.E. Hanbidge, University of Toronto.)
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symptoms are indistinguishable from gangrenous chole-
cystitis, and only occasionally does the patient experience 
a gastrointestinal bleed.

Perforated Gallbladder

Perforation of the gallbladder occurs in 5% to 10% of 
patients with acute cholecystitis, generally in cases of 
prolonged inflammation.69 The focus of perforation, 
seen as a small defect or rent in the wall of the gallblad-
der, is often visible (see Fig. 6-37, E). Clues to perfora-
tion are the deflation of the gallbladder, with loss of its 
normal gourdlike shape, and a pericholecystic fluid col-
lection. The latter is often a small fluid collection around 
the wall defect, unlike the thin rim of fluid around the 
entire organ in uncomplicated cholecystitis.79 The col-
lection may have internal strands typical of abscesses 
elsewhere (see Fig. 6-37, F). Perforation of the gallblad-
der may extend into the adjacent liver parenchyma, 
forming an abscess collection. The presence of a cystic 
liver lesion around the gallbladder fossa should suggest 
a pericholecystic abscess.

Emphysematous Cholecystitis

Emphysematous cholecystitis represents fewer than 1% 
of all cases of acute cholecystitis, but it is rapidly progres-
sive and fatal in approximately 15% of patients. Emphy-
sematous cholecystitis differs from acute cholecystitis  

multiple findings should lead to the correct diagnosis. 
Some patients with acute cholecystitis may not show 
classic findings, making diagnosis challenging. This 
occurs in patients with mild inflammation but occurs 
more often in patients hospitalized for other reasons, not 
receiving an oral diet, and unable to communicate symp-
toms. A distended gallbladder in these patients should 
trigger a high index of suspicion, and careful RUQ scan-
ning is recommended. Perforated duodenal ulcer, acute 
hepatitis, pancreatitis, colitis or diverticulitis, and even 
pyelonephritis can demonstrate a Murphy’s sign and 
sympathetic gallbladder wall thickening (Fig. 6-39). 
Absence of a distended gallbladder and gallstones is often 
a clue to the nonbiliary origin of the cholecystic process.

Gangrenous Cholecystitis

When acute cholecystitis is especially severe or prolonged, 
the gallbladder may undergo necrosis. Sonographic find-
ings of gangrenous cholecystitis include nonlayering 
bands of echogenic tissue within the lumen representing 
sloughed membranes and blood (see Fig. 6-37, D). The 
gallbladder wall also becomes irregular, with small col-
lections within the wall that may represent abscesses or 
hemorrhage.69 Murphy’s sign is absent in two thirds of 
patients,78 presumably because of necrosis of the nerve 
supply to the gallbladder. Hemorrhagic cholecystitis 
represents a rare gangrenous process marked by bleeding 
within the gallbladder wall and lumen. The clinical 

TABLE 6-1. ACUTE CALCULOUS 
CHOLECYSTITIS: PATHOLOGIC-
SONOGRAPHIC CORRELATION

PATHOPHYSIOLOGY
SONOGRAPHIC 
APPEARANCE

Obstruction of cystic duct or 
neck of gallbladder

Stones in gallbladder, possibly in 
neck or cystic duct

Continued secretions Gallbladder distention

Inflammatory cell infiltration
and
Gallbladder wall edema

Thickening of gallbladder wall
Gallbladder wall often striated 

with pockets of edema fluid
Positive sonographic Murphy’s 

sign (>90%)
Hypervascularity Hyperemia of gallbladder wall

Gallbladder stasis with 
bacterial overgrowth by  
72 hours

Biliary sludge

Empyema of gallbladder Heterogeneous luminal contents 
of variable echogenicity with 
layering

Increased pressure in 
gallbladder lumen and 
wall

Sloughed membranes; 
hypovascularity

Gangrene Loss of Murphy’s sign

Perforation Loss of gourd shape; collection in 
or adjacent to gallbladder fossa

CAUSES OF GALLBLADDER  
WALL THICKENING

GENERALIZED EDEMATOUS STATES
Congestive heart failure
Renal failure
End-stage cirrhosis
Hypoalbuminemia

INFLAMMATORY CONDITIONS
Primary

Acute cholecystitis
Cholangitis
Chronic cholecystitis

Secondary
Acute hepatitis
Perforated duodenal ulcer
Pancreatitis
Diverticulitis/colitis

NEOPLASTIC CONDITIONS
Gallbladder adenocarcinoma
Metastases

MISCELLANEOUS
Adenomyomatosis
Mural varicosities
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or reverberation artifact (ringdown artifact). Large 
amounts of gas can be more difficult to appreciate. The 
absence of a normal gallbladder is a clue. A bright,  
echogenic line with posterior dirty shadowing is seen 
within the entire gallbladder fossa. Movement of gas 
bubbles is a helpful finding and may be precipitated by 
compression of the gallbladder fossa. Pneumobilia may 
also be seen.80

Acalculous Cholecystitis

Acalculous cholecystitis may occur in patients with no 
risk factors but is more common in critically ill patients, 
who thus have a worse prognosis. Risk factors include 

in several ways. It is three to seven times more common 
in men than women; about half of patients have  
diabetes; and one third to one half have no gallstones.69,80 
The gas is produced by gas-forming bacteria, presumably 
after an ischemic event affecting the gallbladder.80 
These patients have a much higher incidence of gallblad-
der perforation than those with typical acute cholecysti-
tis, and urgent surgical treatment is advocated for all 
patients.

The appearance of emphysematous cholecystitis on 
sonography depends on the amount of gas present (see 
Fig. 6-37, G-I). The gas is often both within the lumen 
and the wall of the gallbladder. Small amounts of gas 
appear as echogenic lines, with posterior dirty shadowing 
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FIGURE 6-38. Systemic causes of gallbladder wall edema. A, Sagittal, and B, transverse, images of hypoalbuminemia 
show marked thickening of the gallbladder wall with a small lumen. C, Sagittal image of the gallbladder in a patient with cirrhosis dem-
onstrating similar changes to those in A and B. D, Patient with congestive heart failure, no pain, and negative Murphy’s sign has marked 
gallbladder wall thickening and incidental gallstones.



Chapter 6 ■ The Biliary Tree and Gallbladder  207

present in critically ill patients without cholecystitis.82 
Patients may be obtunded or receiving analgesics, reduc-
ing the sensitivity of Murphy’s sign. The combination 
of findings suggests the diagnosis; the more signs present, 
the greater is the likelihood of cholecystitis.83 Neverthe-
less, cholescintigraphy or percutaneous sampling of the 
luminal contents should be used more liberally to assist 
in the diagnosis.

major surgery, severe trauma, sepsis, TPN, diabetes, ath-
erosclerotic disease, and HIV infection.73 In nonhospi-
talized patients, it is more common in elderly male 
patients with atherosclerotic disease,81 who have a much 
better prognosis.

The diagnosis of acalculous cholecystitis can be diffi-
cult because gallbladder distention, wall thickening, 
internal sludge, and pericholecystic fluid may all be 
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FIGURE 6-39. Sympathetic thickening of the gallbladder wall in three patients with positive sonographic 
Murphy’s sign. A to C, Acute hepatitis. A and B, Views of the gallbladder show marked circumferential thickening of the gallbladder 
wall. The lumen is not distended. C, Left lobe of the liver shows periportal cuffing. D to F, Perforation of a duodenal ulcer. D and E, 
Asymmetrical, marked thickening of the gallbladder wall. F, Free intraperitoneal air. The peritoneal line in the epigastrium (arrow) marks 
a focus of increased brightness (enhancement) with posterior dirty shadowing. G to I, Acute pyelonephritis. G and H, Asymmetrical 
thickening of the gallbladder wall. I, CT scan shows striated nephrogram (arrow). (D, E, and F courtesy Dr. A.E. Hanbidge, University of 
Toronto.)
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Porcelain Gallbladder

Calcification of the gallbladder wall is termed “porce-
lain” gallbladder. Its cause is unknown, but it occurs in 
association with gallstone disease and may represent a 
form of chronic cholecystitis. This rare entity is seen in 
up to 0.8% of cholecystectomy specimens, with a female 
predominance and most often found in the sixth decade 
of life.87 Two large studies disputed a high incidence of 
gallbladder carcinoma in porcelain gallbladder, suggest-
ing the coincidental occurrence of the two entities in 0% 
to 7% of patients.88,89 Nevertheless, prophylactic resec-
tion is advised.86

The degree and pattern of calcification determines the 
sonographic appearance (Fig. 6-40). When the entire 
gallbladder wall is thickly calcified, a hyperechoic semi-
lunar line with dense posterior acoustic shadowing is 
noted. Mild calcification appears as an echogenic line 
with variable degrees of posterior acoustic shadowing. 
The luminal contents may be visible. Interrupted clumps 
of calcium appears as echogenic foci with posterior shad-
owing.69 Differential diagnosis includes gallstones and 
emphysematous cholecystitis. Because the calcifications 
occur in the wall of the gallbladder, the WES complex 
is absent (see Gallstone Disease).

Adenomyomatosis (Adenomatous 
Hyperplasia)

Gallbladder adenomyomatosis is a benign condition 
caused by exaggeration of the normal invaginations of 
the luminal epithelium (Rokitansky-Aschoff sinuses) 
with associated smooth muscle proliferation (Fig. 6-41). 
The affected areas demonstrate thickening of the gall-
bladder wall with internal cystic spaces, the key to the 

Torsion (Volvulus) of Gallbladder

Gallbladder torsion is a rare, acute entity. Patients 
present with symptoms of acute cholecystitis. Volvulus 
is often seen in elderly women and may be related to a 
mobile gallbladder with a long suspensory mesentery. 
The hallmarks on imaging are a massively distended and 
inflamed gallbladder lying in an unusual horizontal posi-
tion, with its long axis oriented in a left-to-right direc-
tion. A twist of the cystic artery and cystic duct may be 
visible. If the torsion is greater than 180 degrees, gan-
grene of the gallbladder ensues; otherwise, obstruction 
of the cystic duct and acute cholecystitis occur. In either 
case, treatment is usually surgical.84

Chronic Cholecystitis

Chronic cholecystitis is associated with the mere pres-
ence of gallstones; therefore patients are usually asymp-
tomatic and have mild disease. Chronic cholecystitis has 
the same incidence and risk factors as gallstone disease. 
More advanced cases involve wall thickening and fibro-
sis, appearing on sonographic examination as a thick-
walled gallbladder with gallstones. Differentiation from 
acute cholecystitis is made by the absence of other  
signs, namely, gallbladder distention, Murphy’s sign, 
and hyperemia in the wall.85 Bouts of acute cholecystitis 
may complicate chronic cholecystitis.

Xanthogranulomatous cholecystitis is a rare form of 
chronic cholecystitis in which collections of lipid-laden 
macrophages occur within grayish yellow nodules or 
streaks in the gallbladder wall. In addition to gallstones, 
hypoechoic nodules or bands within the thickened  
wall, representing the lipid-laden xanthogranulomatous 
nodules, may suggest the diagnosis.86

A B

FIGURE 6-40. Porcelain gallbladder. A, Sonogram; B, corresponding CT scan. On ultrasound, this appearance could be mistaken 
for a stone within the gallbladder lumen. There is, however, no gallbladder wall superficial to the echogenic focus.
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A B

FIGURE 6-41. Segmental adenomyomatosis. A, Fundal adenomyoma. B, Hourglass adenomyomatosis. In both cases, note 
the constricted contour of the gallbladder and thickening of the wall with hypertrophy of the smooth muscle. On sonography, the exag-
gerated Rokitansky-Aschoff sinuses may appear as cystic spaces or as echogenic foci with comet-tail artifact, possibly caused by cholesterol 
crystals (depicted here as yellow particles) lodged in them.

radiologic diagnosis. The great majority of adenomyo-
matoses are asymptomatic.90

Adenomyomatosis may be focal or diffuse. The most 
common appearance on sonography is tiny, echogenic 
foci in the gallbladder wall that create comet-tail arti-
facts, presumably caused by either the cystic space itself 
or the internal debris (Fig. 6-42). Prominent masslike 
focal areas of adenomyomatosis, called adenomyomas, 
are the next most common manifestation. Careful evalu-
ation of the adenomyoma, sometimes requiring higher 
frequency or linear probes, can show several features that 
are diagnostic of the entity and allow for differentiation 
from neoplasm. The most diagnostic finding, although 
not the most common, is the presence of cystic spaces. 
Echogenic foci with ringdown or “twinkling” artifact  
on Doppler examination are also typical. Focal adeno-
myomatosis is most common in the gallbladder fundus, 
less often narrowing the midportion of the organ, called 
hourglass gallbladder (Fig. 6-43).

Fundal adenomyomas are often folded onto the body 
of the gallbladder and can occasionally be mistaken for 
a pericholecystic or even a hepatic mass. The entire gland 
wall may be involved, causing collapse of the lumen. The 
absence of the cystic spaces, echogenic foci, or twinkling 
artifact or the presence of internal vascularity should 
prompt further investigation to differentiate from neo-
plasm. MRI or MRCP allows for improved specificity, 
with the presence of cystic spaces within the thickened 
wall leading to the diagnosis.91

Polypoid Masses of Gallbladder

Differentiation of benign and malignant polyps is essen-
tial because benign masses are common and malignant 
polyps require early intervention to improve outcome. 
Multiple masses and size up to 10 mm are the most 
frequently used criteria for benignity. Lesions less than 
10 mm are most often benign when resected and do not 

change in size when followed.92 Malignancy has been 
documented in 37% to 88% of resected polyps greater 
than 10 mm.93 Other factors that increase the risk of 
malignancy are age over 60, singularity, gallstone disease, 
rapid change in size on follow-up sonography, and sessile 
morphology.94 Although Doppler ultrasound features of 
benign and malignant masses overlap, a blood flow 
velocity greater than 20 cm/sec and resistive index less 
than 0.65 are more suggestive of malignancy.95

COMMON POLYPOID MASSES OF  
THE GALLBLADDER

Cholesterol polyps* (50%-60%)
Inflammatory polyps* (5%-10%)
Adenoma* (<5%)
Focal adenomyomatosis
Gallbladder adenocarcinoma
Metastases (esp. melanoma)

*Data from Bilhartz LE. Acalculous cholecystitis, 
cholesterolosis, adenomyomatosis, and polyps of 
the gallbladder. In Feldman M et al, editors. 
Sleisenger & Fordtran’s gastrointestinal and liver 
disease, 7th ed. New York, 2002, Elsevier Science, 
pp 1116-1130.

Cholesterol Polyps

Approximately one half of all polypoid gallbladder 
lesions are cholesterol polyps. These represent the focal 
form of gallbladder cholesterolosis, a common non-
neoplastic condition of unknown etiology. Cholestero-
losis results in accumulation of lipids within macrophages. 
The diffuse form, commonly known as “strawberry  
gallbladder,” is not visible on imaging. Cholesterolosis 
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ing stones, polyps are not mobile. Larger lesions may 
contain a fine pattern of echogenic foci.97

Adenomas, Adenomyomas, and 
Inflammatory Polyps

Adenomas are true benign neoplasms of the gallbladder, 
with a premalignant potential much lower than for 

has the same risk factors as gallstone disease, but the two 
conditions rarely coexist.96 Cholesterol polyps usually are 
2 to 10 mm, although lesions up to 20 mm have been 
described.93 On pathologic series, one fifth are solitary, 
but the mean number of polyps is eight.96

The sonographic appearance of cholesterol polyps is 
multiple ovoid, nonshadowing lesions attached to the 
gallbladder wall (Fig. 6-44). Unlike small, nonshadow-
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FIGURE 6-42. Adenomyomatosis: spectrum of appearances. A to C, Focal adenomyomatosis, the most common mani-
festation. A, Small focal area of thickening of the anterior fundal wall (arrow) with a bright echogenic focus with a distal comet-tail artifact. 
B, Multiple bright foci (arrow) with distal artifacts. C, Highly echogenic focal thickening of the gallbladder wall (arrow). Increased echo-
genicity is unusual for a malignant tumor that is more likely to appear hypoechoic. D to F, Fundal adenomyomas. D, Adenomyoma 
appears hypoechoic and masslike. E, Caplike area with multiple tiny, highly echogenic foci that suggest multiple crystals in the Rokitansky-
Aschoff sinuses. F, Multiple cystic spaces within the adenomyoma. G to I, Segmental adenomyomatosis. G and H, Masslike areas 
obliterating the gallbladder lumen. Multiple cystic spaces suggest the correct diagnosis. I, Multiple echogenic foci suggest crystals in the 
Rokitansky-Aschoff sinuses.
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of gallstone disease and chronic cholecystitis.98 The 
sonographic appearance of these lesions has not been 
systematically studied.

Malignancies

Primary gallbladder adenocarcinomas may appear as  
a polypoid mass. Melanoma is the cause of 50% to  
60% of metastases to the gallbladder. These appear as 
hyperechoic, broad-based polypoid lesions, potentially 
multiple and usually more than 10 mm in diameter.99 
Other adenocarcinomas can rarely metastasize to the 
gallbladder. Advanced hepatocellular carcinoma can 
directly invade the gallbladder fossa and extend through 
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FIGURE 6-43. Hourglass adenomyoma. A, Sagittal, and B, transverse, sonograms show thickening of the gallbladder wall, creat-
ing an hourglass configuration. At the point of wall thickening, there are innumerable bright echogenic foci with “ringdown” artifact, 
suggesting cholesterol crystals in Rokitansky-Aschoff sinuses. C and D, Color and spectral Doppler show “twinkling” artifact without real 
vascularity, supportive of the correct diagnosis.

colonic adenomas. Adenomas represent less than 5% of 
gallbladder polyps and occur as a solitary lesion. Adeno-
mas are usually pedunculated, and larger lesions may 
contain foci of malignant transformation.96 Adenomas 
tend to be homogeneously hyperechoic but become 
more heterogeneous as they increase in size93 (Fig. 6-45). 
Thickening of the gallbladder wall adjacent to an 
adenoma should suggest malignancy. On occasion, an 
adenomyoma may appear as a sessile, polypoid gallblad-
der lesion. Imaging features, as previously described for 
adenomyomatosis, should allow differentiation. Inflam-
matory polyps of the gallbladder constitute 5% to 10% 
of gallbladder polyps and are multiple in half the cases.96 
Inflammatory polyps tend to occur in the background 
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About 98% of gallbladder carcinomas are adenocarci-
nomas, with squamous cell carcinoma and metastases 
accounting for the rest. The following three patterns of 
disease have been described:
• Mass arising in the gallbladder fossa, obliterating the 

gallbladder and invading the adjacent liver (most 
common pattern)

• Focal or diffuse, irregular wall thickening
• Intraluminal polypoid mass

Patterns of Tumor Spread

Because the gallbladder wall is quite thin and little con-
nective tissue separates it from the liver parenchyma, 
contiguous hepatic invasion is the most common 
pattern of spread. Gallbladder tumors also extend along 
the cystic duct into the porta hepatis, where they mimic 
hilar cholangiocarcinomas. Tumor extension into bile 
ducts or encasement of the portal vein or hepatic artery 
may ensue. Direct invasion into adjacent loops of bowel, 
especially the duodenum or colon, may also occur. A 
resultant cholecystoenteric fistula and inflammation 
may be mistaken for a benign abscess collection. Metas-
tases to the peritoneum are a common finding.

Lymphatic spread is also a common feature of gall-
bladder carcinoma and may occur in the absence of 
invasion of adjacent organs.101 The first nodes to be 
affected are in the hilar region. Adenopathy may then 
extend either down the hepatoduodenal ligament, to 
affect peripancreatic and mesenteric nodes, or across the 
gastrohepatic ligament to celiac nodal stations.

Surgical resection is the only chance of cure; however, 
reported resection rates range from 10% to 30%.101 If 
the tumor is not confined to the mucosa, an extended 
cholecystectomy, involving resection of 3 to 5–cm rim 
of liver adjacent to the gallbladder fossa, or a formal right 
hepatectomy is required. Regional lymph nodes of the 
cystic and common bile ducts are also removed. The 
presence of noncontiguous hepatic or peritoneal metas-
tases, celiac or peripancreatic nodal disease, or encase-
ment of the main portal vein or hepatic artery renders 
the patient unresectable and should be carefully sought.

Sonographic Appearance

The appearance on sonography varies depending on the 
pattern of carcinoma (Fig. 6-46). When masses replac-
ing the normal gallbladder fossa are small, it may be 
difficult to appreciate them because they may blend into 
the liver. The absence of a normal-appearing gallbladder 
with no history of cholecystectomy should raise suspi-
cion. A clue to the diagnosis is the common presence of 
an immobile stone that is engrossed by the tumor, the 
“trapped stone.” On Doppler interrogation the mass 
may demonstrate internal arterial and venous flow. 
Diffuse, malignant thickening of the wall differs from 
other causes in that the wall is irregular with loss of  

the gallbladder wall to appear as a luminal mass. The 
large hepatic component of the mass and its hypervascu-
lar nature assist in the diagnosis.

Gallbladder Carcinoma

Gallbladder carcinoma is an uncommon malignancy 
occurring mainly in the elderly population, with a 3 : 1 
female/male ratio. In a majority of cases, carcinoma is 
associated with gallstones. Chronic gallstone disease and 
resultant dysplasia have been cited as a causative factor.100 

FIGURE 6-44. Gallbladder polyps. Small size (≤10 mm) 
and multiple tumors are features most suggestive of a benign 
lesion.

FIGURE 6-45. Gallbladder adenoma. Transverse image 
through the gallbladder shows a polypoid lesion found inciden-
tally in a patient with mild acute cholecystitis. The lesion was a 
tubulovillous adenoma on resection.
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because of limited detection of noncontiguous hepatic, 
lymph node, and especially peritoneal metastases. A CT 
scan is recommended to improve detection of metastatic 
gallbladder disease.
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CONTRAST-ENHANCED 
ULTRASOUND

For reasons that are not clear, transabdominal sonog-
raphy of the pancreas has been largely ignored in review 
articles from the United States,1,2 although it is often 
featured prominently in the European literature.3 This 
is indicative of radiology practice trends in North 
America and is not necessarily related to the actual use-
fulness of sonography compared with other modalities 
in pancreatic imaging. Several factors have led to the 
increasing unpopularity of ultrasound for pancreatic 
imaging in radiology practices, including difficulty in 
interpreting and especially performing sonography of the 
pancreas. Other factors are economic, as follows:
1. In the United States, sonography is reimbursed less 

well than CT or MRI/MRCP.
2. Sonography is perceived as requiring more 

radiologist time than other modalities.
3. Gastroenterologists are more likely to refer patients 

with pancreatic disease to modalities performed by 
gastroenterologists, such as ERCP and endoscopic 
ultrasound.
Despite these trends and the “research” reflecting 

these biases, the safety and effectiveness of sonography 
are evident. Pancreatic sonography can be an efficient 
and valuable tool in many common diseases, such as 
pancreatitis and pancreatic neoplasm. Sonography is 
often the first test used in patients with jaundice or 
abdominal pain. However, sonography is “technically 

dependent” and necessitates understanding techniques 
to optimize pancreatic sonography. Knowledge of sono-
graphic findings in common (and less common) pancre-
atic diseases is crucial to obtaining good imaging and 
clinical outcomes in these patients.

ANATOMY AND  
SONOGRAPHIC TECHNIQUE

Patient preparation is important in pancreatic sonogra-
phy. My colleagues and I prefer that our patients fast for 
8 hours before the study (usually overnight). We allow 
our patients to drink water and take medicines orally.

There are three key regions of the pancreas: head, 
body, and tail. The visualization of each requires knowl-
edge of pancreatic anatomy, appropriate patient posi-
tioning, and often the use of multiple transducers. The 
pancreas lies obliquely in the anterior pararenal space of 
the retroperitoneum, with the head caudal to the body 
and tail. The pancreas is draped over the spine and 
aorta; thus the neck and body are more superficial than 
the head and tail. The more caudal position of the head 
often leads to the technical error of not visualizing the 
entire head on “transverse” scans. This can be avoided 
by understanding the anatomy and by visualizing the 
normal uncinate process behind the gastrocolic trunk on 

216
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fluid from the overlying stomach and duodenum and 
places the transducer closer to the pancreas itself. The 
key vascular landmarks for the body of the pancreas are 
the splenic vein (SV), its confluence with the superior 
mesenteric vein (SMV), and the superior mesenteric 
artery (SMA) (Fig. 7-2). Some call the region between 
the body and head of the pancreas the “neck,” generally 
referring to the part of the pancreatic body ventral to the 
SMA-SMV and portosplenic confluence (Fig. 7-3).

Start scanning with the patient supine. Initially, scan 
the patient in quiet respiration. Breath holding may 
cause the patient to contract the abdominal muscles, 
preventing good compression. Images obtained in 
various degrees of held inspiration or less often expira-

images of the pancreatic head (Fig. 7-1). Knowledge of 
a few key scanning techniques will optimize imaging of 
the entire pancreas.

Pancreatic Body

Compression scanning with a “large footprint,” curved 
linear transducer is the key technique in visualizing the 
body of the pancreas. Compression displaces gas and 

A
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SMA
SMV

Pancreas

B

FIGURE 7-1. Normal pancreatic head and gastrocolic trunk. A, Transverse image of the pancreatic head and its ventral 
landmark, the gastrocolic venous trunk (GCT). The caudal uncinate is dorsal to the GCT. SMV, Superior mesenteric vein; SMA, superior 
mesenteric artery. B, In another patient, note the triangular point of the uncinate that points medially (white arrow) behind the SMV and 
nearly reaches the SMA (yellow arrow). GCT (blue arrow) enters the SMV.

Liver

P

A

FIGURE 7-2. Normal pancreatic body and land-
marks. Transverse image of the pancreatic body and its dorsal 
landmark, the splenic vein (white arrow) and portosplenic conflu-
ence. Note the normal parenchymal echogenicity, equal to that of 
the liver echogenicity. The superior mesenteric artery (yellow 
arrow) is surrounded by a collar of fat. A, Aorta; P, pancreas.

LK

FIGURE 7-3. Normal pancreatic neck and body. 
Transverse image of pancreatic body. The “neck” of the pancreas 
(arrow) is that part of the body ventral to the superior mesenteric 
artery and portosplenic confluence. LK, Left kidney.
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anterolaterally (Fig. 7-5). The pancreatic head is usually 
directly ventral to the IVC. Cephalic to the pancreas, the 
IVC is adjacent to the portal vein; this location is the 
entrance into the lesser peritoneal sac, the epiploic 
foramen (foramen of Winslow).

The uncinate process (or uncinate) is a portion of the 
caudal pancreatic head that wraps around behind the 
SMA and SMV, ending in a point oriented medially. 
The uncinate process is medial and dorsal to the SMA 
and SMV (Fig. 7-6; see also Fig 7-1, B). The GDA is a 

tion may facilitate pancreatic visualization. In inspiration 
the liver may be a useful sonographic window. In some 
patients a high-riding transverse colon may prevent good 
visualization of the pancreatic body. Unlike the stomach 
and duodenum, the contents of which are generally com-
pressible, the colon often contains stool, which contains 
suspended gas. Stool cannot be compressed and is there-
fore an impediment to pancreatic sonography. In these 
patients, scanning caudal to the transverse colon and 
angling cephalic behind the colon may be useful. The 
left lateral decubitus position may also be useful, espe-
cially to see the left part of the body and more central 
tail. Position the transducer to the right of the midline 
and angle “down the barrel” (longitudinal axis) of the 
pancreatic body and tail (Fig. 7-4).

Other potentially useful techniques include scanning 
during a Valsalva maneuver and scanning after oral water 
or contrast administration, sometimes combined with 
scanning while the patient is standing or sitting, using 
the fluid-filled stomach as a window.

Pancreatic Head

The head is the key pancreatic structure; common bile 
duct stones, periampullary neoplasms, and pancreatic/
extrahepatic duct obstructions occur here. Failure to 
adequately visualize the pancreatic head is a common but 
usually avoidable technical failure. Supine compression 
imaging is useful but rarely allows demonstration of the 
periampullary region. Vascular landmarks for the pan-
creatic head are the inferior vena cava (IVC) dorsally, 
the SMA and (SMV medially, and the gastroduodenal 
artery (GDA) and the pancreaticoduodenal arcade 

A B

FIGURE 7-4. Pancreatic body and tail. A, Transverse image of the pancreatic body obtained by positioning the transducer to 
the right of the midline and angling back toward the left. B, In another patient, with chronic pancreatitis, the transverse view shows the 
dilated pancreatic duct with scattered calcifications (arrow) at the end of the duct in the pancreatic tail.

TRANS
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SMV
SMA
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Store

FIGURE 7-5. Normal pancreatic head and vascular 
landmarks. Transverse sonogram shows vascular landmarks for 
the pancreatic head: inferior vena cava (IVC) dorsally, superior 
mesenteric artery (SMA) and superior mesenteric vein (SMV) 
medially, and gastroduodenal artery (GDA).
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The left lateral decubitus (LLD) position is best to 
see the pancreas adjacent to the duodenum. In the LLD 
position, scan in inspiration, and use the gallbladder or 
liver to either side of the gallbladder to view the right-
most portion of the pancreas and the distal (ampullary) 
pancreatic and bile ducts (Fig. 7-8).

Pancreatic Tail

It is rarely necessary or helpful for the patient to drink 
water when scanning the head or body of the pancreas. 

landmark for the ventrolateral pancreatic head; the GDA 
courses between the pancreas and the second portion of 
the duodenum (Fig. 7-7).

Another useful vascular landmark for the pancreatic 
head and uncinate process is the gastrocolic trunk 
(GCT). Several splanchnic veins variably join to form 
the GCT. These often include the right or middle colic 
vein, right gastroepiploic vein, and pancreaticoduodenal 
veins. The GCT enters the right side of the SMV just 
anterior to the pancreatic head, thus serving as a ventral 
landmark for the uncinate process4 (see Fig. 7-1).
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SMA

SMV

SMV

IVC

P
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IVC

U

B

FIGURE 7-6. Normal uncinate process. A, Transverse sonogram showing the uncinate process (U), the part of the pancreatic 
head dorsal to the superior mesenteric vein (SMV) and superior mesenteric artery (SMA). Note the pointed medial tip of the uncinate 
(yellow arrow) (see also Fig. 7-1, B). IVC, Inferior vena cava; AO, aorta. B, Longitudinal sonogram in another patient shows the uncinate 
process (arrows) dorsal to the SMV and ventral to the inferior vena cava (IVC). The neck/body of the pancreas (P) is ventral to the SMV.

DGB

FIGURE 7-7. Normal gallbladder, duodenum, and 
pancreatic head. Transverse sonogram shows the gastroduo-
denal artery (arrow) as a landmark for the ventrolateral pancreatic 
head. The GDA courses between the pancreas and the second 
portion of the duodenum (D). The gallbladder (GB) is lateral to 
the duodenum. The image shows the cephalic portion of the 
pancreatic head.
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FIGURE 7-8. Normal ampullary area and bile duct. 
Sonographic scan through the gallbladder and liver, with the 
patient in the left lateral decubitus position, to visualize the 
ampullary region shows the normal distal bile duct (arrow) as it 
passes through the pancreatic head and enters the duodenum 
through the major papilla; D, duodenum.
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region of the pancreatic tail is coronal imaging through 
the spleen and left kidney, with the patient in a right 
lateral decubitus position (Fig. 7-10). Color Doppler 
sonography can reveal the splenic artery and vein, facili-
tating identification of the tail. Scanning through the 
spleen and left kidney, although not always revealing the 
normal pancreatic tail itself, may show abnormalities in 
the region of the tail (e.g., pseudocysts, masses) that are 
invisible on other views. The view through the left 
kidney and spleen should be routine in all pancreatic 
sonograms.

Pancreatic Parenchyma

The sonographic appearance of the normal pancreas 
varies widely in parenchymal echogenicity and texture, 
shape, and size. The parenchyma is usually isoechoic or 
hyperechoic compared with hepatic parenchyma (Fig. 
7-11; see also Figs. 7-2 and 7-3). Evidence indicates that 
pancreatic echogenicity increases with age.5

The parenchymal texture varies widely from homo-
geneous to lobular internal architecture (Fig. 7-12). Pan-
creatic size varies considerably from individual to 
individual. Guerra et al.6 found that the size of the head 
of the pancreas ranged from 6 to 28 mm (17.7 ± 
4.2 mm), body size from 4 to 23 mm (10.1 ± 3.8 mm), 
and tail size from 5 to 28 mm (16.4 ± 4.2 mm). Men 
and women had comparable pancreatic size. The size of 
the pancreas diminishes with age.6,7

The shape of the pancreas can also vary considerably.8 
Variations in the shape of the pancreatic head are the 
most troublesome because they can simulate a pancreatic 

The water-filled stomach, however, may provide an 
excellent window for visualizing the pancreatic tail, the 
most difficult portion of the pancreas to visualize sono-
graphically. To see the tail, place the patient in a right 
anterior oblique position and scan through the water-
filled stomach (Fig. 7-9). Another helpful way to see the 

LK

SPL

Stomach

FIGURE 7-9. Normal pancreatic body and tail. 
Transverse image of the pancreatic body and tail, surrounding the 
splenic vein, seen through the fluid-filled stomach, with patient 
in a right anterior oblique position; LK, left kidney; SPL, spleen.
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Spleen
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Tail
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FIGURE 7-10. Normal pancreatic tail. Pancreatic tail seen through the spleen, with patient in right lateral decubitus position. 
A, Longitudinal coronal image shows the normal pancreatic tail (arrow) through the spleen. B, Transverse image of the normal pancreatic 
tail (arrow). Note large stone in the left kidney (LK) with a conspicuous acoustic shadow.
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found that “hypoechoic ventral embryologic cephalic 
pancreas” is never found before age 25 and is most 
common in middle-aged women with a “moderately 
echoic pancreas.”

Embryology and Pancreatic Duct

The embryologic precursors of the adult pancreas develop 
as two outpouchings (“buds”), called the dorsal (cranial) 
pancreatic anlage and ventral (caudal) pancreatic 
anlage. These embryonic buds arise from opposite sides 
of the junction of the primitive foregut and midgut (Fig. 
7-16). The two pancreatic anlagen (primordia) rotate to 
be in proximity, typically fusing at 6 to 8 weeks of gesta-
tion.16 The dorsal (cranial) pancreatic bud becomes the 
body and tail of the pancreas. The ventral (caudal) bud 
becomes the pancreatic head and uncinate process, 
ending up in a position caudal to the body and tail. The 
ventral bud is also the embryologic origin of the gallblad-
der, bile duct, and liver. The bile duct and pancreatic 
head sharing a common origin explains the usual fusion 
(60%-80%) of the pancreatic and bile duct in the 
ampulla and their common entry into the duodenum 
through the major papilla.

The pancreatic duct is crucial to the exocrine function 
of the pancreas, conveying the pancreatic digestive secre-
tions to the duodenum. Most adults have a single, main 
pancreatic duct that originates when portions of the two 
ducts from each pancreatic anlage fuse. The main pan-
creatic duct empties into the duodenum via the major 
papilla, usually after merging with the common bile duct 
in the ampulla. In 20% to 40% of individuals the ducts 
do not join—only the bile duct enters the duodenum 
through the major papilla.17 The pancreatic duct enters 
separately, usually near the bile duct.

head mass, a pseudomass. Typically, these bulges extend 
to the right of the gastroduodenal and superior pancre-
aticoduodenal arteries (Fig. 7-13). Another common 
pseudomass is a bulge on the anterior body, often seen 
where the left lobe of the liver touches the pancreas. 
Pseudomasses have texture and echogenicity identical to 
normal pancreas, allowing differentiation from true pan-
creatic mass lesions. When high-quality images of the 
pancreas cannot be obtained because of technical diffi-
culties, however, it may be difficult to differentiate a 
pseudomass from a true neoplasm of the pancreas.

Fatty Pancreas

Because the pancreatic parenchyma can be very echo-
genic normally, it may be difficult or impossible to diag-
nose fatty infiltration with sonography. Although the 
fatty pancreas has been described as being more echo-
genic than the normal pancreas,9 this is difficult to judge 
(see Fig. 7-12). The pancreas can appear sonographically 
normal with complete fatty replacement10 (Fig. 7-14). 
Computed tomography (CT) is sensitive in diagnosing 
fatty replacement, whereas ultrasound is unreliable. 
Severe fatty replacement of the pancreatic parenchyma 
can occur with cystic fibrosis, diabetes, obesity, and occa-
sionally, old age and Shwachman-Diamond syndrome 
(SDS). SDS is a rare congenital genetic disorder charac-
terized by pancreatic insufficiency, bone marrow dys-
function, and skeletal abnormalities.11

An interesting pseudomass can be caused by a rela-
tively hypoechoic pancreatic head or uncinate process 
(ventral pancreas) compared with the dorsal pancreas 
(Fig. 7-15). Some evidence suggests that this phenome-
non is related to relative fatty sparing in that part of the 
gland.12-14 Based on a large prospective study, Coulier15 

A B

FIGURE 7-11. Normal pancreatic parenchymal echogenicity. Longitudinal sonograms. A, Image has echogenicity, some-
what similar to the liver. B, Image of another patient has much more echogenic appearance.
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LK

FIGURE 7-12. Normal pancreatic parenchymal echogenicity. Transverse sonograms in 12 normal patients demonstrate 
the various patterns of normal pancreatic parenchyma. Echogenicity, texture, and size vary considerably.
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FIGURE 7-13. Normal anatomic variations: pancreatic head pseudomass. Variations in shape of the pancreatic head 
include bulges to the right of gastroduodenal artery. A, Transverse image of a pseudomass that extends to the right of the gastroduodenal 
artery (arrow). B, Transverse image of another pseudomass. D, Duodenum.

A B

FIGURE 7-14. Fatty infiltration of pancreas. A, In this transverse image, the appearance and echogenicity of the pancreas do 
not differ substantially from many normal glands (see also Fig. 7-12). B, CT scan shows diffuse fatty infiltration. (Case courtesy Drs. Vinay 
Duddlewar and Jabi Shiriki.)

A

D

B

FIGURE 7-15. Hypoechoic ventral pancreas. A, Transverse sonogram of pancreatic head. Note the hypoechoic uncinate 
(arrows), likely related to less fatty change than present in the dorsal component (D). B, Longitudinal sonogram of pancreas. The more 
posterior uncinate (arrow) is lower in echogenicity than the remainder of the pancreas. (Case courtesy Stephanie Wilson, MD.)
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In normal individuals the pancreatic duct diameter is 
usually 3 mm or less. Hadidi19 found that the mean duct 
diameter was 3 mm in the head, 2.1 mm in the body, 
and 1.6 mm in the tail. The diameter of the duct can 
vary significantly. In fasting individuals the duct is often 
seen as a linear structure in the pancreatic body (Fig. 
7-19). The diameter increases with age, although 3 mm 
is still an appropriate upper limit of normal in elderly 
patients.5 Using a 2.5-mm upper limit of normal, 
Wachsberg20 showed that inspiration could increase duct 
size to exceed that limit in 12% of patients without 
pancreatic disease. Secretin injection increases duct size, 
presumably because of increased pancreatic secretion,21 
which likely explains our and others’ observation that 
pancreatic duct size may increase postprandially in some 
normal individuals.7

Imaging Anatomic Variants

Transabdominal ultrasound plays little role in the diagno-
sis of anatomic variants of the pancreas, which are gener-
ally discovered and evaluated with endoscopic retrograde 
cholangiopancreatography (ERCP), magnetic resonance 
cholangiopancreatography (MRCP), and more recently, 
multidetector CT.16 Endoscopic ultrasound has been 
found to be useful in diagnosing pancreas divisum, espe-
cially in patients with unexplained pancreatitis.22 Con-
genital variants of the pancreas are common, occurring in 
about 10% of the population. Variants include pancreas 
divisum, annular pancreas, and partial agenesis. Most 

The duct in the body and tail (from duct in dorsal 
pancreatic anlage) fuses with the duct in the head (from 
duct in ventral pancreatic anlage) to form the main pan-
creatic duct (Fig. 7-16). A portion of the duct from the 
body and tail, the accessory duct (Fig. 7-17), often 
persists (~50% in autopsy series) and enters the duode-
num through the minor papilla.18 The minor duodenal 
papilla is several centimeters proximal to the major 
papilla.

Usually, only an insignificant amount of the pancre-
atic secretions drain through the accessory duct. An 
exception occurs when the accessory duct is the only 
duct entering the duodenum; the duct from the pancre-
atic head empties into the dorsal duct, not the duode-
num (Fig. 7-18, A). This anatomic variant is found in 
10% of individuals who have an accessory duct. Another 
exception is pancreatic divisum, in which the ventral 
and dorsal pancreatic ducts do not fuse (Fig. 7-18, B). 
This results in most of the pancreatic secretions (those 
secreted by dorsal pancreas) entering the duodenum 
through the accessory duct via the minor papilla.

The descriptive terminology of the pancreatic ducts is 
confusing. It is most clear to use the functional descrip-
tion shown in Figure 7-15, B—main pancreatic duct and 
accessory duct. Most authors use the accessory duct and 
the duct of Santorini synonymously. Some define the 
duct of Santorini as the entire ventral duct, including the 
accessory duct. The main pancreatic duct is sometimes 
called the duct of Wirsung, whereas others reserve that 
name for the ventral duct only.
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FIGURE 7-16. Embryologic development 
of pancreas. At 4 weeks the embryologic pre-
cursors of the adult pancreas develop as two out-
pouchings (“buds”), called the dorsal (D, blue) and 
ventral (V, brown) pancreatic anlage. The ventral 
bud is also the embryologic origin of the gallbladder 
(G), bile duct, and liver (L). The embryonic pancre-
atic buds arise from opposite sides of the junction of 
the primitive foregut and midgut. At 5 to 6 weeks 
the two pancreatic anlagen rotate into proximity. At 
6 to 8 weeks the anlagen typically fuse. The dorsal 
pancreatic bud becomes the body and tail of the 
pancreas.
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peritoneal sac is situated between the lesser omentum, 
greater omentum, and the stomach anteriorly and the 
parietal peritoneum and transverse mesocolon posteri-
orly (Fig. 7-21).

The antrum and duodenal bulb are intraperitoneal 
structures, whereas the duodenal sweep (second and 
third parts of duodenum) is retroperitoneal and hugs the 
pancreatic head. The third portion of the duodenum is 
a useful landmark, defining the caudal aspect of the 
pancreatic head. The transverse colon and hepatic flexure 
often overlie the pancreas, sometimes obscuring direct 
visualization.

The transverse mesocolon arises from the anterior 
pancreas and duodenum, formed by the parietal peri-
toneum that invests the pancreas and duodenum  

pancreatic variants are of no clinical significance and are 
found incidentally with imaging, at surgery, or on autopsy. 
Pancreas divisum, the most common variant, may predis-
pose to pancreatitis, although the literature is unclear 
about this association.23 The vast majority of patients 
(95%) with divisum do not develop pancreatitis.24

Peripancreatic Structures

The intraperitoneal stomach is generally located imme-
diately ventral to the retroperitoneal pancreatic body, 
with the collapsed potential space of the lesser peritoneal 
sac between the two organs (Fig. 7-20). This explains 
why fluid in the stomach can sometimes be helpful in 
sonographic visualization of the pancreas. The lesser 
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FIGURE 7-17. Pancreatic ductal anatomy. A, Pancreatic head. Transverse sonogram shows the accessory pancreatic duct (white 
arrow). The main pancreatic duct (yellow arrow) is seen dorsal and medial to the common bile duct (red arrow). IVC, Inferior vena cava; 
D, duodenum B, Pancreatic ductal system, functional description. Accessory duct is shown in pink (black arrow) and the main duct 
in brown. The accessory duct (orange arrows) persists in only a minority of individuals. C, Pancreatic ductal system, embryologic origin. 
Dorsal component of main adult duct and the accessory duct (black arrows, duct of Santorini, pink) both originate from the dorsal anlage. 
Ventral component of main duct (orange arrow, duct of Wirsung, brown) in pancreatic head arises from the ventral anlage and usually 
fuses with main duct from pancreatic body (dorsal anlage).
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(Fig. 7-21). The transverse mesocolon invests the trans-
verse colon and forms part of the posterior limits of the 
lesser peritoneal sac.

The tail of the pancreas lies within the splenorenal 
ligament and contacts the left kidney, left colic (splenic) 
flexure, and the hilum of the spleen posteriorly. Thus a 
portion of the pancreatic tail is intraperitoneal and some-
what mobile.

Dorsal duct

Ventral duct

Drainage via minor papilla only

Dorsal or Santorini

Ventral or Wirsung

Pancreas divisum

A

B
FIGURE 7-18. Pancreatic ductal variants with 
secretions entering duodenum via minor papilla. 
A, Minor papilla only. Ventral duct from pancreatic head 
empties into the dorsal duct instead of the duodenum. B, Pan-
creas divisum lacks formation of the main adult duct because the 
ducts from each pancreatic anlage did not fuse. The duct from  
the dorsal anlage remains separate from the main duct in the  
head. This anatomic variant is present in 5% to 10% of the 
population.

FIGURE 7-19. Normal pancreatic duct. Transverse 
image of the pancreas shows the appearance of the pancreatic duct 
as a linear, collapsed structure in the body (arrows).

Stomach

P

FIGURE 7-20. Potential space of lesser peritoneal 
sac. Transverse image is between the stomach (arrow) and pan-
creas (P).

FIGURE 7-21. Peritoneal reflections and trans-
verse mesocolon. Transverse mesocolon (yellow arrow) arises 
from the anterior pancreas and duodenum, formed by the parietal 
peritoneum that invests the pancreas and duodenum. The trans-
verse mesocolon invests the transverse colon and forms part of the 
posterior limits of the lesser peritoneal sac (blue arrow).
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cystectomy with removal of common duct stones pre-
vents recurrence of AP,33 which can be fatal. Gallstones 
affect about 15% of the U.S. population,34 but preva-
lence varies widely by ethnicity. Among some Native 
Americans, about 50% of men and 80% of women are 
affected, the highest prevalence in the world.35 After a 
careful search of the gallbladder for stones, the bile duct 
should be evaluated for choledocholithiasis and obstruc-
tion. Reports vary, but the prevalence of common duct 
stones in patients with symptomatic gallstones is likely 
10% to 20%. If the ducts are not dilated sonographi-
cally, however, the prevalence of common duct stones is 
probably about 5%.36 With careful technique, ultra-
sound can identify common duct stones with a sensitiv-
ity of 75%.37

When biliary dilation or choledocholithiasis is present 
sonographically, a stone may be impacted in the distal 
common duct. It seems reasonable to assume that urgent 
intervention to relieve the obstruction is necessary in 
these patients. There is conflicting evidence, however, 
whether patients benefit from intervention in the acute 
setting.38-42 Acosta et al.43 reported results from a pro-
spective randomized clinical trial of patients with biliary 
pancreatitis that showed better outcomes with decom-
pression of the duct within 48 hours from the onset of 
symptoms. It made no difference if the decompression 
was spontaneous or from surgical treatment or ERCP.

How gallstones cause AP is unknown, although it is 
somehow related to passage of stones into and through 
the common duct. Gallstones cause 30% to 50% of AP 
attacks, whereas only 3% to 7% of patients with gall-
stones develop pancreatitis.33 Another important cause 
of AP is biliary sludge (microlithiasis). These cases com-
prise most of what was previously characterized as “idio-
pathic” pancreatitis.44 The myriad other causes of AP 
include neoplasm,45,46 infection, pancreas divisum, 
toxins, drugs, and genetic, traumatic, and iatrogenic 
(endoscopy, postoperative), factors.31 From 5% to 7% of 
patients with pancreaticobiliary tumors, benign or malig-
nant, present with acute pancreatitis.47

Approach to Imaging

Abdominal sonography and contrast-enhanced com-
puted tomography (CECT) are the two most useful 
imaging modalities in patients with AP. Other useful, 
but usually secondary diagnostic and therapeutic studies 
include MRCP, magnetic resonance imaging (MRI), 
ERCP, and endoscopic ultrasound. The choice of modal-
ity depends on the clinical situation. Ultrasound should 
be performed to detect gallstones and bile duct obstruc-
tion in all patients in whom biliary AP is possible. CECT 
is indicated early in the clinical course of patients with 
severe pancreatitis, mainly to diagnose pancreatic necro-
sis. Necrosis appears as nonenhancement of the pancreas 
on CECT.48 Pancreatic necrosis is considered significant 
when more than 30% of the gland is affected, or an area 

ACUTE PANCREATITIS

Acute pancreatitis (AP) is defined by the 1992 Atlanta 
Classification as “an acute inflammatory process of the 
pancreas with variable involvement of other regional 
tissues or remote organ systems associated with raised 
pancreatic enzyme levels in blood and/or urine.”25 More 
than 200,000 patients are admitted to U.S. hospitals 
annually with acute pancreatitis. It is difficult to deter-
mine the prevalence of acute pancreatitis because mild 
pancreatitis is often missed. The annual incidence of AP 
has been reported as 5 to 35 per 100,000 population 
(0.005%-0.035%).26

The clinical spectrum of AP ranges from a benign, 
self-limited disorder (75% of patients) to severe pancre-
atitis that may be fulminant and quickly cause death 
from multiorgan failure.27 Mild AP generally resolves 
spontaneously with supportive management. Acute 
interstitial/edematous pancreatitis results in an enlarged 
and congested gland without appreciable necrosis or 
hemorrhage.28 Banks and Freeman29 found that the 
overall mortality of pancreatitis is approximately 5%. AP 
causes death by two mechanisms: infection and multior-
gan failure. Mortality in the first 2 weeks usually results 
from organ failure, and after that, from infection. Mor-
tality was 3% in patients with nonnecrotic (interstitial) 
pancreatitis and 17% for those with necrotizing pancre-
atitis. The same review noted 30% mortality with 
infected necrosis versus 12% for uninfected necrosis. 
Organ failure is even more skewed; there was no mortal-
ity with no organ failure, 3% with single-organ failure, 
and 47% mortality with multiorgan failure.29

The causes of AP are numerous and diverse. One 
problem in evaluating and treating AP has been the lack 
of a universally accepted classification system. The Inter-
national Symposium on Acute Pancreatitis (Atlanta, 
1992) attempted to address these problems by proposing 
a classification system that is clinically oriented.30 The 
predominant causes of AP are gallstones and alcohol 
abuse, accounting for about 80% of all cases (Table 7-1).31

All patients, including known alcoholics, who present 
with their first episode of AP should have sonography to 
evaluate the biliary tree for gallstones.32 Evaluation of 
the biliary tree is crucial in AP patients because chole-

TABLE 7-1. CAUSES OF ACUTE 
PANCREATITIS (AP)

CAUSE AP CASES

Gallstones 40%
Alcoholism 40%
Idiopathic 10%
Other 10%
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pancreatic and extrapancreatic abnormalities associated 
with AP is important. The combined use of serum 
amylase and serum lipase yields sensitivity and specificity 
of 90% to 95% in diagnosing AP,59 but mild cases may 
be missed. In mild AP the patient may present after 
transient elevated amylase and lipase levels have resolved; 
thus, no serologic indicators of pancreatitis may be 
present.60 In these patients the diagnosis of mild AP is 
clinical. On the other hand, the diagnosis may be missed 
in severe pancreatitis because pain is absent or masked 
by other, more severe symptoms. Analyzing fatal pancre-
atitis between 1980 and 1985, Lankisch et al.61 reported 
that 30.2% of cases were not diagnosed until autopsy. 
In cases such as these, imaging (CT, sonography, or 
MRI) may be important in supporting a clinical diag-
nosis or suggesting an unsuspected diagnosis of acute 
pancreatitis.

After a careful search of the gallbladder and bile duct 
for stones, the entire pancreas should be scanned. After 
scanning the pancreas, peripancreatic pathology should 
be sought in the lesser sac, anterior pararenal spaces, and 
transverse mesocolon.

The reported prevalence of sonographic abnormality 
in AP varies from 33% to 91.7%. In a retrospective 
evaluation of AP patients, Finstad et al.32 found abnor-
malities in 91.7% of patients.32 Pancreatic echogenicity 
typically decreases in AP because of interstitial edema. 
In some patients, echogenicity is normal. Rarely, echo-
genicity may actually increase, possibly because of hem-
orrhage, necrosis, or fat saponification. Cotton et al.62 
noted that, compared with the liver, the pancreatic echo-
genicity was increased in 16% of normal individuals and 
32% of AP patients. Finstad et al.32 found no AP patients 
with globally increased echogenicity, although focal areas 
of increased echogenicity and inhomogeneity did occur.

Enlargement of the pancreas is almost universal in 
acute pancreatitis. Unfortunately, enlargement may be 
difficult to judge, because pancreatic size before the onset 
of pancreatitis is usually unknown and varies widely. In 
1995, Guerra et al.6 found that the thickness of the body 
of the normal pancreas in 261 adults was 10.1 mm 
(±3.8 mm; range, 4-23 mm). In 2005, Finstad et al.32 
found that the mean anteroposterior (AP) measurement 
of the pancreatic body at the SMA level was 21.1 mm 
(±6.4 mm; range, 12-45 mm), almost twice the average 
found in normal individuals by Guerra. It seems reason-
able, therefore, to use 22 mm (mean plus 3 standard 
deviations) as the upper limit of normal pancreatic thick-
ness, understanding that this is likely to be an insensitive 
parameter for diagnosing AP (Fig. 7-22).

Using a defined scanning protocol to look for pancre-
atitis-associated findings, Finstad et al.32 found that 
sonography revealed abnormalities in 45 of 48 patients 
(91.7%) (Table 7-2).

The classic finding of decreased gland echogenicity 
is present in only 44% of patients. In addition, when 
there is fatty infiltration of the liver, the normal pancreas 

Magnetic resonance cholangiopancreatography is an 
accurate means of detecting stones in the gallbladder and 
bile ducts of patients with AP.31 Abdominal MRI can 
provide information similar to CECT, including the 
diagnosis of pancreatic necrosis.53,54 Because of expense, 
MRCP and MRI should generally be reserved for patients 
in whom CT or ultrasound does not provide adequate 
information to guide management and for those who 
have a contraindication to CECT.

Endoscopic ultrasound is more sensitive than abdomi-
nal ultrasound for the detection of common bile duct 
stones and can be useful in suspected gallstone pancre-
atitis.55 Endoscopic ultrasound is also valuable in diag-
nosing microlithiasis and pancreas divisum.56

Because of its complications and expense, ERCP, for-
merly both a diagnostic and a therapeutic modality, is 
now usually reserved for therapy.57 Sometimes coupled 
with endoscopic sphincterotomy (ES) and stone removal, 
ERCP is a valuable therapeutic modality in choledocho-
lithiasis with jaundice, dilated common bile duct, AP, or 
cholangitis.58

Ultrasound Findings

Evaluation of the gallbladder and bile ducts is the focus 
of most sonographic examinations performed in patients 
with acute pancreatitis. Nevertheless, understanding 

IMAGING IN ACUTE  
PANCREATITIS (AP)

ROLE OF ULTRASOUND
Detect gallstones as a cause of AP.
Detect bile duct dilation and obstruction.
Diagnose unsuspected AP or confirm diagnosis  

of AP.
Guide aspiration and drainage.

ROLE OF COMPUTED TOMOGRAPHY
Detect pancreatic necrosis (patients with suspected 

severe pancreatitis).
Detect complications of AP.
Diagnose unsuspected AP or confirm diagnosis  

of AP.
Diagnose conditions mimicking AP, including 

gastrointestinal ischemia, ulceration, or 
perforation and ruptured abdominal aortic 
aneurysm.

Guide aspiration and drainage.

larger than 3 cm is present. Patients with pancreatic 
necrosis must be observed closely for clinical deteriora-
tion and treated with prophylactic antibiotics.49-51 
Sharma and Howden52 found that antibiotic prophylaxis 
significantly reduced sepsis by 21.1% and mortality by 
12.3% compared with no prophylaxis. CT is also the 
most accurate examination when seeking delayed com-
plications of acute pancreatitis.
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(Fig. 7-26; see also Figs. 7-22 and 7-24). Extrapancreatic 
inflammatory changes may be detected even when the 
pancreatic contour is normal and the pancreas is not 
obviously enlarged. Pancreatic inflammation is typically 
hypoechoic or anechoic (Fig. 7-27) and conforms to a 
known retroperitoneal or peritoneal space (Video 7-1). 
It may be difficult or impossible to distinguish inflam-
mation from fluid (Fig. 7-28). In contrast to inflamma-
tion, fluid collections often have convex margins, are 
thicker and more localized, may cause a mass effect, and 
sometimes have through-transmission of sound (Fig. 
7-29; Video 7-2).

Inflammation is most often seen ventral and adjacent 
to the pancreas in the prepancreatic retroperitoneum 

may appear hypoechoic, a pattern called “pseudopancre-
atitis” (Fig. 7-23). Pancreatic heterogeneity is a subjec-
tive but common finding, present in more than 50% of 
patients (Fig. 7-24). Focal hypoechoic regions are noted 
in some patients (Fig. 7-25).

The least subjective, most common, and thus most 
useful finding is pancreatitis-associated inflammation 

P

FIGURE 7-23. Pseudopancreatitis. Longitudinal image 
of pancreas (P) and liver shows that the fatty liver is more echogenic 
than the normal pancreas, simulating a hypoechoic pancreas.

FIGURE 7-24. Heterogeneous pancreas, acute pan-
creatitis. Transverse image shows that heterogeneity can be a 
subtle, subjective finding. Arrow indicates the perivascular inflam-
mation and splenic vein–superior mesenteric vein clot.

26 mm

SMA

C

FIGURE 7-22. Enlarged pancreas, acute pancreati-
tis with inflammation. Transverse image of the pancreas 
shows 26-mm anteroposterior dimension at the level of the supe-
rior mesenteric artery (SMA). Note the acute inflammation ventral 
to the pancreas (yellow arrow) and ventral to (blue arrow) the 
splenic vein–superior mesenteric vein confluence (C).

TABLE 7-2. SONOGRAPHIC 
ABNORMALITIES IN  

ACUTE PANCREATITIS

ABNORMALITY
NO. OF PATIENTS 

(48 TOTAL) PREVALENCE

Peripancreatic 
inflammation

29 60%

Heterogeneous 
parenchyma

27 56%

Decreased gland 
echogenicity

21 44%

Indistinct ventral 
margin

16 33%

Pancreas enlarged* 13 27%
Focal intrapancreatic 

echo change
11 23%

Peripancreatic fluid 
collections

10 21%

Focal mass 8† 17%
Perivascular 

inflammation
5 10%

Pancreatic duct 
dilation

2 4%

Venous thrombosis 2 4%

*Anteroposterior (AP) dimension ≥23 mm at superior mesenteric artery.
†Five of 8 hypoechoic.

Modified from Finstad TA, Tchelepi H, Ralls PW. Sonography of acute 
pancreatitis: prevalence of findings and pictorial essay. Ultrasound Q 
2005;21:95-104.
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region can be seen well in most patients on longitudinal 
scans. Look caudal to the pancreas and behind the 
stomach (Fig. 7-32; see also Fig. 7-21); inflammation 
extends caudally and may reach the transverse colon. 
The transverse colon itself may be difficult to identify; 
in the transverse plane it lays directly ventral (anterior) 
to the head and uncinate process of the pancreas. Spread 
of inflammation along perivascular spaces, especially the 
splenic vein and splenoportal confluence, is characteristic 
of AP (Figs. 7-33, 7-34, and 7-35; see also Figs. 7-22, 
7-24, and 7-26). This perivascular inflammation may 

(see Figs. 7-22, 7-26, and 7-28), the right and left ante-
rior pararenal spaces, the perirenal spaces, and the trans-
verse mesocolon. The anterior pararenal spaces are best 
seen through a coronal flank approach (Fig. 7-30). The 
patient is scanned while in a decubitus position with the 
transducer angled to achieve a sagittal scan plane through 
the flank. Areas of inflammation within the anterior 
pararenal space are often seen immediately adjacent to 
the echogenic fat within the perirenal space. Acute pan-
creatic inflammation within the anterior pararenal space 
occasionally outlines Gerota’s fascia (Fig. 7-30). Inflam-
matory masses (formerly called phlegmon) maybe present 
(Fig. 7-31) (see Fig. 7-28). The transverse mesocolon 

FIGURE 7-25. Focal hypoechoic area, acute pancre-
atitis. Transverse image shows heterogeneous pancreas with 
focal hypoechoic area (arrow).

C

FIGURE 7-26. Inflammation from acute pancreati-
tis. Transverse image shows acute inflammation ventral to the 
pancreas (yellow arrow) and ventral to (white arrow) the splenic 
vein–superior mesenteric vein confluence (C). The pancreas is 
enlarged and heterogeneous.

AC PANC

Ascites and
inflammation

FIGURE 7-27. Inflammation and ascitic fluid, acute 
pancreatitis. Transverse image of right upper quadrant shows 
acute inflammation in the anterior pararenal (retroperitoneal) 
space and the perirenal space (yellow arrows). Ascites is present in 
the adjacent subhepatic space (white arrow).

RK

Liver

M
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FIGURE 7-28. Inflammation simulates fluid. Longi-
tudinal image of right upper quadrant shows that the acute inflam-
mation (arrows) in the anterior pararenal (retroperitoneal) space 
simulates fluid and might be mistaken for ascites. Note the retro-
peritoneal inflammatory mass (M). RK, Right kidney.
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explain why some patients develop thrombosis of the 
portal veins (Figs. 7-36 and 7-37; see also Fig. 7-34). 
Occasionally, retroperitoneal findings similar to those 
seen in AP can be seen in patients with ascites, perhaps 
because of a “leaky” peritoneum.

Complications

Complications of acute pancreatitis can be classified as 
systemic complications (those related to organ failure) 
and local complications.63

A B

FIGURE 7-29. Pancreatitis-associated fluid collection. A, Transverse sonogram, and B, CT image, of a “lesser sac” fluid 
collection. Such collections are actually in the prepancreatic retroperitoneum. Note the displaced stomach (arrows).

FIGURE 7-30. Inflammation in right anterior para-
renal and perirenal spaces. Longitudinal coronal image 
of right upper quadrant; decubitus position facilitates visualization 
of the pararenal and perirenal spaces. The inflammation partially 
outlines the perirenal space (arrow), which is contained by Gerota’s 
fascia.

Inflammation
coronal long

Spleen
MPL EFF

FIGURE 7-31. Inflammatory mass in left anterior 
pararenal space. Longitudinal coronal image of left upper 
quadrant shows retroperitoneal inflammatory mass (M). Such 
masses were formerly called “phlegmons” before this term was 
proscribed by the 1992 International Symposium on Acute Pan-
creatitis (Atlanta). PL EFF, Left pleural effusion.

LOCAL COMPLICATIONS OF  
ACUTE PANCREATITIS

Acute fluid collections
Pseudocysts
Pancreatic abscess
Necrosis
Infected necrosis
Hemorrhage
Venous thrombosis
Pseudoaneurysms
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Acute Fluid Collections

Pancreatitis-associated fluid collections represent a spec-
trum of disease and thus can be problematic to classify 
(Figs. 7-38 and 7-39; see also Fig. 7-29). Fluid collec-
tions, when they contain debris or necrosis or may be 
infected, cannot always be categorized. Approximately 
40% of patients with AP develop acute fluid collec-
tions.64,65 About half of these appear to resolve spontane-
ously,64 with almost 70% resolving in patients with 
nonnecrotizing pancreatitis.65 Thus, drainage or other 
intervention in acute collections is inappropriate, unless 
a rare superinfection occurs. The Atlanta Classification 
suggests that the differentiation between acute fluid col-
lection and pseudocyst should be made after 4 weeks 
from the onset of disease.25 Others suggest that a fluid 
collection that persists for 6 weeks can be considered a 
pseudocyst. The 6-week definition is based on classic 
surgical management; the pseudocyst wall requires 6 
weeks to “mature” to the point where it can be drained 
surgically.66

A
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trans mesocolon
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Trans
colon
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FIGURE 7-32. Inflammation in transverse mesocolon. Longitudinal images. A, Subtle, relatively minor inflammation 
(arrows). B, More significant inflammation (arrows). C, Transverse colon, which may be difficult to visualize; mesocolon inflammation is 
more diffuse (arrows).

FIGURE 7-33. Perivascular inflammation. Transverse 
image of the pancreatic body shows hypoechoic inflammation 
(arrows) around the splenic vein.



A B

FIGURE 7-34. Pancreatitis causes perivascular inflammation. A, Transverse sonogram, and B, CT image, of the pancreas 
show obvious evidence of perivascular inflammation (arrows), hypoechoic on sonogram and low density on CT.

A B

FIGURE 7-35. Perivascular inflammation and clot caused by pancreatitis. A, Transverse sonogram of pancreas shows 
the confluence free of thrombus. Note the obvious signs of perivascular and pre-pancreatic inflammation (yellow arrows). B, Transverse 
color Doppler sonogram confirms splenic vein clot (yellow arrow) and the open confluence (green arrow).

SMV clot

FIGURE 7-36. Superior mesenteric vein clot. Longitudinal sonograms show clot in the superior mesenteric vein (arrows) in 
two patients with acute pancreatitis.
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GB

FIGURE 7-37. Left portal vein clot. Transverse sonogram 
shows clot in the left portal vein (arrows) caused by pancreatitis.

Liver

S

FIGURE 7-38. Acute fluid collection. Longitudinal 
image shows inflammation and an acute fluid collection (arrow) 
in the transverse mesocolon; S, stomach.

Acute fluid
Inflammation

A B

FIGURE 7-39. Pancreatitis-associated fluid collection. A, Transverse sonogram, and B, CT image, show enlarged and 
heterogeneous pancreas, with prominent peripancreatic inflammation and an acute fluid collection that later resolved spontaneously.

Pseudocysts

Pancreatic pseudocysts are a well-known complication of 
acute or chronic pancreatitis. Pseudocysts comprise 
75%67 to 90%68 of all cystic lesions of the pancreas. The 
“wall” of pancreatic pseudocysts consists of fibrous and 
granulation tissue. Thus, unlike true cysts or cystic neo-
plasms, pseudocysts do not have an epithelial lining. 
Pseudocysts are more common in patients with chronic 
pancreatitis (CP) than in patients with acute pancreatitis. 
Pseudocyst prevalence ranges from 5% to 16% in patients 
with AP. In CP, prevalence varies from 20% to 40%, 
with the highest rates in alcohol-related CP.69 On occa-
sion, pseudocysts can be caused by trauma (Fig. 7-40).

The most important issue in diagnosing pseudocysts 
on images is avoiding confusion with cystic neoplasm, a 
mistake that can lead to adverse clinical outcomes.70 
Unfortunately, this distinction may be difficult. The 
major criterion for diagnosing a pseudocyst is a clinical 
history or imaging evidence of acute or chronic pancre-
atitis. Failing this, differentiating a pseudocyst from 
cystic pancreatic lesions becomes problematic. The sono-
graphic findings in pseudocysts are variable. Pseudocysts 
can range in appearance from almost purely cystic to 
collections with considerable mural irregularity, septa-
tions, and internal echogenicity because of debris (Fig. 
7-41) from necrosis, hemorrhage (see Fig. 7-40), or 
infection. Successful differentiation of cystic neoplasm 
from pseudocyst thus depends on a high degree of sus-
picion for possible cystic neoplasm and understanding 
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hemorrhage into) the pseudocyst, biliary obstruction 
(Fig. 7-41), and gastrointestinal obstruction (usually 
duodenal).75 Internal or external fistula formation can 
result in pancreatic ascites or pleural effusion.76 Inflam-
mation from pancreatitis can digest and dissect through 
tissue plane boundaries. For example, pseudocysts and 
inflammatory masses can present in the neck77 or the 
groin78 (Fig. 7-42).

Necrosis and Abscess

Significant pancreatic necrosis is defined by the Atlanta 
Classification system as nonenhanced pancreatic paren-
chyma greater than 3 cm or involving more than 30% 
of the area of the pancreas on CECT (see Fig. 7-35). 
These patients are at greater risk than patients without 
necrosis and are treated with prophylactic antibiotics  
and observed closely. Necrosis cannot be definitively 
diagnosed by ultrasound, although ultrasound contrast 
agents may change that situation.

The terminology of the Atlanta Classification is some-
what confusing when describing significant infection 
associated with pancreatitis. “Pancreatic abscess” is 
reserved for infected fluid collections, essentially pseudo-
cysts that become infected. Infected pancreatic necro-
sis, a much more serious condition, can also result in 
pus-filled collections, which might also be called 
“abscesses” in other clinical settings. Thus it is best to 
think of two distinct types of acute pancreatitis-asso-
ciated abscess, as follows:
1. The Atlanta Classification pancreatic abscess, an 

infected fluid collection/pseudocyst, which has 
minimal necrosis.

2. Infected necrosis with a fluid collection, which 
arises from infection of necrotic pancreatic tissue.

findings strongly suggestive of “the usual suspects”: 
serous cystic neoplasm (microcystic adenoma), muci-
nous cystic neoplasm, solid-pseudopapillary tumor, and 
intraductal papillary mucinous neoplasm.71 Character-
ization of cystic neoplasms by CT or MRI is unreliable, 
even when the reviewers’ diagnostic certainty was 90% 
or more.72

Conservative management of pseudocysts is appropri-
ate unless complications occur. As noted, many pseudo-
cysts resolve spontaneously. Persistent uncomplicated 
pseudocysts require no intervention and can be safely 
observed.73,74 Indications for drainage of a pseudocyst 
include abdominal pain, usually related to growth of (or 

CBD
PS cyst

FIGURE 7-41. Pseudocysts causing biliary obstruction. Longitudinal oblique sonograms in two different patients demon-
strate bile duct dilation from obstruction. Biliary obstruction is an indication for pseudocyst drainage.

PC

FIGURE 7-40. Pancreatic fracture and associated 
pseudocyst. Transverse sonogram shows the fracture/lacera-
tion (arrow) of the pancreatic body. A pseudocyst (PC) has devel-
oped ventral to the pancreas. Trauma is an uncommon cause of 
pancreatic pseudocysts. (Case courtesy Stephanie Wilson, MD.)
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are the most significant vascular complications. Most 
clinically insignificant hemorrhagic pancreatitis is related 
to venous and small vessel disease, whereas potentially 
fatal hemorrhage is usually related to enzymatic digestion 
or pseudoaneurysm of major vessels, including the 
splenic, gastroduodenal (Fig. 7-43), and superior pancre-
aticoduodenal arteries. The prevalence of hemorrhage in 
pseudocyst patients is 5%, but with up to 40% mortal-
ity.83 Vascular erosion can produce a sudden, painful 
expansion of the cyst or gastrointestinal (GI) bleeding 
caused by bleeding into the pancreatic duct (“hemosuc-
cus pancreaticus”).84 Thrombosis of the portal venous 
system may occur in both acute and chronic pancreati-
tis;63 splenic vein thrombosis is most common (Fig. 
7-44). Agarwal et al.85 reported a 22% prevalence of 
splenic vein thrombosis in patients with chronic pancre-
atitis. Bernades et al.86 reported the prevalence of portal 
vein thrombosis as 5.6% (15/266). Splenic vein throm-
bosis may result in upper GI bleeding from gastric varices, 
called “sinistral” (left-sided) portal hypertension.

CHRONIC PANCREATITIS

The prevalence of chronic pancreatitis ranges from 3.5 
to 10 per 100,000 in the population. CP is characterized 
by intermittent pancreatic inflammation with progres-
sive, irreversible damage to the gland. Histologically, the 
key features are fibrosis, acinar atrophy, chronic inflam-
mation, and distorted and blocked ducts.87 CP ultimately 
leads to permanent structural change and deficient endo-
crine and exocrine function. Some lasting morphologic 

Treatment

The major approaches to the treatment of pseudocysts 
include surgery, percutaneous image guided drainage 
and endoscopic guided drainage. Andrén-Sandberg  
et al.66 state:

There are no randomized studies for the management 
protocols for pancreatic pseudocysts. … First of all it is 
important to differentiate acute from chronic pseudocysts  
for management, but at the same time not miss cystic 
neoplasias. Conservative treatment should always be 
considered the first option (pseudocysts should not be 
treated just because they are there).

It is difficult to determine the best method to treat 
pseudocysts. The cause of pancreatitis, communication of 
the pancreatic duct with the pseudocyst, and local tech-
nical expertise must be considered when choosing a  
treatment method. Although the data are unclear, percu-
taneous drainage (PCD) of pseudocysts likely is overall 
less successful than surgical or endoscopic drainage.79 
Nevertheless, PCD can be used as a first option with other 
techniques reserved for PCD failures. In the large subset 
of patients WITH normal duct anatomy and no com-
munication of the pseudocyst with the pancreatic duct, 
PCD is successful in more than 80%. On the other hand, 
PCD failed in 77% to 91% of patients who had duct 
obstruction or strictures.75 Therefore, ERCP,80 and in 
some cases MRCP,53,69 may be useful in the selection of 
treatment technique.

Pancreatic abscess (infected fluid collections without 
significant necrosis) is often best treated by PCD.81 PCD 
can also be used in infected necrosis, for which it is 
curative in some patients82 and is a useful temporizing 
technique in others.79 Although management of infec-
tion in pancreatitis is evolving,25 therapy for infected 
pancreatic necrosis remains surgical debridement.

Vascular Complications

Vascular complications occur in both acute and chronic 
pancreatitis. Pseudoaneurysms and venous thrombosis 
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FIGURE 7-42. Inflammation from pancreatitis 
causing groin mass. Longitudinal extended field of view 
sonogram from right upper quadrant to right groin. An inflam-
matory mass (arrows) is caudal to the inguinal ligament. Extensive 
spread of acute inflammation is common in acute pancreatitis. RK, 
Right kidney; L, liver.
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FIGURE 7-43. Pancreatic pseudoaneurysm. Trans-
verse color Doppler sonogram shows AP-associated pseudoaneu-
rysm arising from the gastroduodenal artery. The clotted portion 
of the pseudoaneurysm (arrowheads) is noted. Calipers denote the 
patent portion of the pseudoaneurysm. Pseudoaneurysm is a rare 
complication of pancreatitis, much less common than venous 
thrombosis. Notice the “yin and yang” (red/blue) color Doppler 
appearance representing the blood swirling in the lesion.
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Consequently imaging is not very useful in early CP. 
Furthermore, morphologic changes do not correlate well 
with endocrine or exocrine function.92

Despite the common belief that it is diagnostically 
inferior overall to CECT, MRCP, and endoscopic ultra-
sound,93-95 ultrasound is often recommended as the first 
diagnostic test.87 Bolondi7 states that ultrasound diagnosis 
of CP remains difficult because of “the polymorphism of 
anatomic changes and the relatively high incidence of 
false-negative results in early stages of the disease.” In 
clinical practice, however, ultrasound currently is accepted 
as the first diagnostic step when CP is suspected.

Ultrasound Findings

Sonography can be effective in diagnosing CP, but other 
tests are generally required if intervention is contem-
plated. The hallmark of CP is ductal dilation (Fig. 
7-46) and calcifications, which can be in the branch 
ducts (Fig. 7-47), main duct (Fig. 7-48), or both (Video 
7-3). When these findings are present in a patient with 
pain and a history of alcoholism, the diagnosis of CP is 
secure. CT is superior to sonography in detecting calci-
fications and ductal dilation. Calcifications are often 
made much more conspicuous on ultrasound images by 
looking for the color comet-tail artifact (CCTA)96 (Fig. 
7-49; Video 7-4).

Areas of increased and decreased echogenicity are 
related to the effects of patchy fibrosis. These focal areas 
of altered echogenicity are often subjective and difficult 
to appreciate.

Pseudocysts

Pseudocysts are more common in patients with chronic 
(20%-40%) than with acute (5%-16%) pancreatitis 

changes include alterations in parenchymal texture, glan-
dular atrophy, glandular enlargement, focal masses, dila-
tion and beading of the pancreatic duct (often with 
intraductal calcifications), and pseudocysts.

Alcoholism is the predominant cause of chronic pan-
creatitis (70%-90% in Occidental countries).88 Other 
causes include pancreatic duct obstruction caused by 
strictures, hypertriglyceridemia, hypercalcemia, auto-
immune pancreatitis, tropical pancreatitis, and other 
genetic mutations.89

Chronic pancreatitis is characterized clinically by 
pain, malabsorption, and diabetes. Treatment of uncom-
plicated CP is usually conservative, with the major aim 
to improve the patient’s quality of life by alleviating pain 
and mitigating malabsorption and diabetes. Surgical and 
endoscopic interventions are reserved for complications 
such as pseudocysts, abscesses, and malignancies.87 
Obstruction and thrombosis of the portal veins may 
occur (see Fig. 7-37). CP may also lead to obstruction 
of the pancreatic and bile ducts, sometimes resulting in 
the “double duct” sign (Fig. 7-45). In my institution, 
because of a high prevalence of alcoholism, the double-
duct sign is caused by CP more often than by periampul-
lary neoplasm.90 The frequency of common bile duct 
obstruction in patients hospitalized for CP ranges from 
3% to 23% (mean, 6%). The frequency of duodenal 
obstruction is about 1.2% in hospitalized patients.91 All 
these findings occur in various combinations and with 
differing frequency.7

Approach to Imaging

The imaging diagnosis of chronic pancreatitis depends 
on detecting the structural changes associated with 
advanced disease. Unfortunately, these changes are rarely 
present in early disease, decreasing imaging sensitivity. 

C

FIGURE 7-44. Splenic vein clot. Transverse power Doppler 
image shows partial splenic vein clot (arrow) caused by chronic 
pancreatitis. C, Confluence of splenic and superior mesenteric 
veins.

CH PANC

Double duct
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EH duct

FIGURE 7-45. “Double duct” sign. Longitudinal oblique 
image shows dilation from obstruction of the pancreatic duct (PD) 
and extrahepatic bile duct (EH). Chronic pancreatitis often causes 
the double-duct sign. GB, Gallbladder.
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FIGURE 7-46. Dilation of pancreatic duct. Transverse 
sonogram of the pancreatic body shows a beaded, dilated pancre-
atic duct, resulting from chronic pancreatitis.

FIGURE 7-47. Dilated pancreatic duct and branch 
duct calcifications. Ductal calcification is a hallmark of 
chronic pancreatitis. Transverse sonogram shows many branch 
duct stones.

A

PD stones

B

FIGURE 7-48. Dilated pancreatic duct and stones. A, Transverse, and B, longitudinal, sonograms show chronic pancreatitis 
with dilation of the pancreatic duct and multiple stones in the main duct (arrow). Branch duct stones are manifest as almost confluent, 
echogenic parenchymal foci.

(Figs. 7-50 and 7-51).69 Pseudocysts may present with 
various shapes, contain necrotic debris (Fig. 7-52), hem-
orrhage (~5%) (Fig. 7-53),67 or even have a completely 
solid pattern.7

Portal and Splenic Vein Thrombosis

Thrombosis of the portal venous system can occur in 
chronic pancreatitis because of (1) intimal injury from 
recurrent acute inflammation, (2) chronic fibrosis and 
inflammation, or (3) compression by either a pseudocyst 
or an enlarged pancreas.97 Splenic vein thrombosis is 
relatively common in patients with CP (5%98 to 40%97) 

(see Fig. 7-44). Portal vein thrombosis occurs less fre-
quently. Bernades et al.86 reported the prevalence of sple-
noportal vein obstruction as 13.2%, with the splenic 
vein obstructed in 8%, portal vein in 4%, and superior 
mesenteric vein in 1%.

Pancreatitis-associated thrombus in the splenic or 
portal vein often results in collaterals different from 
those in portal hypertension from liver disease. These 
collaterals, rather than conveying blood away from the 
diseased liver, conduct blood toward the liver, bypassing 
the clot. Splenic vein thrombosis will often result in left 
sided (“sinistral”) portal hypertension (Fig. 7-54). This 
can result in isolated gastric varices, which can cause 
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FIGURE 7-49. Calcifications highlighted by color comet-tail artifact (CCTA). Transverse gray-scale and color Doppler 
sonograms show that CCTA makes the extensive pancreatic calcification much more conspicuous. Patient had chronic pancreatitis.

PS

FIGURE 7-50. Pseudocyst in pancreatic body. This pseu-
docyst (PS) is almost free of internal debris. The flow reversal in the 
splenic vein (arrow) is related to cirrhotic portal hypertension. Patient 
had chronic pancreatitis.

A B

FIGURE 7-51. Hemorrhagic pseudocyst in pancreatic tail. A, Complex, debris-filled pseudocyst seen through pancreatic 
tail in patient with chronic pancreatitis. B, CT shows also shows debris in the pseudocyst.
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with portal vein thrombosis in one study100 (Fig. 7-57). 
These can be successfully diagnosed with color Doppler101 
or gray-scale102 imaging.

Masses Associated with  
Chronic Pancreatitis

Focal pancreatic masses occur in approximately 30% of 
CP patients. Carcinoma and pancreatitis related masses 
are usually easy to differentiate clinically and by imaging 
(Fig. 7-58). In some patients, however, the distinction 
may be difficult103 (Fig. 7-59). Pancreatitis-associated 
masses are found in a surprisingly large percentage of 
patients having surgery for suspected pancreatic malig-
nancy (5%-18.4%).104 In one series, 10.6% (47 patients) 
of 442 patients undergoing pancreaticoduodenectomy 

life-threatening GI bleeding. The hepatopetal pathway 
to bypass the splenic vein clot (Fig. 7-55) includes short 
gastric collaterals that lead to the gastric mural varices 
(Fig. 7-56), then flow toward the liver in the coronary 
vein. It may be difficult or impossible to detect splenic 
vein clot, or even the splenic vein itself. Therefore the 
diagnosis of splenic vein clot may depend on detection 
of collaterals, such as short gastric varices or an enlarged 
coronary vein.99 When the main portal vein is clotted, 
blood flows to the liver around the clot. If the portal vein 
clot persists, these hepatopetal collaterals may enlarge, 
resulting in cavernous transformation of the portal vein. 
Gallbladder wall varices were present in 30% of patients 
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FIGURE 7-52. Chronic pancreatitis in two patients with pseudocysts. A, Longitudinal sonogram shows irregular 
margins with some internal debris. B, Oblique sonogram through the spleen shows massive, complex, debris-filled pseudocyst in the 
pancreatic tail.

FIGURE 7-53. Hemorrhagic pseudocyst in pan-
creatic body. Chronic pancreatitis–associated debris-filled 
pseudocyst; it may be difficult or impossible to distinguish a 
hemorrhagic pseudocyst from a debris-filled nonhemorrhagic 
pseudocyst. Normal pancreas is not included.
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FIGURE 7-54. Splenic vein clot with left-sided 
(“sinistral”) portal hypertension. This can result in 
isolated gastric varices (green arrow), which can cause life-threat-
ening gastrointestinal bleeding. The hepatopetal pathway to 
bypass the splenic vein clot (purple arrow) includes short gastric 
collaterals (orange arrows).



Chapter 7 ■ The Pancreas  241

dence of CP is nonspecific. In this case, other imaging 
or biopsy is indicated to differentiate carcinoma from 
CP. As noted, the double-duct sign is nonspecific, occur-
ring in both pancreatitis and pancreatic carcinoma. 
Finding multiple dilated branch ducts in the pancreatic 
head is more typical of CP and is rarely found in pan-
creatic cancer (Fig. 7-61). Pseudocysts are common in 
CP (20%-40%)69 and rare in carcinoma,108 but they 
occur in both conditions. So-called obstructive pseudo-
cysts that occur with carcinoma usually are peripheral to 
body or tail lesions. Pancreatitis-associated pseudocysts 
occur anywhere in the gland, usually arising in areas of 
necrosis.

(Whipple resection) had benign disease.105 Of these 47, 
40 (9.2%) were resected because of a suspected 
malignancy.

The presence of calcification within a mass makes the 
diagnosis of CP likely (Fig. 7-60). Only 4% to 6% of 
ductal adenocarcinomas have calcifications.106,107 The 
pattern of calcification in ductal adenocarcinoma is dif-
ferent from the usual CP patient. In CP calcifications are 
multiple and ductal. In carcinoma there are generally 
only one or a few coarse calcifications, usually unrelated 
to dilated ducts. Hyperechoic masses, even without dis-
crete calcifications, are usually (but not always) related 
to CP. An uncalcified isoechoic or hypoechoic mass 
occurring in a patient without clinical or imaging evi-

Spleen

FIGURE 7-55. Short gastric collaterals from splenic 
vein clot (arrow). Longitudinal coronal color Doppler sono-
gram in patient with left-sided (sinistral) portal hypertension 
shows blood in the short gastric venous collaterals (arrow) flowing 
away from the splenic hilum.

PS cyst

Liver

FIGURE 7-56. Gastric mural varices. Longitudinal color 
Doppler sonogram in patient with left-sided portal hypertension. 
The actual gastric mural varices (arrows) are visualized, unusual in 
these patients. The pseudocyst that caused the splenic vein clot is 
compressing the stomach.

MPV clot - GB wall varices

FIGURE 7-57. Varices and clot. Oblique color Doppler 
sonogram shows that main portal vein clot engenders hepatopetal 
collaterals, including cavernous transformation of the portal vein 
and, in some patients, gallbladder wall varices.
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SP

FIGURE 7-58. Chronic pancreatitis–associated 
mass, with calcification and dilated ducts. Trans-
verse sonogram of pancreatic head; when classic findings such as 
ductal dilation and multiple calcifications are present, the diagno-
sis of chronic pancreatitis is clear.
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resected for suspected malignancy are found instead to 
be AIP.111 Although benign masses from the usual causes 
of CP are more common, AIP masses are much more 
likely to be confused for carcinoma. In one series, 13 of 
19 (68.4%) masses caused by the usual types of CP were 
resected for a clinical suspicion of malignancy, whereas 
all 11 (100%) of AIP-related masses were thought to be 
malignant preoperatively.105

Anecdotal experience suggests that when a definite 
pancreatic mass is seen sonographically, but not imaged 
on CT, chronic pancreatitis is the likely cause of the 
mass. Another slightly confounding fact is that CP 
patients have an increased lifetime risk of developing 
pancreatic carcinoma (4%)112 compared with the general 
population (1%-2%).113

Autoimmune pancreatitis (AIP) is a masslike imita-
tor of pancreatic carcinoma109 (Fig. 7-62). AIP accounts 
for many cases previously classified as “idiopathic pan-
creatitis,” comprising perhaps 4% to 6% of all patients 
diagnosed with CP. The AIP terminology is confusing; 
synonyms include chronic sclerosing pancreatitis, lym-
phoplasmacytic sclerosing pancreatitis, and tumefactive 
chronic pancreatitis.110 About 2% of pancreatic masses 
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FIGURE 7-59. Chronic pancreatitis–associated masses in pancreatic head simulating carcinoma. Two different 
patients. A, Transverse sonogram reveals a mass (arrow) that lacks calcification and other features of chronic pancreatitis, simulating a 
malignant mass; A, aorta; GB, gallbladder; IVC, inferior vena cava. B, Transverse sonogram reveals a mass (blue arrow) that simulates a 
malignancy; yellow arrow, pancreatic duct.

FIGURE 7-60. Mass with color comet-tail artifact 
from calcification. Transverse sonogram reveals a mass 
(arrow). Calcification, revealed by a prominent CCTA, indicates 
a likely diagnosis of chronic pancreatitis.

TRANS

DIL ducts

FIGURE 7-61. Many small, dilated ducts. Transverse 
sonogram shows multiple dilated branch ducts in the pancreatic 
head, more typical of chronic pancreatitis and rarely found in 
pancreatic cancer.
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Pancreatic cancer represents only 2% of all cancers but 
is the fourth most common cause of cancer death in the 
United States. According to 2008 American Cancer 
Society data, pancreatic ductal adenocarcinoma is the 
most lethal malignancy (Table 7-3). Overall 5-year sur-
vival is poor: 2% to 5%. Risk factors include tobacco 
smoking (twice the risk as for nonsmokers), obesity, 
chronic pancreatitis, diabetes, cirrhosis, and use of 
smokeless tobacco. A family history of pancreatic cancer 
also increases risk.118 Rare syndromes associated with 
increased risk include Peutz-Jeghers syndrome.119

The selection of imaging techniques in patients with 
pancreatic cancer requires a rational approach based on 
grim realities about the disease. Although sophisticated 
imaging of candidates for resection consumes much time 
and effort, it is crucial to remember that only a few 
patients have potentially resectable disease at initial diag-
nosis. These are the patients who can potentially benefit 
from sophisticated “resectability” studies. Further, even 
for that small minority who can be resected with a hope 
for cure, the prognosis is poor. Most patients with newly 
diagnosed pancreatic carcinoma have advanced unresect-
able disease at initial diagnosis. In most studies from 
major oncology centers, only 10% to 20% of the patients 
are eligible for curative surgery at diagnosis.120,121 The 
initial routine imaging study, whether ultrasound or CT, 
can usually detect advanced disease.122

Although the diagnosis of periampullary tumors and 
safety of the Whipple procedure have improved over the 
decades, prognosis for patients with pancreatic cancer 
remains poor. In a meta-analysis of virtually the entire 
surgical literature on resection of pancreatic cancer, 
Gudjonsson123 found significant errors and exaggerations 
in the reporting of survival figures, and that the overall 
survival rate actually was less than 0.4%. The best overall 
survival rate in detailed surgical studies is only 3.6%, and 
for a nonsurgical study, 1.7%. In another report, Gud-
jonsson124 stated:

PANCREATIC NEOPLASMS

Periampullary Neoplasm

Periampullary neoplasms are difficult to differentiate 
from one another and are generally managed identi-
cally—by pancreaticoduodenectomy (Whipple resec-
tion). Jaundice is the most common presentation of 
these tumors (85%).114 Tumors in this group include 
pancreatic ductal adenocarcinoma (about two thirds of 
periampullary neoplasms), ampullary carcinoma (15%-
25%), duodenal carcinoma (10%), and distal cholangio-
carcinoma (10%).114 Survival is best for duodenal and 
ampullary carcinoma, but only in comparison to the 
poor survival rates for cholangiocarcinoma and especially 
pancreatic cancer.

Image evaluation of these tumors is basically the same 
as that described later for pancreatic ductal adenocarci-
noma. The approach varies depending on the clinical 
presentation and local expertise. Most agree, however, 
with Ross and Bismar114: “The relative availability, 
economy, and usefulness of the results make transab-
dominal ultrasound a common initial imaging study for 
patients with suspected obstructive jaundice.”

Pancreatic Carcinoma

Pancreatic ductal adenocarcinoma is the most common 
primary pancreatic neoplasm, accounting for 85% to 
95% of all pancreatic malignancies.115,116 Ductal adeno-
carcinoma has a slight male predominance, most fre-
quently affecting patients 60 to 80 years of age. The 
prevalence of pancreatic carcinoma tripled during the 
mid-20th century. Mortality for pancreatic cancer has 
continued to decline since 1975 in men and has leveled 
off in women after increasing from 1975 to 1984.117 

FIGURE 7-62. Mass in pancreatic head. Transverse 
sonogram shows hypoechoic mass in the pancreatic head from 
autoimmune pancreatitis (AIP) simulating pancreatic carcinoma. 
The portal vein (arrow) is displaced by the mass.

TABLE 7-3. FIVE-YEAR CANCER 
SURVIVAL RATES*

SITE % RANK*

Pancreas 5 1
Liver 10.8 2
Lung/bronchus 15 3
Esophagus 15.6 4
Colon/rectum 64 9
Kidney 65.5 10
Uterus/cervix 71.6 11
Thyroid 96.7 17
Prostate 98.4 18

*Worst to best; 18 common neoplasms.
Data from American Cancer Society.
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and periampullary neoplasms. Sonography often detects 
pancreatic carcinoma because it is the method of choice 
to screen patients with jaundice127 and is frequently used 
to assess patients with pain. There are few recent U.S. 
studies of ultrasound in pancreatic carcinoma. Nonethe-
less, sonography clearly is effective in detecting pancre-
atic carcinoma,122,128,129 with sensitivity of 72% to 98%.63 
Multidetector computed tomography (MDCT) has a 
reported sensitivity of 86% to 97% for all pancreatic 
tumors.127 CT is less operator dependent than ultra-
sound, which, along with CT’s higher reimbursement, 
likely accounts for most radiologists’ preference for CT 
in tumor detection. Sonography may be useful to char-
acterize abnormalities noted on CT, such as determining 
whether a lesion is cystic or solid. MRI, MRCP, ERCP, 
and endoscopic ultrasound are all comparably sensitive 
to CT, but reserved for problem solving or special 
circumstances.115

Ultrasound Findings

From 60% to 70% of pancreatic cancers originate from 
the pancreatic head, 25% to 35% are in the body and 
tail, and 3% to 5% are diffuse106,116 (Fig. 7-63). This 
distribution explains in part the good detection rates of 
cancer, because the head and body are more easily seen 
sonographically than the tail. The hallmark of periam-
pullary pancreatic cancer is the double-duct sign, with 
both bile duct dilation (Fig. 7-64) and pancreatic duct 
dilation (Fig. 7-65). Pancreatic ductal adenocarcinoma 
may cause considerable desmoplastic reaction, so even a 
mass that appears eccentric can cause ductal obstruction 
(Fig. 7-66). If a mass in the pancreatic head region is 
found and there is no ductal dilation, lesions other than 
pancreatic ductal adenocarcinoma should be sought.

TRANS

FIGURE 7-63. Diffuse pancreatic carcinoma. Trans-
verse sonogram; fewer than 5% of all ductal adenocarcinomas are 
diffuse.

PANCREATIC CANCER IMAGING: 
THREE KEY CONCEPTS

1. The vast majority of patients with pancreatic 
cancer can be classified as “unresectable for 
cure,” based on the initial ultrasound or CT.

2. Only 10% to 20% of patients require 
sophisticated “resectability” studies, whether 
done with CT, MRI, or ultrasound 
(transabdominal or endoscopic).

3. The survival statistics for patients with pancreatic 
cancer have been exaggerated in the literature. 
The usefulness of surgery is questionable in this 
malignancy.

Resections for pancreatic cancer have been performed for 65 
years, with approximately 20,000 reported. A number of 
authors claim a 5-year survival rate of 30% to 58%. Review 
of the literature reveals only about 1,200 5-year survivors; 
however, 10 times as many individual resected survivors have 
been reported (in various countries), and nonresected 
survivors are overlooked. This high survival percentage is 
obtained by reducing the subset on which calculations are 
based and by using methods such as the Kaplan-Meier 
method, which produces higher figures as increasing 
numbers of patients are lost to follow-up. After adjustments, 
hardly more than 350 resected survivors could be found. 
Revision of statistical methods is urgently needed.

Conlon et al.121 reported that 5-year survival does not 
equal cure. In their series of 118 resected patients, 
median survival was 14.3 months. Twelve patients sur-
vived 5 years after surgery (10.2% of resected patients), 
but five of these 12 patients died of pancreatic cancer in 
the sixth postoperative year. At the time of the report, 
six patients were alive without evidence of disease, at a 
median follow-up of 101 months (range, 82-133 
months). In periampullary tumors other than ductal 
adenocarcinoma, 5-year survival is higher, for example, 
9% versus 36% in the study by Wade et al.125

Despite these grim facts, most surgeons favor an 
aggressive approach, as expressed by Farnell et al.126:

Significant progress has been made in diagnosis, preoperative 
staging, and safety of surgery; however, long-term survival 
after resection is unusual, and cure is rare. That said, the 
authors maintain their aggressive posture regarding this 
disease, recognizing that resection offers the only potential 
for cure.

Because of prevailing surgical opinion, radiologists 
will continue to be asked to do studies to assess the 
potential resectability of pancreatic cancer in the 10 to 
20% of patients in whom the initial study does not show 
advanced disease.

Detection of Pancreatic Cancer

Sonography and CT are the primary tools used to detect 
focal pancreatic disease, especially pancreatic carcinoma 
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(15%) (Fig. 7-68; Video 7-5). Postobstructive pseudo-
cysts were found in four patients (6%) (Fig. 7-69), 
similar to the 5% to 10% of patients reported in a review 
article.130 Such pseudocysts may be caused by obstructive 
pancreatitis.131 Glandular atrophy may occur from 
obstruction caused by a tumor. This atrophy is more 
easily appreciated with CT than ultrasound. It is impor-
tant to remember that masses caused by chronic pancre-
atitis can closely simulate periampullary cancers. Very 

Reviewing findings in 62 patients with pancreatic car-
cinoma, Yassa et al.106 found that tumors were ovoid or 
spherical in 37 patients (60%) and irregular in 25 (40%). 
Forty tumors (65%) deformed the shape of the gland, 
whereas six lesions (10%) caused no glandular contour 
abnormality and were visualized only because tumor 
echogenicity differed from that of the normal pancreas. 
Thirty-four tumors (55%) were homogeneously 
hypoechoic compared with the normal pancreas, 25 
(40%) had heterogeneous echotexture (Fig. 7-67), two 
(3%) were homogeneously hyperechoic, and one (2%) 
was isoechoic. Many of the heterogeneous tumors were 
predominantly hypoechoic with areas of varied echo-
genicity. Calcifications were noted in four patients (6%) 
and small, intratumoral cystic areas in nine patients 
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FIGURE 7-64. Large pancreatic carcinoma. Longitu-
dinal oblique sonogram shows large, hypoechoic mass (M) 
obstructing the extrahepatic common bile duct (CBD).

Trans
OBL

Mass

A
IVC

Store in p

FIGURE 7-65. Pancreatic carcinoma. Transverse sono-
gram shows hypoechoic mass obstructing the pancreatic duct. 
Note the “beaded” pattern of the dilated, obstructed duct. A, 
Aorta; IVC, inferior vena cava.
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FIGURE 7-66. Eccentric pancreatic ductal adeno-
carcinoma. Longitudinal oblique sonogram shows that this 
carcinoma may cause considerable fibrosis (desmoplastic reaction) 
and obstruct the extrahepatic bile duct. Thus, even this mass (M), 
which appears somewhat distant from the common bile duct 
(CBD), can cause ductal obstruction.

PD

FIGURE 7-67. Heterogeneous, mainly echogenic 
pancreatic carcinoma. Transverse sonogram shows tumor 
obstructing the extrahepatic bile duct. Increased echogenicity 
(white arrow) is unusual in pancreatic ductal adenocarcinoma. 
This heterogeneous cancer causes a double-duct sign with pancre-
atic duct dilation (PD). The intrahepatic duct dilation is manifest 
as dilated minor ducts (yellow arrows).
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cular invasion (venous or arterial), lymphadenopathy, 
and metastatic disease. Image findings of unresectabil-
ity are reliable (PPV ≈ 100%). Only rarely can such a 
tumor be resected for cure at surgery. Conversely, many 
tumors believed resectable because of their imaging 
appearance are discovered to be unresectable at surgery. 
Unfortunately, even “resectable” patients with local 
disease have 5-year survival of only 10%121 to 20%.117

As noted, only a small percentage of patients who have 
no evidence of advanced disease on initial imaging 
studies (10%-20%) require sophisticated resectability 
studies, whether done with transabdominal ultrasound, 
CT, MRI, or endoscopic ultrasound.132,133 In this subset 
of pancreatic cancer patients, most U.S. radiologists 
prefer to use CT or MRI rather than ultrasound. Other 
techniques include endoscopic ultrasound134 and posi-
tron emission tomography (PET).135 The usefulness of 
three-dimensional (3-D) workstation–reconstructed 
thin-section MDCT evaluation of pancreatic tumors, 
pioneered by Jeffrey and his group at Stanford,136,137 is 
unmistakable. No comparative data are available, but 
these CT images undoubtedly show more abnormalities 
than transabdominal ultrasound. MDCT has clear 
advantages for duodenal and retroperitoneal invasion, as 
well as for detection of malignant lymph nodes. It is 
unclear, however, how many resectability CT scans 
would be needed if resectability sonograms were done 
first. Sonography, especially with color Doppler, can be 
effective in detecting patients who are unresectable for 
cure.129,138-141 Our data showed a predictive value of 
100% for unresectability.139 In the prediction of resect-
ability, however, 40% of patients thought to be poten-
tially resectable at color Doppler ultrasound were found 
unresectable at surgery. Given these facts, it seems best 
to use less invasive ultrasound to screen the subgroup of 
patients needing resectability studies, reserving 3-D 
MDCT for those with no sonographic signs of advanced 
disease.142

few carcinomas have internal flow that can be imaged on 
color Doppler.

Resectability Imaging

As the safety of pancreaticoduodenectomy (Whipple 
procedure) improves, some surgeons have become more 
aggressive. Also, with advances in surgery, many pancre-
atic cancers are technically resectable. Unfortunately, the 
technical ability to resect does not equate to improved 
outcome (compared to no resection).

Findings that suggest unresectability for cure include 
tumor larger than 2 cm, extracapsular extension, vas-
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FIGURE 7-68. Cystic area in pancreatic ductal ade-
nocarcinoma. Transverse sonogram shows a complex mass in 
the pancreatic head. Small, intratumoral cystic areas (arrow) are 
present in about 10% to 15% of pancreatic cancers. These cysts 
can be seen in chronic pancreatitis as well, rendering this feature 
unhelpful in differentiating the two conditions. D, Duodenum; 
LRV, left renal vein.
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FIGURE 7-69. Pancreatic ductal adenocarcinoma causing “obstructive pseudocyst.” A, Transverse sonogram 
reveals a subtle cancer in the body of the pancreas (yellow arrows) with a pseudocyst peripheral to the mass (white arrow). B, CT image 
at a similar level shows identical findings.
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be very useful in evaluating the resectability of pancreatic 
neoplasms. Any future evaluation of imaging and man-
agement of pancreatic tumors should include color flow 
sonography. A Polish study found that the diagnostic 
accuracy of routine, color, and power Doppler and 3-D 
ultrasound was comparable to that of helical CT in detect-
ing and staging pancreatic carcinoma.122 The use of ultra-
sound contrast agents shows some promise to improve 
the sonographic evaluation of pancreatic tumors,143 but 
this is currently an investigational technique.

CYSTIC PANCREATIC LESIONS

Understanding cystic pancreatic lesions is increasingly 
important because improved imaging techniques result 
in the detection of progressively more of these lesions, 

Color Doppler Ultrasound

We have developed a technique to assess the resectability 
of pancreatic tumors using color Doppler sonography.139 
Images are obtained with a large-footprint, curved linear 
array transducer, using compression technique and color 
Doppler sonography to evaluate the relationship of the 
tumor mass to critical vessels, including the main portal 
vein, SMV (Fig. 7-70), splenic vein, left renal vein, and 
IVC. Arteries evaluated include the aorta, celiac axis (Fig. 
7-71), splenic and common hepatic arteries, and SMA 
(Fig. 7-72; Video 7-6). Anatomic variations are noted 
in the figures. Vessels that are touched or occluded by 
tumor are categorized according to a pancreatic color 
Doppler score. Other factors affecting resectability 
(metastasis, enlarged nodes) are recorded (Table 7-4).

Color Doppler flow sonography can correctly predict 
unresectability in 80% or more of pancreatic carcinoma 
patients. Most of these patients would then require less 
CT and subsequent imaging evaluation, thus decreasing 
expense and the need to use more invasive tests.

Although almost ignored in recent U.S. studies of 
imaging in pancreatic and periampullary neoplasms, 
much evidence indicates that color flow sonography can 
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FIGURE 7-70. Pancreatic ductal adenocarcinoma 
narrowing superior mesenteric vein. Longitudinal 
oblique spectral Doppler sample volume was swept from the pre-
stenotic lower-velocity region to the poststenotic area (high veloc-
ity). Color Doppler image reveals the area of stenosis (arrow).
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FIGURE 7-71. Pancreatic ductal adenocarcinoma encasing celiac axis and aorta. A, Transverse color Doppler 
sonogram shows a hypoechoic mass (arrows) that encases the aorta (A) and celiac axis. B, CT image at a similar level shows the same 
findings. This lesion is clearly unresectable for cure.

PANCREATIC CANCER IMAGING: 
SUGGESTED APPROACH

• Color Doppler ultrasound should be used to 
screen patients for resectability of pancreatic 
cancer.

• Multidetector CT or other examinations may 
then be used in patients with no sonographic 
evidence of advanced disease.
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pancreatic cystic lesions 3 cm or less were benign. Inter-
nal septations were associated with borderline or in situ 
malignancy in 10 of 50 cases (20%). Other surgeons 
believe that resection of these lesions is a better 
approach.68,147 The usefulness of tumor markers and cyst 
fluid cytology is debated.68,148-150 Most agree that high-
risk patients and features should be managed more 
aggressively, including symptomatic patients, growth  
of the cyst on serial studies, tumor greater than 3 cm  
in diameter, internal soft tissue, and mural or septal 
thickening.
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FIGURE 7-72. Pancreatic ductal adenocarcinoma encasing superior mesenteric artery (SMA). A, Longitudinal 
color Doppler sonogram shows that hypoechoic mass, which also encases the celiac axis, narrows the SMA (arrow). B, Transverse color 
Doppler sonogram in a different patient demonstrates much more subtle encasement (arrowheads). Ductal adenocarcinoma narrows and 
occludes veins much more frequently than arteries. This narrowing is equivalent to classic angiographic encasement.

TABLE 7-4. PANCREATIC COLOR 
DOPPLER SCORE (PCDS)

SCORE DESCRIPTION

PCDS 0 Tumor does not touch a vessel.
PCDS 1 Tumor touches, 1%-24% around the vessel 

circumference.
PCDS 2 Tumor touches, 25%-49% around the vessel 

circumference.
PCDS 3 Tumor touches, 50%-99% around the vessel 

circumference.
PCDS 4 Tumor encased, 100% around the vessel 

circumference.
PCDS 5 Vessel invaded or occluded.

often as incidental findings.67,144,145 New concepts and 
pathologic definitions of cystic neoplasms, especially 
mucinous and intraductal papillary forms, have altered 
the approach to diagnosis and management of these 
lesions.

Although the number of cystic lesions of the pancreas 
detected is increasing because of improved imaging tech-
niques,144,145 pancreatic pseudocyst remains the most 
common, accounting for 75% or more of all cystic 
lesions.67 A careful history must be obtained to rule out 
previous acute or chronic pancreatitis, so as to minimize 
the chance of confusing pseudocyst with other cystic 
masses. Nonpseudocyst lesions include simple cysts and 
cystic neoplasms. Although certain image features may 
be helpful, the differential diagnosis of cystic lesions, 
especially when small, is unreliable by CT or MRI. Visser 
et al.72 found that, even when their diagnostic certainty 
was 90% or greater, characterization was unreliable.

Fortunately, it appears safe to follow unilocular pan-
creatic cystic lesions with a diameter 3 cm or less67 (Fig. 
7-73). Sahani et al.146 reported that 35 of 36 unilocular 

SMV

C

SMA

IVC

AO
LRV

FIGURE 7-73. Benign pancreatic cyst (presumed). 
Transverse color Doppler sonogram shows 2-cm cyst discovered 
incidentally on abdominal sonogram and followed for 4 years 
without a change in size. It is generally safe to follow such lesions. 
C, Cyst; AO, aorta; LRV, left renal vein; IVC, inferior vena cava; 
SMA, superior mesenteric artery; SMV, superior mesenteric vein.
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posed of myriad tiny cysts, generally too small to be 
individually resolved sonographically (Fig. 7-76, A). The 
multiple reflective interfaces caused by the walls of the 
tiny cysts leads to an echogenic appearance, analogous to 
that of infantile polycystic kidney disease. Through-trans-
mission is usual. On CT, SCN appears as water density 
(mean density of cysts). Larger cysts (1-3 cm in diameter) 
often are present at the periphery of the lesion (Fig. 7-76, 
B). A radially oriented, fibrous pattern occurs in a minor-
ity of patients,145 and a central calcification is often present 
(30%-50%) (Fig. 7-77). Small lesions (<2 cm) may 
appear identical to simple cysts. This pattern is common 
in the serous oligocystic adenoma variant.150

Intraductal Papillary  
Mucinous Neoplasm

Intraductal papillary mucinous neoplasm (IPMN) was 
unreported before 1982;158 other names include intra-
ductal papillary mucinous tumor (IPMT), intraductal 
mucin-hypersecreting neoplasm, and ductectatic muci-
nous neoplasm.150 Unlike MCN, IMPN arises from the 
pancreatic ducts, usually in the head of the pancreas. 
IMPN occurs in an older population than with MCN 
and affects men and women equally.

Mucin is secreted into the ducts, causing prominent 
dilation (Fig. 7-78) and sometimes mucin extrusion 
from the ampulla of Vater.157 IPMN often presents as 
acute pancreatitis. Both benign and malignant lesions 
can cause bile duct obstruction159 (Fig. 7-79). IPMN 
ranges from a benign to an overtly malignant lesion. 
Invasive adenocarcinoma is seen in approximately  
30% of resected cases. Invasive or in situ carcinomas are 
likely present in about 70% of patients.145 The overall 
5-year survival for patients with a resected IPMN is  

Simple Pancreatic Cysts

Simple pancreatic cysts are rare in the general popula-
tion, with a prevalence of 0.2%151 to 1.2%.147 These low 
percentages may be underestimated because imaging152 
and autopsy153 studies have recorded a substantially 
higher prevalence, about 20% and 24.3%, respectively. 
Our experience suggests that the lower prevalence rates 
are closer to the actual experience in clinical imaging. 
Detecting a simple pancreatic cyst should raise suspicion 
of an inherited disease that has a high prevalence of cysts, 
such as autosomal dominant polycystic kidney disease 
(ADPKD)154 or von Hippel–Lindau (VHL) disease.155 
Multiple pancreatic cysts can also occur in cystic 
fibrosis.156

Multiple pancreatic cysts are more common in VHL 
disease than in ADPKD. Prevalence of pancreatic cysts 
in VHL patients ranges from 50% to 90%, making 
pancreatic cysts the most common lesion in VHL 
disease.155 Thus, multiple simple pancreatic cysts should 
suggest the diagnosis of VHL (Figs. 7-74 and 7-75). In 
addition to simple cysts, other pancreatic lesions associ-
ated with VHL include serous cystic neoplasm and pan-
creatic endocrine tumors, with a slightly increased risk 
of ductal adenocarcinoma.155

Cystic Neoplasms

Cystic tumors of the pancreas account for about 10% of 
cystic pancreatic lesions. Although most solid tumors are 
ductal adenocarcinomas with a poor prognosis, cystic 
tumors are usually either benign lesions or low-grade 
malignancies. Malignant cystic tumors account for about 
1% of all pancreatic malignancies.68 Mucinous tumors 
(IPMN, MCN) are often malignant. The risk of malig-
nancy is greater in older individuals. Reliable prevalence 
data are difficult to find.157 Table 7-5 lists the most 
common tumors in order of prevalence.

Serous Cystic Neoplasm

Serous cystic neoplasm (SCN), previously known as 
“microcystic adenoma,” is a benign tumor, although a few 
invasive, malignant examples have been reported.68,157 
SCN occurs more frequently in women and is most often 
found in the pancreatic head.150 These lesions are com-

Conf
Spl V

FIGURE 7-74. Von Hippel–Lindau (VHL) disease 
with multiple pancreatic cysts. Transverse sonogram 
shows multiple simple pancreatic cysts (arrows), which should 
suggest the diagnosis of VHL because simple cysts are rare and 
usually single, and multiple cysts in polycystic disease are also rare.

HIGH-RISK FEATURES OF CYSTIC 
PANCREATIC LESIONS

Symptomatic patients
Growth on serial examinations
Diameter >3 cm
Internal soft tissue
Mural or septal thickening
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The hallmark of IPMN on ultrasound is ductal dila-
tion (Fig. 7-80; also Figs. 7-78 and 7-79). Findings 
include lobulated multicystic dilation of the branch 
ducts, diffuse dilation of the main pancreatic duct, and 
intraductal papillary tumors.161 Because mucin has a 
sonographic appearance that may be similar to debris  
or sludge (Video 7-7), the degree and extent of ductal 
dilation may be more difficult to appreciate on ultra-
sound than on CT or T2-weighted MRI. Calcification 
is rare.

Mucinous Cystic Neoplasm

Mucinous cystic neoplasms (MCNs) arise as de novo 
cystic tumors, unlike IPMNs, which arise from the pan-
creatic ducts. MCNs occur most often in the pancreatic 
body but may occur anywhere in the gland.160 
MCNs may be unilocular and simulate a simple cyst but 
generally have up to six internal loculations. Internal 
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FIGURE 7-75. Multiple pancreatic cysts in VHL. A, 
Transverse sonogram of pancreas shows multiple pancreatic cysts, 
suggesting the diagnosis von Hippel–Lindau disease. B, Longitu-
dinal sonogram of the right kidney shows associated VHL lesions: 
multiple renal cell carcinomas (RCC) and a large renal cyst. C, 
CT image at a similar level shows myriad pancreatic cysts and 
some of the right-sided RCCs. A small, left-sided RCC is noted 
(arrow).

TABLE 7-5. PREVALENCE OF CYSTIC 
PANCREATIC LESIONS

RANK* NEOPLASM

1 Serous cystic neoplasm (microcystic adenoma)
2 Intraductal papillary mucinous neoplasm (IPMN)
3 Mucinous cystic neoplasm (MCN)
4 Solid-pseudopapillary tumor (SPT)
5 Other cystic tumors

*Subjective estimate based on author’s experience.

over 70%.157 Controversy surrounds the evolving 
management of these patients. Some believe that asymp-
tomatic patients or those with lesions of branch duct 
origin can be observed or treated with segmental 
pancreatectomy.160



A

TRANS

B

FIGURE 7-76. Serous cystic neoplasm (SCN). A, Oblique sonogram shows classic SCN findings, with many tiny cysts, radial 
architecture, and a central calcification. No normal pancreas is shown. B, Transverse sonogram shows classic SCN findings, including 
many tiny cysts; a small, central calcification (arrow); and a few larger, more peripheral cysts. No normal pancreas is shown. (Case courtesy 
of R. Brooke Jeffrey, MD.)
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FIGURE 7-77. Serous cystic neoplasm. A, Transverse sonogram shows lesion through the spleen and left kidney. Calcifications 
and some larger peripheral cysts are noted. SPL, Spleen; LK, left kidney. B, CT image, rotated and cropped to match the ultrasound 
image, shows the dense calcifications to advantage.

TRANS

Debris
filled
duct

FIGURE 7-78. Intraductal papillary mucinous neo-
plasm (IPMN). Transverse sonogram shows massively dilated 
main pancreatic duct (arrows) filled with mucin, characteristic of 
main duct IMPN.
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“low malignant potential,” or may be overtly malignant. 
Thus, MCNs are generally best managed as malignant 
lesions.

Solid-Pseudopapillary Tumor

Solid-pseudopapillary tumor (SPT) is the most recent 
name advocated by the World Health Organization163 
and is found most frequently in young female patients. 
Previous names include solid and cystic tumor, solid and 
papillary epithelial neoplasm, papillary-cystic neoplasm, 
papillary cystic epithelial neoplasm, papillary cystic 
tumor, and Franz tumor. Franz first described SPT in 
1959.164 About 15% of SPTs are malignant. The likeli-
hood of malignancy increases with patient age.150 Resec-
tion is generally curative.

The SPT occurs most often in the tail of the pancreas. 
SPTs are usually round, encapsulated masses165 with 
variable amounts of necrotic, cystic-appearing areas and 
soft tissue foci (Fig. 7-82). The cavities in SPTs are not 
“true” cysts but rather necrotic regions containing blood 
and debris.157 Central and rim calcifications have been 
reported in 29% of patients.150 Buetow et al.166 described 
31 cases studied with ultrasound, CT, and MRI and 
noted variable echotexture; anechoic and hypoechoic 
areas were seen centrally. Through-transmission was seen 
in all cases in which internal cystic areas were grossly 
depicted, regardless of the echotexture.

Rare Cystic Tumors

Virtually any imaginable histology has been reported as 
a “necrotic” or “cystic” lesion of the pancreas.156,167-169 In 
general, there is no characteristic ultrasound appearance 
for these rare tumors.

septations may be few or many, quite thin or thick, and 
papillary; internal debris is common (Fig. 7-81). Calci-
fications, usually linear and peripheral, occur in about 
15% to 20% of lesions. MCN is found in perimeno-
pausal women as thick-walled multilocular cystic masses, 
usually in the tail of the pancreas157 (Video 7-8).

The MCN is the lesion most likely to be confused 
with pseudocyst because of their similar appearance in 
some cases. MCN shares histologic and prognostic simi-
larities with mucinous ovarian cystic tumors. Because of 
the newer pathologic definition that requires the pres-
ence of ovarian stroma in MCN, these tumors are now 
rarely diagnosed in men.157,162 Mucinous tumors, previ-
ously classified as MCNs in men, would likely now be 
considered IPMNs. The MCN may be benign, may have 

FIGURE 7-79. Intraductal papillary mucinous neo-
plasm. Longitudinal oblique sonogram shows IPMN causing 
massive bile duct obstruction. Both benign and malignant IMPTs 
can cause bile duct obstruction.

A B

FIGURE 7-80. Intraductal papillary mucinous neoplasm. IPMN with main and branch duct involvement. A, Transverse 
sonogram shows lobulated dilation of the branch ducts and diffuse dilation of the main pancreatic duct. B, Transverse sonogram of 
pancreatic head and proximal body shows dilation of branch ducts in the enlarged head.
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tumor is small; that is, the endocrine manifestations 
cause clinical symptoms before the tumor grows enough 
to cause problems because of its size, invasion, or metas-
tasis. About 90% of PETs are hyperfunctioning. Non-
hyperfunctioning tumors cause no endocrine-related 

OTHER PANCREATIC MASSES

Pancreatic Endocrine Tumors

Pancreatic endocrine tumors (PETs) are a small but 
important group of pancreatic neoplasms, previously 
called “islet cell tumors” or neuroendocrine tumors. 
Formerly thought to arise from pancreatic islets, these 
tumors are now believed to originate from neuroendo-
crine stem cells in the duct epithelium.170 PETs are rare, 
with an annual incidence of approximately 5 cases per 
million.171 PETs constitute 1% to 5% of pancreatic 
neoplasms.172 The two different presentations depend 
on whether there is endocrine hyperfunction.173 Hyper-
functioning lesions tend to present clinically when the 
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FIGURE 7-81. Mucinous cystic neoplasm (MCN)—three 
different patients. A, Transverse sonogram with patient in right 
anterior oblique position shows lesion with relatively few locules but 
considerable solid components. B, Transverse sonogram shows that 
this complex lesion has more soft tissue–appearing internal echoes than 
other MCNs previously seen. Virtually no normal pancreas is shown. 
C, Classic mucinous cystic neoplasm. Transverse sonogram shows 
MCN filled with debris and with multiple individual locules separated 
by thin septations. A few peripheral calcifications are present (arrows).

RARE CYSTIC TUMORS

Acinar cell cystadenocarcinoma
Cystic choriocarcinoma
Cystic lymphangioma
Cystic teratoma
Cystic pancreatic endocrine tumor
Metastases, other
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abdominal ultrasound, CT, or endoscopic ultrasound.175 
MDCT is superior to sonography in detecting small 
endocrine tumors,174 but sometimes ultrasound shows 
lesions that are occult on CT. It is difficult to image 
PETs with conventional transabdominal sonography; 
they are usually small when the patient presents with 
hormonal abnormalities. Insulinomas and gastrinomas 
are frequently less than 2 cm in diameter. Sensitivity of 
detection with ultrasound varies. Detection rates for 
insulinomas range from 9%176 to 65%.175 The sensitivity 
of ultrasound in the detection of gastrinoma is only 20% 
to 30%.177 Sonographically, most hyperfunctioning 
PETs are small (1-3 cm), round or oval, hypoechoic 
masses with smooth margins. Intraoperative sonography 
is the most sensitive and accurate means of evaluating 
these neoplasms (Fig. 7-86). Many consider it manda-
tory in the surgical treatment of hyperfunctioning 
PETs.175

symptoms. Therefore, these tumors must be larger  
to present clinically—because of pain,174 mass effect, or 
if malignant, invasion and metastasis114 (Fig. 7-83). 
Incidental detection of smaller, nonhyperfunctioning 
tumors is becoming more frequent (Figs. 7-84 and 
7-85).

Insulinomas and gastrinomas are the most common 
hyperfunctioning PETs (about 80% of all PETs); others 
are rare (Table 7-6). Hyperfunctioning PETs tend to be 
small and, with the exception of insulinoma, malignant. 
When a hyperfunctioning PET is suspected, preopera-
tive localization is appropriate. Choice of modality 
depends on institutional preference and includes trans-

FIGURE 7-82. Large solid-pseudopapillary tumor 
(SPT). Transverse sonogram shows a large SPT in the pancreatic 
tail, the most common location for these tumors. SPTs are usually 
round with variable amounts of necrotic, cystic-appearing areas 
and soft tissue foci. The cavities in SPTs are not “true” cysts but 
rather necrotic regions containing blood and debris.
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FIGURE 7-83. Pancreatic endocrine tumor (PET), 
nonhyperfunctioning. Longitudinal oblique color Doppler 
sonogram shows 5-cm, hypoechoic malignant tumor large enough 
to cause bile duct obstruction, requiring stenting. Internal color 
flow is typical with PETs.
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FIGURE 7-84. Small, nonhyperfunctioning PET. 
Transverse sonogram shows 9-mm hypoechoic nonhyperfunction-
ing pancreatic endocrine tumor discovered incidentally during an 
abdominal ultrasound. Distal pancreatectomy was performed.

TABLE 7-6. PANCREATIC ENDOCRINE 
TUMORS (PETS)

TUMOR TYPE
LOCATED IN  
PANCREAS SIZE All PETs

Hyperfunctioning
Insulinoma 90%-100% 2-3 cm 45%
Gastrinoma 40%-60% 1-2 cm 35%
Others 10%
VIPoma 90%
Glucagonoma 100%
Somatostatinoma 50%-60%
Carcinoid PET 100%

Nonhyperfunctioning
All tumors 5+ cm 10%

VIP, Vasoactive intestinal polypeptide.
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from the more common pancreatic ductal adenocarci-
noma. Sonographic findings that suggest the diagnosis 
are (1) prominent internal color flow (rare in carcinoma) 
(Video 7-9), (2) lack of biliary or pancreatic ductal dila-
tion in a pancreatic head lesion, and (3) lack of progres-
sion or metastasis on serial imaging.

Unusual and Rare  
Pancreatic Neoplasms

On ultrasound, many histologic variants of pancreatic 
ductal adenocarcinoma are indistinguishable from 
tumors with the usual histologic features. These include 
adenosquamous cell carcinoma, anaplastic carcinoma, 
and pleomorphic giant cell carcinoma. Acinar center cell 
carcinoma and pleomorphic giant cell carcinoma, 
although often indistinguishable from ductal adenocar-
cinoma, may be larger and may exhibit central necrosis. 
Primary pancreatic lymphoma is prohibitively rare, 
although adenopathy or diffuse involvement from more 
generalized disease occurs with some frequency.115 Other 
rare pancreatic tumors include connective tissue origin 
tumors (sarcomas), pancreaticoblastomas, dysontoge-
netic cysts, and metastases.178,179

Lipoma

In contrast to the usual echogenic appearance of fat  
and fatty lesions, pancreatic lipomas are usually 
hypoechoic180,181 (Fig. 7-87). Other lipomas may have a 
mixed appearance, with a variable amount of internal 
echoes, or may appear hyperechoic. The cause of 
hypoechoic fat is not known but may involve the number 
of blood vessels, amount and thickness of connective 
tissue stroma, number of fibrous septae that separate fat 
lobules, and amount of water content in the fat.180,182

Sonographically, the larger, nonhyperfunctioning 
PETs are usually well defined and round or oval (see 
Figs. 7-83 and 7-85). They generally appear hypoechoic 
compared to the normal parenchyma. These tumors may 
have cystic changes and calcification.177 The larger, non-
hyperfunctioning PETs may be difficult to differentiate 

FIGURE 7-85. Small, nonhyperfunctioning PET. Longitudinal sonogram and magnified color Doppler sonogram, show 2-cm 
pancreatic endocrine tumor indenting the superior mesenteric artery (arrow). PET is hypervascular on color Doppler.

10 mm insulinoma

FIGURE 7-86. Insulinoma on intraoperative ultra-
sound. This 10-mm lesion was discovered because of hyperin-
sulinism. Functional pancreatic endocrine tumors are typically 
found when smaller than nonhyperfunctioning lesions because of 
the presenting endocrine symptoms. Intraoperative ultrasound is 
considered mandatory in many institutions for the surgical man-
agement of PETs. (Courtesy Dr. Hisham Tchelepi.)
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Metastatic Tumors

In autopsy series, metastasis is the most common pancre-
atic neoplasm, found about four times as often as pan-
creatic cancer.179 Clinical discovery of metastasis was rare 
until the advent of modern imaging.183 Pancreatic metas-
tases are rarely clinically significant because they generally 
occur late in patients with widespread metastatic disease. 
Primary tumors that most often metastasize to the pan-
creas include renal cell carcinoma (RCC), breast carci-
noma, lung carcinoma (Fig. 7-88), melanoma, colon 
carcinoma, and stomach carcinoma.115,179,183

A

L

L

B

FIGURE 7-87. Pancreatic lipoma. A, Transverse sonogram of almost anechoic pancreatic lipoma (L). In contrast to the usual 
echogenic appearance of fat and fatty lesions, pancreatic lipomas are usually hypoechoic. B, CT image confirms the fatty nature of the 
lesion. (Case courtesy Dr. Vinay Duddlewar.)

FIGURE 7-88. Lung carcinoma metastasis to pan-
creas. Longitudinal sonogram shows typical hypoechoic metas-
tasis. Pancreatic metastases are the most common pancreatic 
neoplasm in autopsy series but are rarely found clinically because 
they generally occur late with widespread metastatic disease.

FIGURE 7-89. Renal cell carcinoma metastasis to 
pancreas. Longitudinal color Doppler sonogram shows hyper-
vascular metastasis. Differentiation from a hypervascular pancre-
atic endocrine tumor may be difficult in these cases.

With metastasis to the pancreas, there may be a long 
interval between initial diagnosis of the primary lesion 
and discovery of the metastasis. This is especially true of 
RCC and, to a lesser degree, melanoma. Klein et al.183 
found that the mean delay between discovery of the 
primary RCC and metastasis was 10 years; the longest 
interval was more than 24 years. A classic scenario is the 
discovery of a hypervascular mass (or masses) in the 
pancreas of a patient who had a remote, presumably 
cured RCC (Fig. 7-89). Differential diagnosis from a 
hypervascular PET may be difficult in such cases.
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CONTRAST-ENHANCED 
ULTRASOUND

Contrast-enhanced ultrasound (CEUS) shows promise 
as a technique that will be beneficial in both endoscopic 
ultrasound and transabdominal ultrasound of the  
pancreas. At present, CEUS is best considered an experi-
mental technique.94,184 CEUS might be helpful in diag-
nosing pancreatic necrosis in patients with severe acute 
pancreatitis.143
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Gastrointestinal tract sonography is frequently frus-
trating and always challenging. Gas content within the 
gut lumen can make visibility difficult or even impossi-
ble; intraluminal fluid may mimic cystic masses; and 
fecal material may create a variety of artifacts and pseu-
dotumors. Nevertheless, normal gut has a reproducible 
pattern, or gut signature, and a variety of gut pathologies 
create recognizable sonographic abnormalities. Also, in 
a few conditions, such as acute appendicitis and acute 
diverticulitis, sonography may play a primary investiga-
tive role. Further, endosonography, performed with 
high-frequency transducers in the gut lumen, is an 
increasingly popular technique for assessing the esopha-
gus, stomach, and rectum.

ANATOMY AND  
SONOGRAPHIC TECHNIQUE

The Gut Signature

The gut is a continuous hollow tube with four concen-
tric layers (Fig. 8-1). From the lumen outward, these 

layers are (1) mucosa, which consists of an epithelial 
lining, loose connective tissue (or lamina propria), and 
muscularis mucosa; (2) submucosa; (3) muscularis 
propria, with inner circular and outer longitudinal fibers; 
and (4) serosa, or adventitia. These histologic layers cor-
respond with the sonographic appearance1-3 (Table 8-1) 
and are referred to as the gut signature, where up to five 
layers may be visualized (Fig. 8-2). The sonographic 
layers appear alternately echogenic and hypoechoic; the 
first, third, and fifth layers are echogenic, and the second 
and fourth layers are hypoechoic. This relationship of 
the histologic layering with the sonographic layering is 
best remembered by recognition that the muscular com-
ponents of the gut wall—the muscularis mucosa and the 
muscularis propria—constitute the hypoechoic layers on 
sonography.

On routine sonograms, the gut signature may vary 
from a “bull’s-eye” in cross section, with an echogenic 
central area and a hypoechoic rim, to full depiction of 
the five sonographic layers. The quality of the scan and 
the resolution of the transducer determine the degree  
of layer differentiation. The normal gut wall is uniform 
and compliant, with an average thickness of 3 mm if 
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Peristalsis is normally seen in the small bowel and 
stomach. Activity may be increased with mechanical 
obstruction and inflammatory enteritides. Decreased 
activity is seen with paralytic ileus and in the end stages 
of mechanical bowel obstruction.

Gut Wall Pathology

Evaluation of thickened gut on sonography is far supe-
rior to the evaluation of normal gut for two important 
reasons. Thick gut, particularly if associated with abnor-
mality of the perienteric soft tissues, creates a mass 
effect, which is easily seen on sonography. In addition, 
thickened gut is frequently relatively gasless, improving 
its sonographic evaluation.4 Gut wall pathology creates 
characteristic sonographic patterns (Fig. 8-4; Video 
8-1). The most familiar, the target pattern, was first 
described by Lutz and Petzoldt5 in 1976 and later by 
Bluth et al.,6 who referred to the pattern as a “pseudokid-
ney,” noting that a pathologically significant lesion was 
found in more than 90% of patients with this pattern. 
In both descriptions the hypoechoic external rim corre-
sponds to thickened gut wall, whereas the echogenic 
center relates to residual gut lumen or mucosal ulcer-
ation. The target and pseudokidney are the abnormal 
equivalents of the gut signature created by normal gut.

Identification of thickened gut on sonography may be 
related to a variety of pathologies.4 Diagnostic possibili-
ties are predicted by determining the (1) extent and 
location of disease, (2) preservation or destruction of wall 
layering, and (3) concentricity or eccentricity of wall 
involvement. Benignancy is favored by long segment 
involvement with concentric thickening and wall layer 
preservation. The classic benign pathology showing gut 
wall thickening is Crohn’s disease. Malignancy is favored 
by short segment involvement with eccentric disease and 
wall layer destruction. The classic malignant pathology 
showing gut wall thickening is adenocarcinoma of the 
stomach or colon. These are guidelines rather than rules, 
because chronically thickened gut in Crohn’s disease 
may show layer destruction related to fibrotic change, 
and infiltrative adenocarcinoma may show some wall 
layer preservation. Lymphadenopathy and hyperemia of 
the thickened gut wall may be seen in association with 
both malignant and benign gut wall thickening.

Gut wall masses, as distinguished from thickened gut 
wall, may be intraluminal, mural, or exophytic, all with 
or without ulceration (Fig. 8-4). Intraluminal gut masses 
and mucosal masses may have a variable appearance on 
sonography but are frequently hidden by gas or luminal 
content. In contrast, gut pathology creating an exophytic 
mass without or with mucosal involvement or ulceration 
may form masses that are more readily visualized. These 
may be difficult to assign to a gastrointestinal tract origin 
if typical gut signatures, targets, or pseudokidneys are 
not seen on sonography. Consequently, intraperitoneal 
masses of varying morphology, which do not clearly arise 

distended and 5 mm if not. Other morphologic features 
that allow recognition of specific portions of the gut 
include the gastric rugae, valvulae conniventes (plicae 
circulares), and colonic haustrations (Fig. 8-3).

Real-time sonography allows assessment of the content 
and diameter of the gastrointestinal lumen and the 
motility of the gut. Hypersecretion, mechanical obstruc-
tion, and ileus are implicated when gut fluid is excessive. 

Submucosa

Mucosa
Epithelium
Lamina propria
Muscularis mucosa

Muscularis
propria

FIGURE 8-1. Schematic depiction of the histologic 
layers of the gut wall.

HISTOLOGIC LAYERS OF THE GUT

• Mucosa
Consists of an epithelial lining, loose connective 

tissue or lamina propria, and muscularis mucosa
• Submucosa
• Muscularis propria

Consists of inner circular and outer longitudinal 
fibers

• Serosa or adventitia

TABLE 8-1. GUT SIGNATURE: 
HISTOLOGIC-SONOGRAPHIC 

CORRELATION

HISTOLOGY SONOGRAPHY

Superficial mucosa/interface Echogenic
Muscularis mucosa Hypoechoic
Submucosa Echogenic
Muscularis propria Hypoechoic
Serosa/interface Echogenic
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with a short focal zone, allowing optimal resolution of 
structures close to the skin.

Slow, graded pressure is applied. Normal gut will be 
compressed and gas pockets displaced away from the 
region of interest. In contrast, thickened abnormal 
loops of bowel and obstructed noncompressible loops 
will remain unchanged. Patients with peritoneal irrita-
tion or local tenderness will usually tolerate the slow, 
gentle increase in pressure of compression sonography, 
whereas they show a marked painful response if rapid, 
uneven scanning is performed. In women, transvagi-
nal sonography is invaluable for evaluation of the por-
tions of the gut within the true pelvis, particularly the 
rectum and sigmoid colon. On occasion, oral fluid or 
a fluid enema are helpful aids to sonography, if the 
clinician is attempting to determine the origin of a 
documented fluid collection. Further, oral fluid and a 
Fleet enema may improve localization and diagnosis of 

from the solid abdominal viscera or the lymph nodes, 
should be considered to have a potential gut origin.

Imaging Technique

Routine sonograms are best performed when the patient 
has fasted. A real-time survey of the entire abdomen is 
performed with a 3.5-MHz and/or a 5-MHz transducer, 
and any obvious masses or gut signatures are observed. 
The pelvis is scanned before and after the bladder is 
emptied because the full bladder facilitates visualization 
of pathologic conditions in some patients and displaces 
abdominal bowel loops in others. Areas of interest then 
receive detailed analysis, including compression sonog-
raphy7 (Fig. 8-5). Although this technique was initially 
described using high-frequency linear probes, 5-MHz 
and 9-MHz convex linear probes and some sector probes 
work extremely well. The critical factor is a transducer 

FIGURE 8-2. Gut signature: schematic-sonographic correlation. Schematic and corresponding ultrasound images in a 
patient with mild gut thickening caused by Crohn’s disease. The muscle layers (blue) are black or hypoechoic on the sonogram. The 
submucosa and superficial mucosa layers (yellow) are hyperechoic. There is a small amount of fluid and air in the gut lumen on the 
sonogram.
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A B

C D

E F

FIGURE 8-3. Gut recognition. A, Sagittal, and B, cross-sectional, views of the stomach show normal gastric rugae. The collapsed 
stomach shows variable wall thickness. C and D, Valvulae conniventes (plicae circulares) of the small bowel. These are more easily seen 
when there is fluid in the lumen of the bowel (C) or if the valvulae are edematous (D). E and F, Variations in the appearance of the 
colonic haustrations in two normal persons.
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tory disease show increased vascularity compared with 
the normal gut wall (Fig. 8-6), whereas ischemic and 
edematous gut tends to be relatively hypovascular. The 
addition of color and spectral Doppler ultrasound evalu-
ation to the study of the gut wall provides supportive 
evidence that gut wall thickening is caused by either 
ischemic or inflammatory change in the patient with 
acute abdominal pain. Teefey et al.8 examined 35 

intraluminal or intramural gastric masses and rectal 
masses, respectively.

Doppler Evaluation of Gut Wall

Normal gut shows little signal on conventional color 
Doppler because interrogation is difficult in a normal 
and mobile bowel loop. Both neoplasia and inflamma-

A B

FIGURE 8-4. Gut wall pathology. Schematic of sonographic appearances with sonographic equivalents. Top, Intraluminal mass. 
Inflammatory pseudopolyp on sonogram. Middle, Pseudokidney sign, with symmetrical wall thickening and wall layer destruction. 
Carcinoma of the colon on sonogram. Bottom, Exophytic mass. Serosal seed on visceral peritoneum of the gut on sonogram. (From Wilson 
SR. The bowel wall looks thickened: what does that mean? In Cooperberg PL, editor. Radiologic Society of North America categorical course 
syllabus. Chicago, 2002, RSNA, pp 219-228.)
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gastric neoplasms. These tumors arise most often in the 
prepyloric region, the antrum, and the lesser curve, 
which are the most optimally assessed portions of the 
stomach on sonography. Grossly, adenocarcinoma has 
variable growth patterns, including infiltrative, polypoid 
(Fig. 8-7, E and F ), fungating, and ulcerated tumors. 
Infiltration may be superficial or transmural, the latter 
creating a linitis plastica, or “leather bottle,” stomach.

Adenocarcinoma occurs much less frequently in the 
small bowel than in the stomach or large bowel. It accounts 
for approximately 50% of the small bowel tumors found, 
90% of them arising in either the proximal jejunum (Fig. 
8-8, A and B) or the duodenum.9 Crohn’s disease is associ-
ated with a significantly increased incidence of adenocar-
cinoma that usually develops in the ileum. Small bowel 
adenocarcinomas are generally annular in gross morphol-
ogy, frequently with ulceration.

Colon carcinoma is very common, its incidence sur-
passed only by lung and breast cancer. Colon carcinoma 
accounts for virtually all malignant colorectal neoplasms. 
Colorectal adenocarcinoma grows with two major gross 
morphologic patterns: polypoid intraluminal tumors, 
which are most prevalent in the cecum and ascending 
colon, and annular constricting lesions (see Fig. 8-7, 
C and D), which are most common in the descending 
and sigmoid colon. Rarely, infiltrative tumors similar to 
those seen in the stomach may occur in the colon (Fig. 
8-8, C and D).

Most GI tract mucosal cancers are not visualized on 
sonography. However, large masses, either intraluminal 
(see Fig. 8-7) or exophytic, and annular tumors (see Fig. 
8-7, B and C) create sonographic abnormalities.10,11 
Tumors of variable length may thicken the gut wall  
in either a concentric symmetrical or an asymmetrical 
pattern. A target or pseudokidney morphology may be 

patients and found absent or barely visible blood flow 
on color Doppler and absence of arterial signal to be 
suggestive of ischemia. In contrast, readily detected color 
Doppler flow and a resistive index less than 0.6 were 
consistent with inflammation (Fig. 8-6). In my group’s 
experience, we have found color Doppler to be of great 
value in confirming our suspicion of an inflammatory 
gut process.

GASTROINTESTINAL  
TRACT NEOPLASMS

The role of sonography in the evaluation of gastrointes-
tinal (GI) tract neoplasms is similar to that of computed 
tomography (CT) scan. Visualization is rarely obtained 
in early mucosal lesions or with small intramural nodules, 
whereas tumors growing to produce an exophytic mass, 
a thickened segment of gut with or without ulceration 
(see Fig. 8-4), or a sizable intraluminal mass (Fig. 8-7) 
may all be seen. Sonograms are frequently performed 
early in the diagnostic workup of patients with GI tract 
tumors, often before their initial identification. Vague 
abdominal symptomatology, abdominal pain, a palpable 
abdominal mass, and anemia are common indications for 
these scans. Appreciation of the typical morphologies 
associated with GI tract neoplasia may lead to accurate 
recognition, localization, and even staging of disease, with 
the opportunity for directing appropriate further inves-
tigation, including sonography-guided aspiration biopsy.

Adenocarcinoma

Adenocarcinoma is the most common malignant tumor 
of the GI tract. It accounts for 80% of all malignant 

FIGURE 8-5. Schematic of compression sonography. Left, Normal gut is compressed. Middle, Abnormally thickened gut, 
or right, an obstructed loop, such as that seen in acute appendicitis, will be noncompressible. (Based on Puylaert JB. Acute appendicitis: 
ultrasound evaluation using graded compression. Radiology 1986;158:355-360.)
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A B

C D

E F

FIGURE 8-6. Contribution of Doppler to gut assessment in three patients. A and B, Cross-sectional images of the 
ileum proximal to an obstructing lesion. The lumen is distended with fluid. The wall is slightly thick. B, Color Doppler image shows 
marked hyperemia of the gut wall as a reflection of its inflammation. C and D, Transvaginal views in a young woman with right lower 
quadrant pain show the appendix as a round, tubular structure adjacent to the ovary. D, Color Doppler image shows that appendix is 
hyperemic, consistent with inflammation E and F, Transverse images of the ascending colon show wall thickening with total layer destruc-
tion related to invasive colon carcinoma. Neoplastic tumors of the gut invariably show vascularity as here.



A B

C D

E F

S

FIGURE 8-7. Adenocarcinoma of the gut in three patients. A and B, Cancer at gastroesophageal junction. A, Sagittal, 
and B, transverse, sonograms of the upper abdomen show a pseudokidney (arrowheads) adjacent to the left lobe of the liver. C and D, 
Carcinoma of transverse colon. C, Long-axis image of the colon shows a dilated lumen filled with echogenic particulate fluid. D, Distally, 
there is a black, circumferential mass (arrows) with an “apple core” appearance. An enlarged hypoechoic lymph node is just deep to the 
tumor. E and F, Intraluminal villous adenocarcinoma of stomach. E, Transverse sonogram after fluid ingestion shows a relatively well-
defined, inhomogeneous, echogenic mass (arrows) within body of stomach. Fluid is in the stomach lumen (S). F, Confirmatory barium 
swallow shows the villous tumor (arrows).
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tumors frequently become very large and may undergo 
ulceration, degeneration, necrosis, and hemorrhage.12

On sonography, smooth muscle (stromal) tumors 
typically produce round mass lesions of varying size and 
echogenicity, often with central cystic areas13 related to 
hemorrhage or necrosis (Fig. 8-9). Their gut origin is not 
always easily determined, but if ulceration is present, 
pockets of gas in an ulcer crater may suggest their origin. 
Smooth muscle tumors of gut origin should be consid-
ered in the differential diagnosis of incidentally noted, 
indeterminate abdominal masses in asymptomatic 
patients, particularly if they show central cystic or 
necrotic change (Fig. 8-9, E and F ). These tumors are 
very amenable to sonographic-guided aspiration biopsy.

Lymphoma

The gut may be involved with lymphoma in two basic 
forms: as widespread dissemination in stage III or IV 
lymphoma of any cell type or, more often, as primary 

created (see Fig. 8-4, middle). Air in mucosal ulcerations 
typically produces linear echogenic foci, often with 
“ringdown” artifact, within the bulk of the mass. Tumors 
are usually, but not invariably, hypoechoic. Annular 
lesions may produce gut obstruction with dilation, 
hyperperistalsis, and increased luminal fluid of the gut 
proximal to the tumor site.11 Evidence of direct invasion, 
regional lymph node enlargement, and liver metastases 
should be specifically sought in all cases.

Gastrointestinal Stromal Tumors

Of the mesenchymal tumors affecting the gut, those of 
smooth muscle origin are the most common and account 
for about 1% of all GI tract neoplasms. These gastroin-
testinal stromal tumors (GISTs) are found most often in 
the stomach and the small bowel. Colonic tumors are 
the least common and occur most often in the rectum. 
Although GISTs may be found as an incidental observa-
tion at surgery, sonography, or autopsy, these vascular 

A B

C D

FIGURE 8-8. Adenocarcinoma of bowel: sonographic-CT correlation. A, Sonogram, and B, CT scan, show large, 
necrotic, left upper quadrant mass with enlargement of the perienteric lymph nodes (arrow) in a 60-year-old man who presented with 
abdominal discomfort and blood loss. C and D, Infiltrative carcinoma of transverse colon in a 42-year-old black man who presented to 
the emergency department with acute abdominal pain. C, Transverse sonogram of the epigastrium shows a featureless segment of thick 
gut with total loss of wall layering in the location of the transverse colon. Deep to the gut is a diffuse echogenic mass effect (arrow) sug-
gesting infiltrated or inflamed fat. D, Confirmatory CT scan. Neoplasia was not suspected on the basis of either imaging test or at surgery.
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A B

C D

E F

FIGURE 8-9. Gastrointestinal stromal tumors (GISTs) in four patients. A and B, Exophytic gut mass, a gastric leio-
myoma, analogous to Figure 8-4. A, Transverse sonogram of epigastrium shows the normal gastric gut signature and the focal exophytic 
mass. B, After water ingestion, the lumen contains fluid that appears black. The solid mass is now clearly seen. C and D, Gastric leio-
myosarcoma. C, Transverse sonogram after fluid ingestion shows a complex, smooth intramural mass (arrows) projecting into the fluid-
filled stomach lumen (S). D, Confirmatory barium swallow shows the intramural tumor (arrows). E and F, Two patients presented with 
a large, upper abdominal, complex and necrotic-appearing mass on sonography. Although the gut origin of the masses is not evident on 
the images, the correct diagnosis of GIST was suggested based on the appearance. The jejunum is the origin of the tumor in E and the 
stomach in F.
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common observations. This particular pathology has 
been recognized as one of the more frequent presenta-
tions of patients with acquired immunodeficiency syn-
drome (AIDS)–related lymphoma, compared with other 
lymphoma populations. Regional lymph node enlarge-
ment may be visualized, although generalized lymph 
node abnormality is uncommon.

Metastases

Malignant melanoma and primary tumors of the lung 
and breast are the tumors most likely to have secondary 
involvement of the GI tract16 (Fig. 8-11). In order of 
frequency, the stomach, small bowel, and colon are 
involved. Secondary neoplasm affecting the omentum 
and peritoneum may cause ascites, tiny or confluent 
superficial secondary nodules on the gut surface, or 
extensive omental cakes that virtually engulf the involved 
gut loops17,18 (Fig. 8-12). Metastases to the peritoneum 
most often arise from primary tumors in the ovary or the 
gut. A drop metastasis in the pelvic pouch of Douglas 
shows as a small, solid, peritoneal nodule without obvious 
origin from the pelvic viscera.

lymphoma of the GI tract, which is virtually always a 
non-Hodgkin’s lymphoma. Primary tumors constitute 
only 2% to 4% of all GI tract malignant tumors12 but 
account for 20% of those found in the small bowel. 
Three predominant growth patterns are observed: 
nodular or polypoid, carcinoma-like ulcerations, and 
infiltrating tumor masses that frequently invade the adja-
cent mesentery and lymph nodes.9

A B

C D

FIGURE 8-10. Small bowel lymphoma in two patients. A, Transverse left paramedian sonogram shows a hypoechoic round 
mass lesion. Central echogenicity with “ringdown” gas artifact suggests its gut origin. B, Confirmatory CT scan shows large, soft 
tissue mass with corresponding residual gut lumen. C and D, AIDS patient. C, Sonogram shows a focal midabdominal, very hypoechoic 
(black) mass with no wall layer definition, which is classic for gut lymphoma. The luminal gas appears as central bright echogenicity with 
dirty shadowing. D, Confirmatory CT scan.

GROWTH PATTERNS OF LYMPHOMA

Nodular or polypoid
Carcinoma-like ulcerative lesions
Infiltrating tumor masses

Small, submucosal nodules may be easily overlooked 
on sonography. However, many patients have large, 
easily visible, very hypoechoic, ulcerated masses in the 
stomach or small bowel14,15 (Fig. 8-10). Long, linear, 
high-amplitude echoes with ringdown artifacts, indi-
cating gas in the residual lumen or ulcerations, are 
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mucosal inflammation of the colon that shows minimal 
sonographic change, even with acute or long-standing 
disease. Crohn’s disease, by comparison, is a chronic, 
transmural, granulomatous inflammatory process affect-
ing all layers of the gut wall, also showing frequent 
changes in the perienteric soft tissue. Because of this 
unique gross pathology, Crohn’s disease provides the 
major source of IBD patients referred for sonographic 
examination.

Crohn’s disease is a complex process of unknown 
etiology. It most often affects the terminal ileum and the 
colon, although any portion of the gut may be involved. 
Grossly, the gut wall in Crohn’s disease is typically  
very thick and rigid with secondary luminal narrowing. 
Discrete or continuous ulcers and deep fissures are  
characteristic, frequently leading to fistula formation. 

On sonography, small submucosal nodules that tend 
to ulcerate are rarely seen, whereas large, diffusely infil-
trative tumors with large ulcerations are common, par-
ticularly in the small bowel (see Fig. 8-11), where they 
create hypoechoic, well-defined masses that often have 
bright, specular echoes with ringdown artifacts in areas 
of ulceration. Particulate ascites, omental thickening, 
and visceral/parietal peritoneal nodules and plaques all 
should suggest metastatic disease.

INFLAMMATORY BOWEL 
DISEASE: CROHN’S DISEASE

Inflammatory bowel disease (IBD) comprises Crohn’s 
disease and ulcerative colitis. Ulcerative colitis is a 

A B

FIGURE 8-11. Metastatic malignant melanoma to small bowel. A, Transverse paraumbilical sonogram shows well-
defined, hypoechoic mass with central irregular echogenicity with gas artifact suggesting, correctly, its gut origin. B, Confirmatory CT scan.

A B

FIGURE 8-12. Peritoneal metastases in two patients. A, Transvaginal image shows ascites and visceral peritoneal plaque 
from metastatic ovarian cancer as a plaque of soft tissue (arrows) on the surface of the small bowel loop. B, Transvaginal scan of peritoneal 
drop metastasis from stomach primary shows grossly particulate ascites. There is a tiny seed in the vesicouterine angle.
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showed sensitivity and specificity of 88% and 93%, 
respectively, when a bowel wall thickness threshold 
greater than 3 mm was used, and 75% and 97% with a 
threshold greater than 4 mm. In another meta-analysis 
comparing different modalities for diagnosis of IBD, 
mean sensitivity estimates for the diagnosis on a per-
patient basis were high and not significantly different 
among the imaging modalities: 89.7%, 93.0%, 87.8%, 
and 84.3% for ultrasound, magnetic resonance imaging 
(MRI), scintigraphy, and CT, respectively.22

Gut wall thickening in Crohn’s disease is most fre-
quently concentric and may be marked.23,24 Wall echo-
genicity varies depending on the degree of inflammatory 
infiltration and fibrosis. Stratification with retention of 
the gut layers is typical (Fig. 8-13, A and B; see also Fig. 
8-2). A target or pseudokidney appearance is possible in 
acute disease or long-standing fibrotic disease as the gut 
wall layering is progressively lost (Fig. 8-13, C and D). 
Long-standing and often burnt-out disease may also 
show subtle wall thickening with fat deposition in the 
submucosa, which appears as increased echogenicity  
of this layer (Fig. 8-13, E and F). Actively involved 
gut typically appears rigid and fixed, with decreased or 
absent peristalsis. Skip areas are frequent. Involved seg-
ments vary in length from a few millimeters to many 
centimeters.

Creeping Fat

Mesenteric edema and fibrosis are also characteristic of 
Crohn’s disease, producing a mass in the mesentery adja-
cent to the diseased gut that may creep over the border 
of the abnormal gut or completely engulf it. Fat creeping 
onto the margins of the involved gut creates a uniform 
echogenic halo around the mesenteric border of the gut, 
with a thyroid-like appearance in cross section (Fig. 
8-14). It may become more heterogeneous and even 
hypoechoic in long-standing disease. Creeping fat is the 
most common cause of gut loop separation seen on 
gastrointestinal contrast studies.19 It is also the most 
striking and detectable abnormality on sonography of 
patients with perienteric inflammatory processes (Fig. 
8-15). Therefore, detection of creeping fat should lead 
to a detailed evaluation of the regional gut.

Lymphadenopathy

Tender and enlarged mesenteric and perienteric nodes 
are common features of the active phase of inflammation 
with Crohn’s disease (Fig. 8-16). Lymphadenopathy is 
observed much less in the inactive phase. The nodes 
appear as focal hypoechoic masses circumferentially  
surrounding the gut and in the expected location of  
the mesenteric attachment. Nodes are frequently quite 
round and typically lose the normal linear echogenic 
streak from the nodal hilum. Similar to the gut, the 
lymph nodes show hyperemia as a reflection of their 

Mesenteric lymph node enlargement and matting of 
involved loops are common. The mesentery may be 
greatly thickened and fatty, creeping over the edges of 
the gut to the antimesenteric border. Recurrence after 
surgery and perianal disease are classic features.

Characterized by frequent exacerbations and remis-
sions, with disease onset often in young adults, the 
chronic nature of Crohn’s disease is well assessed by a 
noninvasive, sensitive modality, such as sonography. 
Although barium study and endoscopy remain the major 
tools to evaluate mucosal and luminal abnormality, 
sonography, similar to CT, offers valuable additional 
information about the gut wall, lymph nodes, mesentery, 
and regional soft tissues. Baseline examination deter-
mines the extent and activity of disease by assessing the 
classic features of Crohn’s disease: gut wall thickening, 
creeping fat, hyperemia, mesenteric lymphadenopathy, 
strictures, and mucosal abnormalities. Sonography also 
predicts complications: inflammatory masses (phleg-
mon or abscess), fistulas, obstruction, perforation, and 
appendicitis.19 Further, ultrasound detects postoperative 
recurrence and identifies patients who require more inva-
sive imaging techniques.19 Radiation exposure is signifi-
cant in the younger population with Crohn’s disease, if 
a CT scan is performed with each exacerbation. Sonog-
raphy is therefore our routine evaluation technique for 
patients with this diagnosis.

CROHN’S DISEASE:  
SONOGRAPHIC FEATURES

CLASSIC FEATURES
Gut wall thickening
Creeping fat
Hyperemia
Strictures
Mesenteric lymphadenopathy
Mucosal abnormalities

COMPLICATIONS
Inflammatory masses
Fistula
Obstruction
Perforation
Appendicitis

Classic Features

Gut Wall Thickening

The most frequently observed abnormality in patients 
with Crohn’s disease, demonstration of gut wall thicken-
ing on sonography is the basis for initial detection, for 
detection of recurrence,20 and for determining the extent 
of disease. In a meta-analysis on the accuracy of sonog-
raphy in detecting Crohn’s disease, Fraquelli et al.21 
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FIGURE 8-13. Gut wall thickening in three patients with Crohn’s disease. A, Cross-sectional, and B, sagittal, views 
showing the typical thickening in active disease with wall layer retention; arrow, lymph node. C, Cross-sectional, and D, sagittal, views 
show complete loss of wall layering, as seen with very active disease. E, Sonogram, and F, corresponding CT image, of the terminal ileum 
in a patient with burnt-out disease and fatty deposition in the submucosa, which appears echogenic on the sonogram. (C and D from 
Wilson SR. The bowel wall looks thickened: what does that mean? In Cooperberg PL, editor. Radiologic Society of North America categorical 
course syllabus. Chicago, 2002, RSNA, pp 219-228.)
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(p < .05). More recently, Serra et al.27 showed that con-
trast-enhanced ultrasound (CEUS) performed with a 
second-generation microbubble contrast agent is a more 
sensitive and reproducible technique than Doppler. 
CEUS allows both qualitative and quantitative evaluation 
of hyperemia of the bowel wall by looking at the pattern 
of enhancement, as well as the ratio between the major 
thickness of the enhanced layer on CEUS and the thick-
ness of the entire wall section, as shown on gray-scale 
sonography (Fig. 8-17, C; Video 8-3).

Strictures

Strictures relate to rigid narrowing of the gut lumen and 
fixed acute angulations. The luminal surfaces of involved 
segments of gut most often appear to be in fixed constant 
apposition, with the lumen appearing as a linear echo-
genic central area within a thickened gut loop (Figs. 8-18 
and 8-19; Video 8-2). This is in contrast to thickened 

inflammation. Nodes are usually of moderate size. Larger 
nodes, over 3 cm in diameter, suggest a malignant com-
plication of Crohn’s disease.

Hyperemia

Evaluation of blood flow is a useful tool to monitor 
inflammatory activity and response to therapy. Activity 
of inflammatory change is shown to correlate with hyper-
emia, as seen on color Doppler evaluation25 (Fig. 8-17). 
Although subjective, this addition of color Doppler to 
gray-scale sonography is valuable supportive evidence of 
inflammatory change in the gut and adjacent inflamed 
fat19 (see Fig. 8-6, A-D; Video 8-2). Further, van Oostayen 
et al.26 showed that blood flow measurement in the supe-
rior mesenteric artery also correlated with disease activity; 
blood flow values were significantly higher (826 ± 
407 mL/min) in 15 patients with active disease than in 
14 patients without active disease (323 ± 103 mL/min) 
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FIGURE 8-14. Creeping fat in Crohn’s disease. A, Long-axis view of thickened terminal ileum (TI). Wall layering is preserved. 
B, Cross-sectional view of TI shows a hyperechoic mass effect (arrows) along the medial border of the gut representing creeping fat. 
C, Confirmatory CT scan shows both the thick wall of the TI and the streaky fat (arrows). D, Subsequent barium study shows separation 
of loops of small bowel in the same location. Creeping fat is the most common explanation for this bowel separation.
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A B

C

FIGURE 8-15. Inflamed fat in two patients. A, Long-
axis, and B, cross-sectional, images of the sigmoid colon in a 
patient with Crohn’s disease show gut wall thickening. Inflamed 
fat in the sigmoid mesentery shows an echogenic mass effect, 
mainly on the deep border of the abnormal gut in A. In B the fat 
(arrows) creeps around the margins of the gut loop. C, Rectosig-
moid colon on a transvaginal scan in a patient with generalized 
edema and ascites. The perienteric fat (arrows) is thick and echo-
genic. The gut loop shows a fluid-filled lumen and mild gut wall 
thickening.

A B

FIGURE 8-16. Lymphadenopathy in two patients with Crohn’s disease. A, Transverse image in the right lower quad-
rant shows a thick terminal ileum in cross section. There is inflamed fat in the location of the mesentery. A mesenteric node (arrow) shows 
as a small, solid, hypoechoic mass within the fat. B, Multiple mesenteric nodes of varying size show as hypoechoic soft tissue masses within 
the mesentery, optimally shown in an oblique plane between the region of the ileocecal valve and the aortic bifurcation.
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FIGURE 8-17. Hyperemia in Crohn’s disease. A, Cross-
sectional view shows thickened ileum, with wall layer preservation. 
B, Addition of color Doppler at the transducer default selection. 
C, In the arterial phase of contrast-enhanced ultrasound (CEUS), 
the bowel wall shows transmural enhancement. This correlates with 
clinical disease activity. CEUS is an even more sensitive method to 
show transmural enhancement of the bowel wall at the peak of 
arterial phase enhancement. See also Video 8-3.

sections, where the luminal diameter may be maintained 
(Fig. 8-20). Incomplete mechanical obstruction may be 
inferred if dilated, hyperperistaltic segments are seen 
proximal to a stricture. Peristaltic waves from the 
obstructed gut, proximal to a narrowed segment, may 
produce visible movement through the strictured 
segment (Video 8-4). Less often, involved segments of 
gut may show luminal dilation with sacculation, as well 
as narrowing, and the retained lumen may be of variable 
caliber (Video 8-5). Concretions and bezoars may 
develop in gut between strictured segments. Parente 
et al.28 showed that bowel ultrasound is an accurate tech-
nique for detecting small bowel strictures, especially in 
patients with severe disease who are candidates for 
surgery.

Mucosal Abnormalities

Conglomerate masses may be related to clumps of matted 
bowel, inflamed edematous mesentery, increased fat 
deposition in the mesentery, and infrequently, mesen-
teric lymphadenopathy. Involved loops may demon-
strate angulation and fixation resulting from retraction 
of the thickened fibrotic mesentery.

Complications

In experienced hands, sonography is an accurate method 
for the detection of intestinal complications in Crohn’s 
disease. It is therefore an excellent first choice at times 
of acute exacerbation in this patient population.29
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an abscess and being a potential source of sonographic 
error, particularly if large quantities are present. Abscesses 
may be intraperitoneal or extraperitoneal or may be in 
remote locations such as the liver, abdominal wall (Fig. 
8-21, H and I), and psoas muscles.

Fistula Formation

This characteristic complication of Crohn’s disease 
occurs most often at the proximal end of a thickened, 
strictured segment of bowel (Video 8-6). Although 

Inflammatory Masses

Inflammatory masses involving the fibrofatty mesentery 
are the most common complication of Crohn’s disease, 
although the development of abscesses with drainable 
pus occurs infrequently. Before the stage of liquefaction, 
phlegmonous change may be noted as poorly defined, 
hypoechoic zones without fluid content in areas of 
inflamed fat (Fig. 8-21). Abscess formation results in a 
complex or fluid-filled mass (Fig. 8-21, G and H). Gas 
content within an abscess is helpful in both suggesting 
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FIGURE 8-18. Strictures in three patients with Crohn’s disease. A, Long-axis, and B, short-axis, sonograms show a 
diffusely thickened loop of gut, the ileum proximal to the ileocecal valve, and narrowing of the central echogenic lumen. Mesenteric fat 
is inflamed. C, Confirmatory fluoroscopic image from a small bowel enema shows the long, tight stricture in the ileum. D, Long-axis, 
and E, short-axis, sonograms of the terminal ileum show an abrupt transition in the caliber of the gut (arrow). The gut proximal to the 
arrow is dilated and fluid filled. The distal gut has a stricture, confirmed on F, the small bowel enema. G, Long-axis image of the neoter-
minal ileum shows a thickened, featureless wall with a caliber alteration (arrows). H, Short-axis image through the stricture shows the 
thickened wall and surrounding inflamed fat. I, Confirmatory CT scan.



A B

C

FIGURE 8-19. Small bowel angulation in three 
patients. A, B, and C, Long-axis views of acute small bowel 
angulation, predisposing to stricture and mechanical bowel 
obstruction.

A B

FIGURE 8-20. Segment of involved gut proximal to a strictured segment. A, Long-axis, and B, cross-sectional, 
images show thickening of the gut wall with layer preservation in a patient with Crohn’s disease. The lumen is fluid filled and substantial 
in caliber.
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the fistula during the sonographic study, the fistula will 
usually appear bright or echogenic, with or without ring-
down artifact related to air in the tract. Conversely, if 
the tract is empty or partially closed, the fistula may 
appear as a black or hypoechoic tract (Fig. 8-23, B and 
C). Palpation of the abdomen during the examination 
may produce movement of fluid or air through the 
fistula, assisting in its identification.

mucosal ulcerations are not well assessed on sonography, 
deep fissures in the gut wall appear as echogenic linear 
areas penetrating deeply into the wall beyond the margin 
of the gut lumen (Figs. 8-22 and 8-23). With fistula 
formation, linear bands of varying echogenicity can be 
seen extending from segments of abnormal gut to the 
skin (Fig. 8-23, C), bladder (Fig. 8-23, A), vagina, or 
other abnormal loops. If there is gas or movement in  

A B C
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FIGURE 8-21. Inflammatory masses in Crohn’s disease. Top row, Phlegmons (P). A, Loop of thick sigmoid colon is seen 
in cross section. Adjacent to the margin is a poorly defined, hypoechoic zone within extensive inflamed fat. B, Transverse sonogram 
in the right lower quadrant shows a thick terminal ileum superficially. Within the extensive inflamed fat is a poorly defined, hypoechoic 
zone representing the phlegmon. C, Confirmatory CT scan. Middle row, Inflammatory masses, with air but no drainable pus. D, 
Transverse image of the right lower quadrant shows abundant inflamed fat. Centrally, there is a small fluid collection or abscess (A) with 
small, echogenic shadowing foci (arrows) caused by air bubbles. E, Cross-sectional sonogram through the terminal ileum shows gut thick-
ening, echogenic inflamed fat, and a poorly defined, focal hypoechoic area deep to the gut. Bubbles of gas outside the gut are seen as 
bright, echogenic foci (arrow) on sonography. F, Confirmatory CT scan. Bottom row, Drainable abscesses. G, Large, interloop fluid 
collection. H, Sonogram, and I, confirmatory CT scan, show a superficial fluid collection with small gas bubbles in the anterior abdominal 
wall. (B, E, F, H, and I from Sarrazin J, Wilson SR. Manifestations of Crohn disease at ultrasound. Radiographics 1996;16:499-520.)
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should alert the sonographer to possible underlying 
localized perforation.

Perianal Inflammatory Problems

Perianal inflammation is a frequent and debilitating 
complication of Crohn’s disease. Highly complex, trans-
sphincteric tracts may extend to involve the deep tissues 
of the buttocks (Fig. 8-25), perineum, scrotum (men), 

Localized Perforation

Although free perforation of the bowel is rare in Crohn’s 
disease, localized perforation with phlegmonous masses 
contained within the surrounding perienteric inflamma-
tory fat is common. Spiking of the border of acutely 
inflamed gut is characteristic (Fig. 8-24). On occasion, 
an air-containing tract may be identified, traversing the 
bowel wall into the perienteric fat. Phlegmonous masses 
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FIGURE 8-22. Enterovesical fistula in Crohn’s disease. A and B, Cross-sectional images of the terminal ileum show wall 
thickening and hyperemia. C, Air in the bladder appears as nondependent bright echoes with dirty shadowing. D and E, Long-axis views 
of the ileum show the hyperemia and the constant luminal apposition, consistent with stricture. F, Bladder with the luminal air and an 
air-containing tract from the bladder to the adjacent bowel. G, Dilated, fluid-filled bowel proximal to the thickening, suggesting incomplete 
mechanical bowel obstruction. H and I, Coronal CT images confirming that the bladder air and inflammatory mass are related to the 
bladder dome. See also Video 8-6.
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of the perirectal lymph nodes The principles of interpre-
tation of perianal inflammatory disease are discussed 
later under Endosonography.

ACUTE ABDOMEN

Sonography is a valuable imaging tool in patients who 
may have specific gastrointestinal disease, such as acute 
appendicitis or acute diverticulitis.32 However, its contri-
bution to the assessment of patients with possible GI tract 
disease is less certain. Seibert et al.33 emphasized the value 
of ultrasound in assessing the patient with a distended 
and gasless abdomen and detecting ascites, unsuspected 
masses, and abnormally dilated, fluid-filled loops of small 
bowel. In my experience, sonography has been helpful 
not only in the gasless abdomen, but also in a variety of 
other situations. Sonography may add greatly to diagnos-
tic acumen if used in conjunction with plain radiography, 
CT, and other imaging modalities. The real-time aspect 
of sonographic study allows for direct patient-sonogra-
pher/physician interaction, with confirmation of palpa-

and labia and vagina (women). Unlike commonly 
encountered perianal fistulas based on the cryptoglandu-
lar theory, fistulas in Crohn’s disease have no predilec-
tion for the location of the internal openings and are 
highly complex. Transrectal ultrasound (TRUS) is 
often requested in patients with rectal Crohn’s disease or 
perianal pathology and may successfully show abscesses 
and fistulous tracts. However, we have not had uniform 
success with this procedure, which is often painful and 
noncontributory in this particular population. In con-
trast, in patients of either gender, we have found trans-
perineal scanning to be a more comfortable and often 
more informative technique, alone or in combination 
with TRUS.30 Further, in women, transvaginal scan con-
tributes greatly to our assessment of rectal and perirectal 
disease. It is also ideal for showing enterovesical, entero-
vaginal, and rectovaginal fistulas.31 If bladder symptoms 
are present, we recommend that transvaginal sonography 
be performed with a partially full bladder. Rectal involve-
ment in Crohn’s disease is characterized by (1) thicken-
ing of the rectal wall with wall layer preservation, (2) 
inflammation of the perirectal fat, and (3) enlargement 
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FIGURE 8-23. Fistulas in four patients with Crohn’s disease. A and B, Enterovesical fistulas. A, Image shows a tract 
between the abnormal gut (G) and the bladder (B). An air bubble within shows as a bright, echogenic focus (arrow). B, Hypoechoic tract 
connects an inflammatory mass (M) to the bladder (B). C, Enterocutaneous fistula. Hypoechoic tract runs from a loop of abnormal gut 
(G) to the skin surface (arrow). D, Rectovaginal fistula on transvaginal sonogram appears as a bright, air-containing tract (arrow) coursing 
from the rectum (R) to the vagina (V).
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genic focus, but the identification of the artifacts associ-
ated with the gas pockets usually leads to their detection. 
These include both ringdown artifacts and “dirty” shad-
owing. Extraluminal gas may be intraperitoneal or ret-
roperitoneal, and its presence should suggest either 
hollow viscus perforation (Fig. 8-26, A and B) or infec-
tion with gas-forming organisms34 (C and D). Nonlumi-
nal gas may be easily overlooked, particularly if the 
collection is large. Gas in the wall of the GI tract, pneu-
matosis intestinalis, with or without gas in the portal 
veins, raises the possibility of ischemic gut.

Free intraperitoneal gas may be difficult to detect on 
sonography, and suspicion of its presence should prompt 
a recommendation for further imaging. The potential for 
large artifacts from gas to obscure visualization of part 

ble masses and focal points of tenderness. The doctrine 
“scan where it hurts” is invaluable and has led sonogra-
phers to describe the value of the sonographic equivalent 
to clinical examination with such descriptors as a sono-
graphic Murphy’s sign or sonographic McBurney’s sign. 
Similar to the radiographic approach to plain film inter-
pretation, a systematic approach is essential in the sono-
graphic assessment of the abdomen in a patient with an 
acute abdomen of uncertain etiology.

The abdominal ultrasound evaluation should include 
visible gas and fluid (to determine their luminal or 
extraluminal location), the perienteric soft tissues, and 
the GI tract itself. Identification of gas in a location 
where it is not usually found is a clue to many important 
diagnoses. The gas itself may appear as a bright, echo-
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FIGURE 8-24. Localized perforation with phlegmon. Two young women with acute flare of Crohn’s disease symptoms. In 
first patient, A, cross sectional, and B, long-axis, images of the bowel show wall thickening and a deep hypoechoic mass with fingerlike 
projections into the surrounding perienteric fat, suggesting phlegmon. Also, on A, air appears as a bright focus extending beyond the 
lumen of the bowel into the bowel wall, suggesting localized perforation. In second patient, C, Cross sectional image of the ileum shows 
a large area of disruption of the bowel wall, an adjacent hypoechoic phlegmon, and an air tract from localized perforation. D, Long-axis 
image of loop of ileum shows that the wall is uniformly thickened with layer preservation. The phlegmon is on the margin of the bowel 
and not shown in the longitudinal view.
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appears as a bright, continuous, echogenic line, and that 
air adjacent to the peritoneal stripe produces enhance-
ment of this layer, because the gas has a higher acoustic 
impedance to sound waves than does the peritoneum 
itself (Fig. 8-26, A and B). Careful peritoneal assessment 
is best done with a 5-MHz probe or even a 7.5-mHz 
probe, with the focal zone set at the expected level of the 
peritoneum. In a clinical situation, enhancement of the 
peritoneal stripe is a highly specific but insensitive sign 
to detect pneumoperitoneum.35

Loculated fluid collections can mimic portions of 
the GI tract. Left upper quadrant and pelvic collections 
suggestive of the stomach and rectum may be clarified 
by adding fluid orally and rectally. Assessing peristaltic 
activity and wall morphology also helps in distinguishing 
luminal from extraluminal collections. Interloop and 
flank collections are aperistaltic and tend to correspond 
in contour to the adjacent abdominal wall or intestinal 
loops, frequently forming acute angles, which are rarely 
seen with intraluminal fluid.

The appearance of the perienteric soft tissues is fre-
quently the first and most obvious clue to abdominal 
pathology on abdominal sonograms. Inflammation of 
the perienteric fat shows as a hyperechoic mass effect (see 
Fig. 8-15), often without the usual appearance of normal 
gut and its contained small pockets of gas. Neoplastic 
infiltration of the perienteric fat is often indistinguish-
able from inflammatory infiltration on ultrasound (see 
Fig. 8-8, C and D).

Mesenteric adenopathy is another manifestation 
of both inflammatory and neoplastic processes of the  
gut that should be specifically sought when performing 

A B

FIGURE 8-25. Perianal inflammatory Crohn’s disease. A, Axial image of the anal canal shows an internal opening (arrow) 
posteriorly at 6 o’clock. A transphincteric fistula runs to a large, horseshoe-shaped posterior abscess more optimally shown in B, which 
also shows deeper collections in the left buttock.

ACUTE ABDOMEN:  
SONOGRAPHIC APPROACH
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or all of a sonographic image leads many to avoid the 
challenge of ultrasound interpretation, with a preference 
for CT scan. However, there are valuable clues to the 
presence of intraperitoneal gas on sonography.

The likelihood of gas artifacts between the abdominal 
wall and the underlying liver to be related to free intra-
peritoneal gas was well described by Lee et al.34 In my 
group’s work, we have found that the peritoneal stripe 
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FIGURE 8-26. Value of gas for sonographic diagnosis in two patients. A and B, Pneumoperitoneum A, Sonogram 
shows a bright, echogenic focus representing free air between the abdominal wall and liver. Also shown is enhancement of the peritoneal 
stripe. B, Confirmatory plain film. C and D, Unsuspected gas-containing abscess, secondary to acute diverticulitis in a renal transplant 
recipient. C, Transvaginal image shows a large, gas-containing mass (arrows) posterior to the uterus. D, CT scan confirms gas-containing 
abscess. This type of abscess may be very difficult to appreciate on suprapubic scan. (B from Muradali D, Wilson S, Burn PN, et al. A 
specific sign of pneumoperitoneum on sonography: enhancement of the peritoneal stripe. AJR Am J Roentgenol 1999; 17:1257-1262.)

abdominal sonography. As elsewhere, lymph nodes tend 
to change in size and shape when replaced by abnormal 
tissue. A normal, oval or flattened lymph node with a 
normal linear hilar echo becomes increasingly round and 
hypoechoic with either inflammatory or neoplastic 
replacement. In contrast to the sonographic appearance 
of loops of gut, mesenteric lymph nodes typically appear 
as focal, discrete hypoechoic masses of varying size (see 
Fig. 8-16). Their identification on sonography suggests 
enlargement because they are not usually seen on routine 
examinations. Abnormal masses related to or causing a 
GI tract abnormality should also be sought; these most 
often are neoplastic or inflammatory in origin.

Right Lower Quadrant Pain

Acute Appendicitis

Acute appendicitis is the most common explanation for 
the “acute abdomen presentation” to an emergency 
department. Patients typically have right lower quadrant 
(RLQ) pain, tenderness, and leukocytosis. A mass may 
also be palpable. The patient with a classic presentation 
usually has an appendectomy without preoperative 
imaging. This approach often becomes complicated 
when a normal appendix is removed in a patient with 
symptomatology caused by other factors. On the other 
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compromising venous return. The mucosa becomes 
hypoxic and ulcerates. Bacterial infection ensues, eventu-
ally with gangrene and perforation. A walled-off abscess 
is more common than free peritoneal contamination.

Acute appendicitis begins with transient, visceral, or 
referred crampy pain in the periumbilical area associated 
with nausea and vomiting. Coincident with inflamma-
tion of the serosa of the appendix, the pain shifts to the 
RLQ and may be associated with physical signs of peri-
toneal irritation. Both clinical and experimental data 
support the belief that some patients have repeated 
attacks of appendicitis.43,44 Surgical specimens have 
shown chronic inflammatory infiltrate in patients with 
recurrent attacks of RLQ pain before appendectomy.

In 1986, Puylaert7 described the value of graded com-
pression sonography in the evaluation of 60 consecu-
tive patients suspected of having acute appendicitis. 
Since then, other investigators have improved the sono-
graphic criteria for diagnosis, firmly establishing the 
value of sonography in assessing patients with equivocal 
evidence of appendicitis. The accuracy afforded by 
sonography should keep negative laparotomy rates at 
approximately 10%, clearly an improvement over the 
rate achieved by “instinct” alone.45

Puylaert’s initial reports of success in diagnosing acute 
appendicitis with compression sonography depended 
solely on visualization of the abnormal appendix, a 
blind-ended, noncompressible, aperistaltic tube arising 
from the tip of the cecum with a gut signature (Fig. 
8-27). However, other investigators reported seeing 
normal appendices on a sonogram46,47 (Fig. 8-28). The 
normal appendix is compressible, with a wall thickness 
of 3 mm or less.48 Jeffrey et al.45 concluded that size can 
differentiate the normal from the acutely inflamed 
appendix. Threshold levels for the diameter of the 
appendix, above which acute appendicitis is highly likely, 
have been set at either 6 mm or 7 mm, with a resultant 

hand, surgery may be delayed in some patients with 
acute appendicitis if the presentation is atypical. This 
approach may lead to perforation before the surgery, 
making it a complicated and difficult procedure, often 
followed by abscess formation. In the clinical literature, 
laparotomy resulting in removal of normal, noninflamed 
appendices is reported in 16% to 47% of cases (mean, 
26%).36,37 Also, perforation may occur in up to 35% of 
patients.38 It is a balance between this negative laparot-
omy rate and the perforation rate at surgery that moti-
vates cross-sectional imaging before initiating treatment 
for the patient who presents with acute RLQ pain. For 
a patient with suspected appendicitis, the sonographic 
objectives are to identify the patient with acute appen-
dicitis, to identify the patient without acute appendicitis, 
and in this latter population, to identify an alternate 
explanation for the RLQ pain.

Symptoms of appendicitis overlap with a variety of 
other gastrointestinal conditions, including acute typh-
litis, acute mesenteric adenitis, variations of Crohn’s 
disease, right-sided diverticulitis, acute segmental infarc-
tion of the omentum, and in women, acute gynecologic 
conditions.39 It is important to recognize that not only 
can other conditions suggest acute appendicitis, but that 
acute appendicitis may also suggest other diagnoses, par-
ticularly acute pelvic inflammatory disease (PID). This 
occurs most often when the appendix is located in the 
true pelvis, in which case acute inflammatory change 
may implicate the uterine cervix and ovaries on clinical 
examination. The appendix is usually located caudal to 
the base of the cecum. It may also be retrocecal and 
retroileal. In a minority of patients, the appendix may 
be located in the true pelvis; this is the situation that 
causes diagnostic confusion, most often mistaken diag-
nosis with gynecologic disease.

From a retrospective review of 462 patients with  
suspected appendicitis who underwent appendectomy, 
Bendeck et al.40 found that women in particular benefit 
most from preoperative imaging, with a statistically sig-
nificant, lower negative appendectomy rate than women 
with no preoperative imaging. No similar improvement 
was found in the negative appendectomy rate for girls, 
boys, or men.

Both CT and ultrasound provide sensitive and accu-
rate diagnosis of appendicitis. The choice of imaging 
modality is determined somewhat by local expertise.41 
Some institutions also screen patients on the basis of 
their weight, sending thin patients for ultrasound and 
reserving CT for larger patients. These considerations 
aside, we recommend sonographic evaluation of all 
women—with the addition of transvaginal scan for all 
patients whose pain is still not explained after comple-
tion of a traditional suprapubic pelvic sonogram.

The pathophysiology of acute appendicitis likely 
involves obstruction of the appendiceal lumen, with 
35% of cases demonstrating a fecalith.42 Mucosal secre-
tions continue, increasing the intraluminal pressure and 

ACUTE APPENDICITIS:  
SONOGRAPHIC DIAGNOSIS
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FIGURE 8-27. Acute appendicitis in three patients: spectrum of appearances. A, C, and E, Long-axis views show 
the blind-ended tip of the appendix. C, Tip is directed to the left of the image as the appendix ascends cephalad from its origin from the 
cecum. B, D, and F, Corresponding cross-sectional views. The appendix looks round in short axis on all cases, and the lumen is distended 
with fluid. The appendix is surrounded with inflamed fat. The gut signature is preserved in the top two cases (A-D). The bottom case (E, 
F) shows loss of definition of the wall layers, suggesting gangrenous change.
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cal presentation is frequently that of PID. This particular 
pathology is optimally studied with transvaginal place-
ment of the ultrasound probe because the appendix is 
often intimately related to either the uterus or the ovaries. 
The sonographic features required for diagnosis are  
identical, although the origin of such an appendix from 
the base of the cecum may be impossible to determine 
on transvaginal sonography, and compression with  
the ultrasound probe is often not feasible. Nonetheless, 
the identification of the blind-ended tip of the appendix 
with an increased diameter, luminal distention, and 
inflammation of the surrounding fat is obvious (Fig. 
8-29). If rupture of a pelvic appendix has occurred before 
the sonogram, the identification of a pelvic abscess 
without identification of the appendix itself may produce 
an equivocal result as to the source of the pelvic inflam-
matory problem.

Although the sensitivity of sonography for the diag-
nosis of appendicitis decreases with perforation, features 
statistically associated with its occurrence include locu-
lated pericecal fluid, phlegmon or abscess, prominent 
pericecal or periappendiceal fat, and circumferential loss 
of the submucosal layer of the appendix51 (Fig. 8-30, 
A and B). False-positive diagnosis for acute appendicitis 
may occur if a normal appendix or a thickened terminal 

change in sensitivity and specificity. Sonographic visual-
ization of an appendix with an appendicolith, regardless 
of appendiceal diameter, should also be regarded as a 
positive test. Rettenbacher et al.49 added assessment of 
appendiceal morphology in confirming suspicion of 
appendicitis. A round or partly round appendix had a 
high correlation with acute appendicitis, whereas an 
ovoid appendix did not (see Fig. 8-27). Color Doppler 
is also contributory, showing hyperemia in the appendi-
ceal wall in the acutely inflamed appendix.

Lee et al.50 described graded compression sonography 
with adjuvant use of a posterior manual compression 
technique for diagnosis of acute appendicitis. Using 
graded compression sonography alone, the authors 
achieved visualization of the vermiform appendix in 485 
of 570 patients (85%). Use of a posterior manual com-
pression technique identified the vermiform appendix in 
an additional 57 of the remaining 85 patients, increasing 
the number of identified vermiform appendices to 542 
(95%).

The appendix positioned in the true pelvis may show 
subtle evidence of inflammation on a suprapubic scan 
because the pathology may be deep in the pelvic cavity. 
In our experience, this occurs most often in women, 
possibly related to a more capacious pelvis, and the clini-

A B

FIGURE 8-28. Normal appendix. A, Long-axis image, and B, cross-sectional image, show the normal appendix (A) arising from 
the base of the cecum (C). The appendix shows a gut signature, a blind end, and measures 6 mm or less in diameter.

A B

FIGURE 8-29. Value of transvaginal sonography for diagnosis of acute appendicitis. A, Long-axis view of the 
appendix on transvaginal sonography was the only view to show the blind-ended tip of the fluid-distended appendix. B, Appendix is large, 
fluid-filled, thick-walled structure and shows a shadowing appendicolith.
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C D

E F

FIGURE 8-30. Perforation of appendix in three patients. A, Long-axis image, and B, cross-sectional image, show the 
blind-ended appendix. There is loss of definition of the wall layers, and the appendix is surrounded by an echogenic mass effect represent-
ing inflamed fat in the mesoappendix. In A, arrow points to a bubble of extraluminal gas at the tip of the appendix; tip perforation was 
confirmed at surgery. C, Sonogram, and D, CT scan, show a periappendiceal fluid collection, or abscess. The decompressed appendix is 
seen centrally on the sonogram. E, Long-axis, and F, transverse, images in the right lower quadrant show an abscess with an escaped 
appendicolith with acoustic shadowing. The appendix is no longer visible. (C from Birnbaum BA, Wilson SR. Appendicitis at the millen-
nium. Radiology 2000;215:337-348.)
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SONOGRAPHY OF APPENDICEAL 
PERFORATION

• Loculated pericecal fluid
Phlegmon
Abscess

• Prominent pericecal fat
• Circumferential loss of submucosal layer of the 

appendix

ileum is mistaken for an inflamed appendix. Awareness 
of the diagnostic criteria stated previously, particularly 
appendiceal diameter and morphology, should minimize 
these errors.

Clinical misdiagnosis of appendicitis occurs most 
frequently in young women with gynecologic condi-
tions, especially acute PID, rupture or torsion of ovarian 
cysts, and postpartum ovarian vein thrombosis. As noted, 
Bendeck et al.40 confirmed that women with suspected 
appendicitis benefit most from preoperative CT or ultra-
sound, with a statistically significant, lower negative 
appendectomy rate than women who undergo no pre-
operative imaging. They concluded that preoperative 
imaging should be part of the routine evaluation of 
women with suspected acute appendicitis.

Diseases other than those of gynecologic origin may 
also be misdiagnosed as acute appendicitis. Gastrointes-
tinal illnesses include acute terminal ileitis with mes-
enteric adenitis,52 acute typhlitis, acute diverticulitis 
(especially of cecal tip diverticulum), and Crohn’s disease 
in the ileocecal area or involving the appendix itself.53 
Urologic disease, especially stone-related and right-sided 
segmental omental infarction, may also mimic acute 
appendicitis. Addressing the value of sonography in 
establishing an alternative diagnosis in patients with sus-
pected acute appendicitis, Gaensler et al.54 found that 
70% of patients with another diagnosis had abnormali-
ties visualized on the sonogram.

Crohn’s Appendicitis

Patients with Crohn’s disease may present with acute 
appendicitis caused by inflammatory bowel involvement 
of the appendix, in contrast to acute suppurative appen-
dicitis. The wall of the appendix typically is extremely 
thickened and hyperemic with wall layer preservation, 
and the luminal surfaces are often in apposition53 (Fig. 
8-31). This appearance contrasts with that in suppura-
tive appendicitis, where luminal distention is the expec-
tation and wall thickening is moderate at best.

Crohn’s appendicitis is a self-limited process,55,56 and 
treatment may be conservative if the appropriate diag-
nosis can be established with noninvasive techniques. In 
a small number of the patients for whom we have sug-
gested this diagnosis, follow-up sonograms have shown 
resolution of the sonographic findings with no disease 

progression. Patients with Crohn’s disease who present 
with Crohn’s appendicitis account for about 10% of 
total presentations. This patient population typically has 
a more benign course. If the appendix is removed surgi-
cally in the mistaken belief that the patient has acute 
suppurative appendicitis, recurrence or progression of 
Crohn’s disease is rare.

Right-Sided Diverticulitis

Acute inflammation of a right-sided diverticulum is dis-
tinct from the more common diverticulitis that is 
encountered in the left hemicolon. These diverticula 
occur more often in women than in men and have a 
predilection for Asian populations. Most patients are 
young adults. Right-sided diverticula are usually solitary 
and are congenital in origin. They are true diverticula 
and therefore have all layers of the gut wall. Their inflam-
mation is associated with RLQ pain, tenderness, and 
leukocytosis, with a mistaken diagnosis of appendicitis 
in virtually all cases.

On sonography, acute diverticulitis is associated with 
inflammation of the pericolonic fat. The diverticula may 
be located in the cecum or the adjacent ascending colon. 
When inflamed, they may have one of two appearances.57 
Most often, the diverticulum may show as a pouch or 
saclike structure arising from the colonic wall58 (Fig. 
8-32). Wall layers are continued into the wall of the 
congenital diverticulum. Hyperemia of the diverticulum 
and the inflamed fat is typical. If a fecalith is present 
within the diverticulum, it may show as a bright, echo-
genic focus located within or beyond a segment of thick-
ened colonic wall. Occasionally, the culprit diverticulum 
may not be evident, and the only observations may be 
the inflamed fat and the focal thickening of the colonic 
wall. In the appropriate clinical milieu, this is highly 
suspicious for acute diverticulitis.

Treatment of acute diverticulitis is conservative and 
not surgical, emphasizing the importance of preoperative 
imaging in patients with RLQ pain attributed to this 
condition.

Acute Typhlitis

Immunocompromised patients are most often affected 
with acute typhlitis, with AIDS patients and those with 
acute myelogenous leukemia accounting for the over-
whelming majority of cases. Cytomegalovirus (CMV) 
and Cryptosporidium are the pathogens isolated most 
often in patients with typhlitis and colitis, although 
other organisms have been implicated. Sonographic 
study most often shows striking concentric, uniform 
thickening of the colon wall, usually localized to the 
cecum and the adjacent ascending colon59 (Fig. 8-33). 
The colon wall may be several times the normal thick-
ness, reflecting inflammatory infiltration throughout the 
gut wall.60,61 Acute abdominal catastrophe in patients 
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B C

with AIDS is usually a complication of CMV colitis with 
deep ulceration and may result in hemorrhage, perfora-
tion, and peritonitis.62 Tuberculous colitis may simi-
larly affect the right colon and is frequently associated 
with lymphadenopathy (particularly involving the mes-
enteric and omental nodes), splenomegaly, intrasplenic 
masses, ascites, and peritoneal masses, all of which may 
be assessed using sonography.

Mesenteric Adenitis  
with Terminal Ileitis

Mesenteric adenitis, in association with acute terminal 
ileitis, is the most frequent gastrointestinal cause of  

misdiagnosis of acute appendicitis. Patients typically 
have RLQ pain and tenderness. On the sonographic 
examination, enlarged mesenteric lymph nodes and 
mural thickening of the terminal ileum are noted. Yer-
sinia enterocolitica and Campylobacter jejuni are the most 
common causative agents.52,63

Right-Sided Segmental  
Omental Infarction

Right-sided segmental infarction of the omentum is a 
rare condition invariably mistaken clinically for acute 
appendicitis.64 Of unknown etiology, it is postulated to 
occur with an anomalous and fragile blood supply to the 

FIGURE 8-31. Crohn’s appendicitis. A, Transverse sono-
gram in the right lower quadrant shows a thick-walled loop of gut 
surrounded by inflamed fat. B, Cross-sectional, and C, long-axis, 
high-frequency linear images of this loop of gut show that it is 
blind ended. There is massive mural thickening and hyperemia. 
The luminal surfaces are in apposition. All changes resolved com-
pletely with conservative management. (From Wilson SR. The 
bowel wall looks thickened: what does that mean? In Cooperberg PL, 
editor. Radiologic Society of North America categorical course 
syllabus. Chicago, 2002, RSNA, pp 219-228.)
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A B

FIGURE 8-32. Right-sided diverticulitis in two patients. Transverse sonograms through the ascending colon (AC) show a 
hypoechoic pouchlike projection, representing the inflamed diverticulum, which arises from A, the lateral wall of the gut, and B, the 
medial border of the gut. Both are surrounded by inflamed fat (arrows).

A B

C

FIGURE 8-33. Acute typhlitis. A, Long-axis view of the 
ascending colon shows marked mural thickening of the cecum and 
the wall of the ascending colon. Wall layer preservation is noted. 
B, Cross-sectional view of the thickened colon (at level of left 
arrow in A), with luminal surfaces in apposition. C, Cross-
sectional view of the cecum (at level of right arrow in A), which 
is thick walled and shows a fluid-filled lumen. (From Wilson SR. 
The bowel wall looks thickened: what does that mean? In Cooperberg 
PL, editor. Radiologic Society of North America categorical course 
syllabus. Chicago, 2002, RSNA, pp 219-228.)
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A B

FIGURE 8-34. Acute omental infarction. A, Sonogram shows a large, tender mass in the right lower quadrant (RLQ; arrows) 
in elderly man with acute RLQ pain. The mass is uniformly echogenic and attenuating, with an ultrasound appearance suggesting inflamed 
fat. B, Confirmatory CT scan.

right lower omentum, making it susceptible to painful 
infarction.65 Patients present with RLQ pain and tender-
ness and are diagnosed clinically with acute appendicitis. 
On sonography, a plaque or cakelike area of increased 
echogenicity, suggesting inflamed or infiltrated fat, is 
seen superficially in the right flank with adherence to the 
peritoneum64 (Fig. 8-34). No underlying gut abnormal-
ity is shown. Because segmental infarction is a self-limited 
process, its correct diagnosis will prevent unnecessary 
surgery. CT scan is confirmatory, showing streaky fat in 
a masslike configuration in the right side of the omentum.

Left Lower Quadrant Pain

The sonographic evaluation of the patient with left lower 
quadrant (LLQ) pain is less problematic than that of the 
patient with pain on the right side. The potential causes 
for RLQ pain are not present for LLQ pain, and acute 
diverticulitis is the explanation for the overwhelming 
majority of cases for which a valid explanation for the 
pain is found. The diagnostic features of acute diver-
ticulitis are also less variable than those for acute appen-
dicitis, making a suspicion of diverticulitis a good 
indication for the use of sonographic examination.

Acute Diverticulitis

Diverticula of the colon are usually acquired deformities 
and are found most frequently in Western urban popula-
tions.66 The incidence of diverticula increases with age,67 
affecting approximately half the population by the ninth 
decade. Muscular dysfunction and hypertrophy are con-
stant associated features. Diverticula are usually multi-
ple, and their most common location is the sigmoid and 
left colon. Acute diverticulitis and spastic diverticulosis 
may both be associated with a classic triad of presenta-
tion: LLQ pain, fever, and leukocytosis. Diverticula may 
also be found singly and in the right colon, where no 

association with muscular hypertrophy or dysfunction 
has been established.

Inspissated fecal material is believed to incite the 
initial inflammation in the apex of the diverticulum 
leading to acute diverticulitis.68 Spread to the peridiver-
ticular tissues and microperforation or macroperforation 
may follow. Localized abscess formation occurs more 
often than peritonitis. Fistula formation, with commu-
nication to the bladder, vagina, skin, or other bowel 
loops, is present in a minority of cases. Surgical speci-
mens demonstrate shortening and thickening of the 
involved segment of colon, associated with muscular 
hypertrophy. The peridiverticular inflammatory response 
may be minimal or extensive.

Sonography appears to be of value in early assessment 
of patients thought to have acute diverticulitis.69,70 
Classic features include segmental thickened gut and 
inflamed diverticula and inflamed perienteric fat. A  
negative scan combined with a low clinical suspicion is 
usually a good indication to stop investigation. However, 
a negative scan in a patient with a highly suggestive clini-
cal picture justifies a CT scan. Similarly, demonstration 
of extensive pericolonic inflammatory changes on the 
sonogram may be appropriately followed by CT scan to 
define better the nature and extent of the pericolonic 
disease before surgery or other intervention.

Because diverticula and smooth muscle hypertrophy 
of the colon are so prevalent, it seems likely that they 
would be frequently seen on routine sonography, but 
this is not the usual experience. However, with the devel-
opment of acute diverticulitis, both the inflamed diver-
ticulum and the thickened colon become evident. 
Presumably, the impacted fecalith, with or without 
microabscess formation, accentuates the diverticulum, 
whereas smooth muscle spasm, inflammation, and  
edema accentuate the gut wall thickening. Identification 
of diverticula on the sonogram strongly indicates 
diverticulitis.71
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Failure to identify gas-containing abscesses or inter-
loop abscesses is the major source of error when using 
sonography to evaluate patients with suspected diverticu-
litis. The meticulous technique of following involved 
thickened segments of colon in long-axis and transverse 
section will help detect even small amounts of extralu-
minal gas.

Sonographic features of diverticulitis include segmen-
tal concentric thickening of the gut wall that is frequently 
strikingly hypoechoic, reflecting the predominant thick-
ening in the muscle layer (see Fig. 8-35); inflamed diver-
ticula, seen as bright, echogenic foci with acoustic 
shadowing or ringdown artifact within or beyond the 
thickened gut wall (Fig. 8-37); acute inflammatory 
changes in the pericolonic fat, seen as poorly defined 
hyperechoic zones without obvious gas or fluid content 

Diverticula are arranged in parallel rows along the 
margins of the teniae coli, so careful technique is required 
to make their identification. After demonstration of a 
thickened loop of gut, the long axis of the loop should 
be determined (Fig. 8-35). Slight tilting of the trans-
ducer to the margins of the loop will increase visualiza-
tion of the diverticula, because they may be on the lateral 
and medial edges of the loop rather than directly anterior 
or posterior. Cross-sectional views are then obtained 
along the entire length of the thickened gut. Abnormali-
ties must be confirmed on both views. Errors related to 
overlapping gut loops, in particular, can be virtually 
eliminated with this careful technique. Identification  
of diverticula on sonography is correlated highly with 
inflammation, because it is unusual to show the diver-
ticula in the absence of inflammation (Fig. 8-36).

A B

C

FIGURE 8-35. Muscular hypertrophy from diver-
ticular colon disease. A, Long-axis sonogram of the sigmoid 
colon shows prominence of the outer muscular layer, the muscu-
laris propria, which appears hypoechoic. The outer longitudinal 
muscle fibers are slightly more echogenic than the inner circular 
muscle fibers. B, Cross-sectional view. C, Characteristic CT scan 
shows the effects of the smooth muscle hypertrophy.
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FIGURE 8-36. Diverticulum of colon. A, Long-axis sonogram, and B, correlative CT scan, show a small pouch (arrows) arising 
from the wall of the descending colon. There is mild inflammatory change in the perienteric fat.

A B

C

FIGURE 8-37. Acute diverticulitis of sigmoid colon in 
three patients. Cross-sectional views of part of the left colon. 
A, Mild prominence of the muscular layer. The diverticulum (arrow) 
shows as a bright, echogenic shadowing focus, possibly related to a 
fecalith within. The wall of the diverticulum is not evident. There is 
minimal inflamed fat. B, Diverticulum (arrow) has a thick, hypoechoic 
wall. There is a small, bright focus centrally, but no shadowing.  
C, Larger focus of echogenicity and shadowing related to an abscess 
that formed at the base of the inflamed diverticulum (arrow). Diver-
ticula frequently show optimally on the cross-sectional images.
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A B

FIGURE 8-38. Pericolonic changes with diverticulitis in two patients. A, Long-axis view of descending colon shows 
a long segment of thickened gut with prominent muscularis propria. Edema of the perienteric fat is striking and shows as a homogeneous 
echogenic mass effect deep to the gut. B, Similarly inflamed fat; phlegmonous change (P) shows as a hypoechoic zone centrally within 
the fat; G, gut.

(Fig. 8-38); and abscess formation, seen as loculated fluid 
collections in an intramural, pericolonic, or remote loca-
tion. With the development of extraluminal inflamma-
tory masses, the diverticulum may no longer be identified 
on sonography, presumably being incorporated into the 
inflammatory process. Therefore, demonstration of a 
thickened segment of colon with an adjacent inflamma-
tory mass may be consistent with diverticulitis, but also 
with neoplastic or other inflammatory disease. Intramural 
sinus tracts appear as high-amplitude, linear echoes, often 
with ringdown artifact, within the gut wall. Typically, the 
tracts are deep, between the muscularis propria and  
the serosa. Fistulas appear as linear tracts that extend from 
the involved segment of gut to the bladder, vagina, or 

adjacent loops. Their echogenicity depends on their 
content, usually gas or fluid. Thickening of the mesentery 
and inflamed mesenteric fat may also be seen (Fig. 8-38).

The sonographic and clinical features of diverticulitis 
are more specific than those of acute appendicitis, and 
errors of diagnosis occur less often. However, torsion of 
appendices epiploicae (omentales) may produce a sono-
graphic appearance so closely resembling acute diverticu-
litis that differentiation may be difficult.71 The inflamed 
or infarcted fat of the appendix shows as shadowing of 
increased echogenicity related to the margin of the colon, 
mimicking an inflamed diverticulum. However, regional 
perienteric inflammatory change is usually minimal, 
with fewer systemic symptoms. The noninflamed colonic 
appendices epiploicae are not visible, except with ascites, 
where they are seen as uniformly spaced, echogenic foci 
along the margins of the colon.

OTHER ABNORMALITIES

Occlusion of the GI tract lumen producing obstruction 
may be either mechanical, where an actual physical 
impediment to the progression of the luminal content 
exists, or functional, where paralysis of the intestinal 
musculature impedes progression (paralytic ileus).72

Mechanical Bowel Obstruction

Mechanical bowel obstruction (MBO) is characterized 
by (1) dilation of the GI tract proximal to the site of 
luminal occlusion, (2) accumulation of large quantities 
of fluid and gas, and (3) hyperperistalsis as the gut 
attempts to pass the luminal content beyond the obstruc-
tion. If the process is prolonged, exhaustion and over-
distention of the bowel loops may occur, with a 
secondary decrease in peristaltic activity. There are three 
broad categories of mechanical obstruction: obturation 

SONOGRAPHY OF DIVERTICULITIS

GUT
• Segmental concentric thickening of wall

Hypoechoic reflecting muscular hypertrophy

INFLAMED DIVERTICULA
• Echogenic foci within or beyond gut wall
• Intramural sinus tracts

High-amplitude linear echoes within gut wall
Acoustic shadowing or “ringdown” artifact

PERIENTERIC SOFT TISSUE
• Inflammation of pericolonic fat

Hyperechoic mass effect
• Thickening of the mesentery
• Abscess formation

Loculated fluid collection
Often with gas component

• Fistulas
Linear tracts from gut to bladder, vagina, or 

adjacent loops
Hypoechoic or hyperechoic
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• Site of obstruction for luminal (large gallstones, 
bezoars,74 foreign bodies, intussusception, occasional 
polypoid tumors), intrinsic (segmental gut wall 
thickening and stricture formation from Crohn’s 
disease, annular carcinomas), and extrinsic (abscesses, 
endometriomas) abnormality as a cause of the 
obstruction.

• Location of gut loops, noting any abnormal 
position. Obstruction associated with external 
hernias is ideal for sonographic detection in  
that dilated loops of gut may be traced to a  
portion of the gut with normal caliber but  
abnormal location (Fig. 8-41). Spigelian and 
inguinal hernias are the types most frequently  
seen on sonograms.
Unique sonographic features are seen in the closed-

loop and afferent loop obstructions, intussusception, and 
midgut malrotation. Closed-loop obstruction occurs if 
the bowel lumen is occluded at two points along its 
length, a serious condition that facilitates strangulation 
and necrosis. As the obstructed loop is closed off from 
the more proximal portion of the GI tract, little or no 
gas is present within the obstructed segments, which may 
become dilated and fluid filled. Consequently, the 
abdominal radiograph may be unremarkable (Fig. 8-42, 
A), and sonography may be most helpful by showing the 
dilated involved segments (Fig. 8-42, B) and often the 
normal-caliber bowel distal to the point of obstruction. 
The features of closed-loop obstruction are well described 
on ultrasound and include dilated small bowel, a C- or 
U-shaped bowel loop (Fig. 8-42, C), a whirl sign, and 
two adjacent collapsed loops.75,76 This last important 
observation is difficult to observe on ultrasound, in con-
trast to CT scan. However, we have correctly suspected 
closed-loop obstruction in many patients on the basis of 
virtually normal plain films, small bowel dilation, and a 
U- or C-shaped bowel loop, especially if there is gut wall 
thickening or pneumatosis intestinalis suggesting gut 
infarction.

obstruction, related to blockage of the lumen by mate-
rial in the lumen; intrinsic abnormalities of the gut 
wall associated with luminal narrowing; and extrinsic 
bowel lesions, including adhesions. Strangulation 
obstruction develops when the circulation of the 
obstructed intestinal loop becomes impaired.

Sonography in patients with suspected MBO is usually 
not helpful because adhesions, the most common cause 
of intestinal obstruction, are not visible on the sono-
gram. Also, the presence of abundant gas in the intesti-
nal tract, characteristic of most patients with obstruction, 
frequently produces sonograms of nondiagnostic quality. 
However, in the minority of patients with MBO who do 
not have significant gaseous distention, sonography may 
be helpful. In a prospective study of 48 patients, Meiser 
and Meissner73 found that ultrasound was positive in 
25% of patients with a “normal” plain film. Ultrasound 
alone allowed complete diagnosis of the cause of obstruc-
tion in six patients in a retrospective study of sonography 
on 26 patients with known colonic obstruction; it also 
correctly predicted the location of colonic obstruction in 
22 cases (85%) and the etiology of the obstruction in 21 
cases (81%).11 Of 13 patients ultimately confirmed to 
have adenocarcinoma, five had a mass on sonography, 
five had segmental thickening, and 11 others showed a 
target sign of intussusception.

Sonographic study of potential MBO should include 
assessment of the following:
• Gastrointestinal tract caliber from the stomach to 

the rectum, noting any point at which the caliber 
alters (Fig. 8-39; see also Video 8-5).

• Content of any dilated loops, with special attention 
to their fluid and gaseous nature (Fig. 8-40; see also 
Video 8-7).

• Peristaltic activity within the dilated loops, which 
is typically greatly exaggerated and abnormal, 
frequently producing a to-and-fro motion of the 
luminal content. With strangulation, peristalsis may 
decrease or cease.

A B

FIGURE 8-39. Mechanical small bowel obstruction. A, Sagittal image of right flank shows multiple, adjacent, long loops of 
dilated, fluid-filled small bowel with the classic morphology for a distal mechanical small bowel obstruction. B, Transverse image in the 
left lower quadrant confirms the multiplicity of dilated loops involved in the process. A small amount of ascites is seen between the dilated 
loops.



298  PART II ■ Abdominal, Pelvic, and Thoracic Sonography

intussuscipiens), is a relatively infrequent cause of MBO 
in the adult, usually associated with a tumor as a lead 
point. In our experience, this is often a lipoma that 
appears as a highly echogenic, intraluminal mass related 
to its fat content. A sonographic appearance of multiple 
concentric rings, related to the invaginating layers of the 
telescoped bowel and seen in cross section, is virtually 
pathognomonic78 (Fig. 8-43, A). Occasionally, only a 
target appearance may be seen.79 The longitudinal 
appearance suggesting a “hay fork”80 is not as reliably 
detected. In both projections, the mesenteric fat invagi-
nating with the intussusceptum will show as an eccentric 

Afferent loop obstruction is an uncommon compli-
cation of subtotal gastrectomy, with Billroth II gastroje-
junostomy, that may occur by twisting at the anastomosis, 
internal hernias, or anastomotic stricture. Again, a 
gasless, dilated loop may be readily recognized on sonog-
raphy in a location consistent with the enteroenteric 
anastomosis coursing from the right upper quadrant 
across the midline. Its detection, location, and shape 
should allow for correct sonographic diagnosis of affer-
ent loop obstruction.77

Intussusception, invagination of a bowel segment 
(the intussusceptum) into the next distal segment (the 

A B

K

FIGURE 8-40. Dilated hypoperistaltic segments. A, Sagittal sonogram in the right flank of a patient with a Crohn’s stricture 
shows gross dilation of the ascending colon. A long, fluid-sediment level is seen as a reflection of the hypoperistalsis of this segment of 
obstructed gut. K, Kidney. B, Sagittal sonogram in a patient with paralytic ileus shows extensive small bowel dilation. Loops are fluid 
filled and quiet with fluid-fluid level (arrowheads). (A from Sarrazin J, Wilson SR. Manifestations of Crohn disease at ultrasound. Radiographics 
1996;16:499-520.)

A B

FIGURE 8-41. Mechanical small bowel obstruction: ventral hernia. A, Sonogram shows dilated fluid-filled loops of 
small bowel with edematous valvulae conniventes. B, Transverse paraumbilical sonogram shows normal-caliber gut lying in abnormal 
superficial location between two dilated loops of small bowel (SB).
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resulting from large quantities of gas in the intestinal 
tract. However, on rare occasions, the sonogram may 
demonstrate dilated, fluid-filled, very quiet, or aperistal-
tic loops of intestine (Video 8-7). A fluid-fluid level in 
a dilated loop is characteristic of paralytic ileus, reflecting 
lack of movement of the intestinal contents (see Fig. 
8-40, B).

Gut Edema

Patients with acute vasculitis of various etiologies may 
present with acute abdominal pain and ascites, with 
massive edema of the small bowel wall seen as the major 
abnormality on imaging. Hypoalbuminemia, congestive 
heart failure, and spontaneous venous thrombosis may 
also show diffuse edema of the gut wall. Prominent, 
thickened, hypoechoic valvulae conniventes82 (Fig. 8-44) 
and gastric rugae are relatively easy to recognize on the 
sonographic study, which should also include Doppler 
evaluation of the mesenteric and portal veins.

area of increased echogenicity. A lipoma, as a lead point, 
similarly shows as a focus of increased echogenicity (Fig. 
8-43, B and C ).

Midgut malrotation predisposes to MBO and infarc-
tion. It is infrequently encountered in adults. A sono-
graphic abnormality related to the superior mesenteric 
vessels suggests malrotation.81 On transverse sonograms, 
the superior mesenteric vein is seen on the left ventral 
aspect of the superior mesenteric artery, a reversal of the 
normal relationship.

Paralytic Ileus

Paralytic ileus is a type of bowel obstruction related to 
adynamic function of the bowel wall. Paralysis of the 
intestinal musculature, in response to general or local 
insult, may impede the progression of luminal contents. 
Although the lumen remains patent, no progression 
occurs. Sonography is usually of little value because these 
patients characteristically have poor-quality sonograms 

A B

C

FIGURE 8-42. Closed-loop obstruction. A, Plain film is 
unremarkable. B, Sonogram shows grossly dilated, gasless, fluid-
filled, small bowel loops. C, Single loop shows a suggestive C or U 
shape.
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8-10, C and D), and unusual opportunistic infections, 
most often Candida esophagitis and CMV colitis.60,61 
The relative incidence of infection compared with neo-
plasia is about 4 : 1 or 5 : 1. Acute typhlitis is described 
earlier (see Fig. 8-33). The frequent symptom of watery 
diarrhea, associated with a variety of small bowel patho-
gens, often shows nothing on sonography apart from an 
active and fluid-filled small bowel of normal thickness. 
Currently, with the use of triple-drug therapy, clinicians 
seldom encounter patients with AIDS-related gastroin-
testinal disease.

Pseudomembranous Colitis

Pseudomembranous colitis is a necrotizing inflammatory 
bowel condition that may occur as a response to a het-
erogeneous group of insults. At present, antibiotic 
therapy with effects from the toxin of Clostridium diffi-

Gastrointestinal Tract Infections

Although fluid-filled, actively peristaltic gut may be  
seen with infectious viral or bacterial gastroenteritis, 
most affected patients do not demonstrate a sonographic 
abnormality. However, some pathogens, notably Yer-
sinia enterocolitica, Mycobacterium tuberculosis, and Cam-
pylobacter jejuni, produce highly suggestive sonographic 
abnormalities in the ileocecal area, as described earlier. 
Certain high-risk populations, such as those with AIDS 
and neutropenia,59 appear to be susceptible to acute 
typhlitis and colitis, which also have a highly suggestive 
sonographic appearance.

AIDS Patients

Patients with AIDS are at increased risk for development 
of both GI tract neoplasia, especially lymphoma (see Fig. 

A

B C

FIGURE 8-43. Intussusception in two patients. 
A, Sonogram shows multiple concentric rings representative of the 
invaginating intussuscipiens and the intussusceptum. Submucosal 
metastatic nodule as lead point. B, Sonogram of the right lower 
quadrant shows a highly echogenic lead point related to a lipoma 
(arrow). The invaginating fat in the mesentery is also echogenic. 
C, Confirmatory CT scan for image B. (B and C from Wilson SR. 
The bowel wall looks thickened: what does that mean? In Cooperberg 
PL, editor. Radiologic Society of North America categorical course 
syllabus. Chicago, 2002, RSNA, pp 219-228.)
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domembranous colitis should be suspected in any patient 
with diffuse colonic wall thickening but without a previ-
ous history of IBD. Because the history of concurrent or 
prior antibiotic therapy is not always given, direct ques-
tioning of the patient is frequently helpful.

Congenital Cysts

Duplication cysts, characterized by the presence of the 
normal layers of the gut wall, may occur in any portion 
of the GI tract. These cysts may be visualized on sono-
gram, either routine or endoscopic, and should be con-
sidered as diagnostic possibilities whenever unexplained 
abdominal cysts are seen. Tailgut cysts are variants of 
abdominal cysts that are seen in the presacral region and 
are related to the rectum (Fig. 8-46).

Ischemic Bowel Disease

Ischemic bowel disease most often affects the colon and 
is most prevalent in elderly persons with arteriosclerosis. 

cile, a normal inhabitant of the GI tract, is most often 
implicated.83 Watery diarrhea is the most common 
symptom and usually occurs during antibiotic therapy 
but may be quite remotely associated, occurring up to 6 
weeks later. Endoscopic demonstration of pseudomem-
branous exudative plaques on the mucosal surface of the 
gut and culture of the enterotoxin of C. difficile are 
diagnostic. Superficial ulceration of the mucosa is associ-
ated with inflammatory infiltration of the lamina propria 
and the submucosa, which may be thickened to many 
times the normal size.84

Sonography is frequently performed before pseudo-
membranous colitis is diagnosed, often based on a history 
of fever, abdominal pain, and watery diarrhea. Sono-
graphic features have only rarely been described85,86 but 
are suggestive of pseudomembranous colitis. Usually the 
entire colon is involved in a process that may produce 
striking thickening of the colon wall. Exaggerated haus-
tral markings and a nonhomogeneous thickened submu-
cosa, with virtual apposition of the mucosal surfaces of 
the thickened walls, are characteristic58 (Fig. 8-45). Pseu-

A B

C

FIGURE 8-44. Small bowel edema secondary to vasculitis. 
A and B, Sonograms show marked edema of the valvulae conniventes of the 
entire small bowel. C, Confirmatory CT scan. (From Wilson SR: Evaluation 
of the small intestine by ultrasonography. In Gourtsoyiannis NC, editor: Radio-
logical imaging of the small intestine. Heidelberg, 2002, Springer-Verlag, pp 
73-86.)
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A B

FIGURE 8-45. Pseudomembranous colitis. A, Long-axis view, and B, cross-sectional view, of the ascending colon show striking 
mural thickening of the gut wall. (From O’Malley ME, Wilson SR. Ultrasound of gastrointestinal tract abnormalities with CT correlation. 
Radiographics 2003;23:59-72.)

A B

C D

FIGURE 8-46. Congenital cysts. A, Sagittal, and B, transverse, sonograms in the epigastrium show an incidental gastric duplication 
cyst adjacent to the lesser curve of the stomach(s). C, Suprapubic, and D, transvaginal, pelvic scans show a complex, presacral pelvic mass, 
an incidental tailgut cyst.
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Mucocele of Appendix

Mucocele of the appendix is relatively uncommon; 
occurring in 0.25% of 43,000 appendectomy specimens 
in one series. Many patients with this condition are 
asymptomatic. A mass may be palpated in approximately 
50% of cases. Benign and malignant varieties occur in 
a ratio of approximately 10 : 1.89 In the benign form the 
appendiceal lumen is obstructed by either inflammatory 
scarring or fecaliths. The glandular mucosa in the iso-
lated segment continues to secrete sterile mucus. The 
neoplastic variety of mucocele is associated with primary 
mucous cystadenoma or cystadenocarcinoma of the 
appendix. Although the gross morphology of the appen-
dix may be similar in the benign and malignant varieties, 
the malignant form is often associated with pseudomyx-
oma peritonei if rupture occurs.90

On sonography, mucoceles typically produce large, 
hypoechoic, well-defined RLQ cystic masses with vari-
able internal echogenicity, wall thickness, and wall cal-
cification (Fig. 8-48). The internal contents often show 
a laminated or whorled appearance. These masses are 
frequently retrocecal and may be mobile. Although their 
sonographic appearance is not always specific, the diag-
nostic possibility of mucocele should be considered 
when an elongated oval cystic mass is found in the right 
lower quadrant in any patient with an appendix.91

Gastrointestinal Tract Hematoma

Blunt abdominal trauma, complicated by duodenal 
hematoma and rectal trauma, either sexual or iatrogenic 
after rectal biopsy, are the major causes of local hemato-
mas seen on sonography. Hematoma is usually localized 
to the submucosa. Larger or more diffuse hematomas 
may complicate anticoagulation therapy or bleeding dis-
orders associated with leukemia. If hematomas are large, 
diffuse gut wall thickening may be seen on sonograms.

Peptic Ulcer

Peptic ulcer, a defect in the epithelium to the depth of 
the submucosa, may be seen in either gastric or duode-
nal locations. Although rarely visualized, peptic ulcer has 
a fairly characteristic sonographic appearance. A gas-
filled ulcer crater is seen as a bright, echogenic focus with 
ringdown artifact, either in a focal area of wall thickening 
or beyond the wall, depending on the depth of penetra-
tion (Fig. 8-49). Edema in the acute phase and fibrosis 
in the chronic phase may produce localized wall thicken-
ing and deformity.

Bezoars

Bezoars are masses of foreign material or food, typically 
found in the stomach after surgery for peptic ulcer 
disease (phytobezoars) or after ingestion of indigestible 

In younger patients, it may complicate cardiac arrhyth-
mia, vasculitis, coagulopathy, embolism, shock, or 
sepsis.12 Sonographic features of ischemic bowel disease 
have been poorly described, although gut wall thickening 
may be encountered. Pneumatosis intestinalis may com-
plicate gut ischemia with a characteristic sonographic 
appearance.

Pneumatosis Intestinalis

Pneumatosis intestinalis is a relatively rare condition in 
which intramural pockets of gas are found throughout 
the GI tract. It has been associated with a wide variety 
of underlying conditions, including chronic obstructive 
pulmonary disease, collagen vascular disease, IBD, trau-
matic endoscopy, and post–jejunoileal bypass. In many 
situations, affected patients are asymptomatic and the 
observation is incidental. However, its demonstration is 
of great clinical significance when necrotizing enteroco-
litis or ischemic bowel disease is present. Both conditions 
are associated with mucosal necrosis in which gas from 
the lumen passes to the gut wall.

Sonographic description of pneumatosis intestinalis is 
limited to isolated case reports. High-amplitude echoes 
may be demonstrated in the gut wall, with typical air 
artifact or shadowing87,88 (Fig. 8-47). Gut wall thicken-
ing may be noted if the pneumatosis is associated with 
underlying IBD. If gut ischemia is suspected, careful 
evaluation of the liver is recommended to look for evi-
dence of portal venous air.

FIGURE 8-47. Pneumatosis intestinalis. Sonogram 
shows three loops of gut with bright, high-amplitude echoes 
(arrows) originating within the gut wall.
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colon, where they produce fairly sharp, distinct specular 
echoes with sharp, acoustic shadows. Their recognition 
is enhanced by suspicion of their presence.

Celiac Disease

Undiagnosed adult patients with celiac disease are 
encountered infrequently in general ultrasound depart-
ments. Nonetheless, I have occasionally seen patients in 
whom sonography is the first test to suggest the correct 
diagnosis. Sonographic observations include abnormal 

organic substances such as hair (trichobezoars). These 
masses may produce shadowing intraluminal densities 
on the sonogram and have been documented as a rare 
cause of small bowel obstruction.74 They may also form 
in the small bowel in association with chronic stasis.

Intraluminal Foreign Bodies

Large foreign bodies, including bottles, candles, sexual 
vibrators, contraband, tools, and food, may be identified 
in the GI tract, particularly in the rectum and sigmoid 

A B

FIGURE 8-48. Mucocele of the appendix. A, Sonogram, and B, CT scan, show a large, mucus-filled appendix as an incidental 
observation. The whorled appearance on the sonogram is characteristic. There is a fleck of calcification in the wall on the CT scan.

A B

FIGURE 8-49. Peptic ulcer. A, Cross-sectional sonogram of the stomach shows a hypoechoic eccentric mass with a bright, central 
echogenic focus representing air in the ulcer crater. B, Confirmatory scan with barium swallow.
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bladder. Rotation and deflection of the transducer tip 
allow scanning of visualized lesions in different planes.98

Identification, localization, and characterization of 
benign masses are possible with endosonography. Varices 
are seen as compressible hypoechoic or cystic masses 
deep to the submucosa or in the outer layers of the 
esophagus, gastroesophageal junction, or gastric fundus.99 
Benign tumors such as fibromas or leiomyomas are 
well-defined, solid masses without mucosal involvement 
that can be localized to the layer of the wall from which 
they arise, usually the submucosa and the muscularis 
propria, respectively. Peptic ulcer typically produces 
marked thickening of all layers of the gastric wall, with 
a demonstrated ulcer crater. Ménétrier’s disease produces 
thickening of the mucosal folds.

Staging of esophageal carcinoma involves assessment 
of depth of tumor invasion and evaluation of involve-
ment of the local lymph nodes and adjacent vital struc-
tures.100 Constricting lesions that do not allow passage 
of the endoscope may produce technically unsatisfactory 
or incomplete examinations.

Gastric lymphoma is typically very hypoechoic; its 
invasion is along the gastric wall or horizontal, and 
involvement of extramural structures and lymph nodes 
is less than with gastric carcinoma. Thus, localized 
mucosal ulceration with extensive infiltration of the 
deeper layers suggests lymphoma, which may also grow 
with a polypoid pattern or as a diffuse infiltration without 
ulceration.101 Gastric carcinoma, in contrast, arises 
from the gastric mucosa, is usually more echogenic, 
tends to invade vertically or through the gastric wall,  
and frequently involves the perigastric lymph nodes at 
diagnosis.

Rectum: Tumor Staging of Rectal 
Carcinoma

Transrectal (endorectal) sonography is an established 
modality for the staging of rectal carcinoma. Its resolu-
tion of the layers of the rectum surpasses the perfor-
mance of both CT and MRI (Fig. 8-50). Although a 
variety of pathologic conditions may be assessed with 
endorectal sonography, the staging of previously 
detected rectal carcinoma is its major role. Patients are 
scanned in the left lateral decubitus position following  
a cleansing enema. Both axial and sagittal images are 
obtained. A variety of rigid intrarectal probes are now 
commercially available, using a range of transducer tech-
nologies with phased array, mechanical sector, and rotat-
ing crystals. In our laboratory, a rigid biplane probe now 
replaces the traditional probe with a mechanical rotating 
crystal, which demonstrates the rectum on axial imaging 
as a multilayered circle.

Further, we have also been routinely evaluating 
women with rectal carcinoma using a transvaginal probe 
placed in the vagina after a Fleet enema. This technique 
is excellent, especially for larger tumors, because the  

fluid-filled small intestine with moderate dilation of  
the involved loops. Abnormal morphology is observed, 
which Dietrich et al.92 describe as a reduction in Kerck-
ring’s plicae circulares (valvulae conniventes) with loss of 
density and uniformity. Peristalsis is increased above 
normal. An increase in the caliber of the superior mes-
enteric artery and portal vein may also be seen.93 I have 
also observed frequent intermittent intussusception in 
this patient population.

Cystic Fibrosis

Aggressive treatment of the pulmonary problems of 
cystic fibrosis (CF) increases the likelihood of encounter-
ing adult patients in a general ultrasound department 
that performs abdominal sonography. Thickening of the 
gut wall, particularly of the right hemicolon and to a 
lesser extent the left colon and small bowel, may be seen 
in association with infiltration of both the pericolonic 
and the mesenteric fat.94 These may often be incidental 
observations without significant associated symptom-
atology. In advanced CF, a fibrosing colonopathy with 
stricture may be seen.95,96 The culture of C. difficile is 
also documented in some patients with CF and colon 
wall thickening, without the accompanying symptoms 
of abdominal pain and diarrhea.97 However, positive 
stool culture is not the rule in CF patients with detect-
able colon wall thickening.

ENDOSONOGRAPHY

Endoscopic sonography, performed with high-frequency 
transducers in the lumen of the gut, allows for detection 
of mucosal abnormality, delineation of the layers of the 
gut wall, and definition of the surrounding soft tissues 
to a depth of 8 to 10 cm from the transducer crystal. 
Thus, tumors hidden below normal mucosa, tumor pen-
etration into the layers of the gut wall, and tumor 
involvement of surrounding vital structures or lymph 
nodes may be well evaluated. Staging of previously iden-
tified mucosal tumors is one of the major applications of 
endosonographic technique.

Upper Gastrointestinal Tract

Rotating, high-frequency transducers, using 7.5-MHz 
crystals fitted into a fiberoptic endoscope, are most suit-
able for endosonography of the esophagus, stomach, and 
duodenum. Light sedation of the patient is usually 
required. The patient is placed in the left lateral decubi-
tus position and the endoscope inserted to the desired 
location. Intraluminal gas is aspirated, and a balloon 
covering the transducer crystal is inflated with deaerated 
water. Localization is determined from the distance of 
insertion from the teeth and identification of anatomic 
landmarks, such as the spleen, liver, pancreas, and gall-
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sion beyond the muscularis propria were accurately pre-
dicted 90% of the time. In vivo studies support this 
excellent result.106,107 Comparing preoperative transrectal 
ultrasound and CT staging in 102 consecutive patients, 
Rifkin et al.108 found transrectal sonography superior to 
CT in assessment of tumor extent and in the detection 
of lymph node involvement.

Limitations of rectal sonography include the 
following:
1. Inability to identify microscopic tumor invasion
2. Inability to image stenotic tumors
3. Inability to image tumors greater than 15 cm from 

the anal verge
4. Inability to distinguish nodes involved with tumor 

from those with reactive change
5. Inability to identify normal-sized nodes with 

microscopic tumor invasion

rectovaginal septum, the tumor, and the lymph nodes in 
the mesorectum are more optimally seen.102

Tumors are staged according to the Astler-Coller 
modification103 of the Dukes Classification, or more 
simply with the primary tumor component of the 
Union Internationale Contre le Cancer (UICC) TNM 
classification,104 where T represents the primary tumor, 
N the nodal involvement, and M the distant metastases 
(Fig. 8-51).

Rectal carcinoma arises from the mucosal surface of 
the gut. Tumors appear as relatively hypoechoic masses 
that may distort the rectal lumen. Invasion of the deeper 
layers, the submucosa, the muscularis propria, and the 
perirectal fat produces discontinuity of these layers on 
the sonogram (Figs. 8-52 and 8-53). Superficial ulcer-
ation or crevices that allow small bubbles of gas to be 
trapped deep to the crystal surface may demonstrate 
ringdown artifact and shadowing, with loss of layer defi-
nition deep to the ulceration. Lymph nodes appear as 
round or oval, hypoechoic masses in the perirectal fat. 
Color Doppler is an excellent addition to transrectal 
probes, showing the extent of tumors on the basis of 
their hypervascularity (Fig. 8-54). Sonographically, 
many visible nodes may be reactive rather than neoplas-
tic, and normal-sized nodes may have microscopic inva-
sion (see Fig. 8-52). Infrequently, actual deposits may be 
shown within enlarged nodes (see Fig. 8-53). Therefore, 
definitive staging requires pathologic assessment of both 
the tumor and the regional nodes.

Wang et al.105 studied six normal and 16 neoplastic 
colorectal specimens in vitro with an 8.5-MHz ultra-
sound transducer. They accurately demonstrated inva-
sion of the submucosa in 92.5% and invasion of the 
muscularis propria in 77%. Invasive tumors with exten-

T4

T3

T2
T1

FIGURE 8-51. Schematic of tumor (T) component 
of TNM staging of rectal cancer on sonography. 
Tumors (red) exhibit progressively deeper invasion beginning at 
10 o’clock, where T superficial noninvasive lesion involves only 
superficial layers of intestinal wall. At 7 o’clock, T1 lesion invades 
submucosa (yellow). At 5 o’clock, T2 lesion invades muscularis 
propria (blue). At 2 o’clock, T3 lesion exhibits full-thickness inva-
sion through layers of rectal wall, with invasion of surrounding 
perirectal fat. In directly anterior aspect (12 o’clock), T4 lesion 
exhibits invasion of prostate gland. (From Berton F, Gola G, Wilson 
SR. Perspective on the role of transrectal and transvaginal sonography 
of tumors of the rectum and anal canal. AJR Am J Roentgenol 
2008;190:1495-1504.)

FIGURE 8-50. Normal rectal endosonogram. This 
patient had a Fleet enema, and there is fluid within the rectal 
lumen. The wall layers are well depicted. Muscle layers are 
hypoechoic, and submucosa is the dominant echogenic layer. Peri-
rectal fat appears echogenic or white. A small, normal node is 
shown in the perirectal fat as a around small, hypoechoic nodule. 
(From Berton F, Gola G, Wilson SR. Perspective on the role of trans-
rectal and transvaginal sonography of tumors of the rectum and anal 
canal. AJR Am J Roentgenol 2008;190:1495-1504.)
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detected abnormality facilitates histologic differentiation 
of recurrence from postoperative, inflammatory, or post-
radiation change.

Prostatic carcinoma may invade the rectum directly, 
or more remote tumors may involve the rectum, usually 
as a result of seeding to the posterior peritoneal pouch. 
Because these tumors initially involve the deeper layers 
of the rectal wall, with mucosal involvement occurring 
as the disease progresses, their sonographic appearance is 
distinct from that of primary rectal carcinoma (see Fig. 
8-52, D).

Benign mesenchymal tumors, especially of smooth 
muscle origin, are uncommon in the rectum. When 
seen, their sonographic features are the same as elsewhere 
(Fig. 8-56). Mucous retention cysts, resulting from 
obstruction of mucous glands, produce cystic masses of 
varying size that are located deep in the rectal wall.

Despite these limitations, endorectal ultrasound 
appears to be an excellent imaging tool for preoperative 
staging of accessible rectal cancers.

Cancer of the anal canal is a very rare tumor that is 
well shown on anal sonography (Fig. 8-55).

Recurrent rectal cancer after local resection is usually 
extraluminal, involving the resection margin secondarily. 
Serial transrectal sonography may be used in conjunction 
with serum carcinoembryonic antigen (CEA) levels to 
detect these recurrences. A pericolic hypoechoic mass or 
local thickening of the rectal wall, in either deep or 
superficial layers, is taken as evidence of recurrence. Pre-
vious radiation treatment may produce a diffuse thicken-
ing of the entire rectal wall, usually of moderate or high 
echogenicity, with an appearance that is usually easily 
differentiated from the focal hypoechoic appearance  
of recurrent cancer. Sonographic-guided biopsy of a 

A B
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FIGURE 8-52. Rectal tumors seen at transrectal sonography. A, Rectal carcinoma: T1. Hypoechoic mass between 
6 o’clock and 8 o’clock is noted. The submucosa—the echogenic line—and the muscularis propria—the external hypoechoic line—are 
intact. B, Rectal carcinoma: T2. Tumor is seen anteriorly. The muscularis propria (arrows) is the hypoechoic line that is thickened and 
nodular, consistent with tumor involvement. C, Rectal carcinoma: T3. A large tumor involves the entire right lateral wall of the rectum. 
Invasion of the perirectal fat (arrows) is noted in several locations. A large node is seen at the 6 o’clock position; smaller nodes are seen 
at 5 o’clock and 8 o’clock. D, Metastatic carcinoma to rectal wall. Hypoechoic mass is seen between 10 o’clock and 1 o’clock. It involves 
the deep layers of the rectal wall and not the rectal mucosa. There is a small lymph node (arrow).
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probe close to the introitus—to be as equally effective as 
a transanal approach.31,108,110-112

The internal anal sphincter, in continuity with the 
muscularis propria of the rectum above, is seen as a 
circular hypoechoic or black ring just deep to the  
convoluted mucosal echoes (Fig. 8-57). The external 
anal sphincter, in contrast, is less well defined and  
more echogenic, appearing gray on the ultrasound  
examination, and in continuity with fibers from  
the puborectalis sling. Traumatic disruption of the 
muscle layers will show as defects in the continuity of 
the normal muscle texture, most often anterior (Fig. 
8-58). Posttraumatic scarring may be associated with a 
change of shape of the anal canal from round to oval (see 
Fig. 8-57).

Anal Canal

Fecal Incontinence

Anal endosonography, performed with the addition of 
a hard cone attachment to a radial 7.5-MHz probe, 
allows accurate assessment of the anal canal, including 
the internal and external sphincters.109 Performed pri-
marily for assessment of fecal incontinence, this test 
shows the integrity of the sphincters with documentation 
of the degree and size of muscle defects.

Young women, following traumatic obstetric delivery, 
are most often afflicted with fecal incontinence. We, and 
others, have found transvaginal assessment of the anal 
sphincter—performed with a side-firing transvaginal 
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FIGURE 8-53. Rectal tumors on transrectal sonography, using biplane technology. A and B, Superficial T1 
cancer in 42-year-old woman with a small, palpable mass on digital rectal examination. Curved axial (A) and linear sagittal (B) images 
show hypoechoic tumor with subtle involvement of the echogenic submucosa. C, T3 rectal carcinoma on an axial image in 56-year-old 
man. Gross extension of tumor into perirectal fat is evident. Echogenic margins (arrows) of remaining submucosa are present on each side 
of invasive tumor. D, Extensive T3 mucinous rectal adenocarcinoma in 64-year-old man. Axial image shows destruction of submucosa, 
the echogenic edge (arrow) of which is evident on right side of image. Enlarged, round perirectal node shows a hypoechoic tumor deposit. 
(From Berton F, Gola G, Wilson SR. Perspective on the role of transrectal and transvaginal sonography of tumors of the rectum and anal canal. 
AJR Am J Roentgenol 2008;190:1495-1504.)
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FIGURE 8-54. Contribution of Color Doppler at transrectal sonography to staging and diagnosis of rectal 
cancer. A and B, T2 rectal cancer in 58-year-old man. A, Axial image shows hypoechoic tumor. Destruction of submucosa is evident 
with involvement of muscularis propria on right side of image. B, Color Doppler at default setting shows typical hypervascularity. Color 
demarcates tumor from normal rectal wall on left side of image. C and D, Small rectal adenocarcinoma originating in adenomatous 
polyp in 55-year-old man. C, Axial image shows an isoechoic polypoid mass with a broad base surrounded by fluid within the rectal 
lumen. Mass involves the submucosal layer only. D, Color Doppler image shows profuse vascularity and vascular stalk of the polypoid 
mass. E and F, tubulovillous adenoma in 58-year-old woman. E, Axial transvaginal image shows a mixed-echogenic mass that seems to 
fill the lumen of the rectum. F, Color Doppler frequently shows this type of stellate, branching vascularity in tubulovillous tumors. (From 
Berton F, Gola G, Wilson SR. Perspective on the role of transrectal and transvaginal sonography of tumors of the rectum and anal canal. AJR 
Am J Roentgenol 2008;190:1495-1504.)



310  PART II ■ Abdominal, Pelvic, and Thoracic Sonography

Transanal sonography for assessment of perianal 
inflammatory disease is limited because placement of the 
rigid probe into the anal canal does not allow assessment 
of disease in the perineal region. We prefer transvaginal 
sonography in conjunction with transperineal sonogra-
phy in women and transperineal sonography in men for 
evaluation of this problem.

Scans are performed with curved and high-frequency 
linear probes placed firmly on the skin of the perineum 
between the introitus and the anal canal in women and 
between the scrotum and the anal canal in men.110 Firm 
pressure on the transducer is required to afford good 
visualization of the anal canal. We begin the procedure 
with the transducer in the transverse plane relative to the 

Perianal Inflammatory Disease

Perianal inflammatory disease is seen in two distinct 
patient populations: (1) those with Crohn’s disease who 
develop perianal inflammation as part of their disease 
and (2) those who develop a perianal abscess or peri-
anal fistula as a spontaneous event. The first group is 
described earlier in the section on Crohn’s disease. In 
other patients, perianal infection arises in small, inter-
sphincteric anal glands predominantly located at the 
dentate line. This occurs most frequently in young adult 
men. Documentation of fluid collections and the rela-
tionship of inflammatory tracts to the sphincter mecha-
nism are important for surgical treatment.

A B

C

FIGURE 8-55. Cancer of anal canal. A, Long-axis image, 
and B, cross-sectional image, show a hypoechoic tumor disrupting 
the normal planes of the anal canal. C, Sonogram shows the 
vascularity of the tumor. (From Berton F, Gola G, Wilson SR. 
Perspective on the role of transrectal and transvaginal sonography of 
tumors of the rectum and anal canal. AJR Am J Roentgenol 
2008;190:1495-1504.)
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FIGURE 8-56. Gastrointestinal stromal tumor (GIST) 
of rectum. Transrectal sonographic image shows solid, well-
defined, round mass arising from muscularis propria layer in 59-year-
old woman with asymptomatic palpable mass found at routine 
physical examination. Tumor is growing with submucosal pattern, 
and mucosal surface bulges into fluid-filled lumen.

A B

C

FIGURE 8-57. Normal rectum and anal canal. A, 
Transvaginal approach. Cross-sectional image of rectum taken 
with vaginal probe showing the normal, convoluted rectal 
mucosa; prominent submucosa (white); and the muscularis 
propria as a thin, black rim (arrows). The rectum is usually oval, 
as shown here. B, Transperineal approach. Anal canal shows 
the thick, well-defined internal anal sphincter (arrows) as a 
continuous black ring continuous with the muscularis propria 
of the rectal wall above. The external anal sphincter is less well 
defined and echogenic. C, Transperineal approach. Rotation 
of the probe by 90 degrees from B shows the anal canal in long 
axis (arrows, internal anal sphincter).
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A B
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FIGURE 8-58. Traumatic disruption of anal sphincter in two patients. A, Cross-sectional, and B, long-axis, views of 
the anal canal from a transvaginal approach show disruption of the sphincter anteriorly from 9 to 3 o’clock. The arrow on the sagittal 
image shows the cephalad extent of the internal anal sphincter. C, Cross-sectional, and D, long-axis, views of the anal canal show full-
thickness disruption of the anterior anal canal between 11 and 1 o’clock. The arrow in each image shows air bubbles within an anovaginal 
fistula.

SONOGRAPHY OF PERIANAL 
INFLAMMATORY DISEASE

• Internal opening in the anal canal or rectum
• Tracts and their relationship to anal sphincter
• External openings
• Fluid collections

body. The transducer should be directed cephalad and 
anterior to the plane of the anal canal, then angled slowly 
through the plane of the anal canal, which will show it 
in cross section from the anorectal junction to the exter-
nal anal opening. Rotation of the transducer by 90 
degrees will allow for imaging in the longitudinal plane. 
Tracts and collections in the perineum, buttocks, 

scrotum, and labia can also be assessed and followed in 
a retrograde direction to their connection with the anal 
canal.

Perianal inflammatory tracts and masses are classified 
according to Parks et al.113 Their classification provides 
an anatomic description of fistulous tracts, which acts as 
a guide to operative treatment. The four main subtypes 
are intersphincteric (between internal and external 
sphincter), transsphincteric (crossing both internal and 
external anal sphincter into ischiorectal or ischioanal 
fossa), suprasphincteric, and extrasphincteric. In each 
patient, we also document the internal opening and the 
external openings, as possible. Tracts show on the ultra-
sound scan as hypoechoic linear areas or fluid-containing 
tubular areas, depending on their size and activity (Fig. 
8-59). As with fistulas elsewhere, air bubbles within the 
tract show as bright, echogenic foci that may move 
during the scan, helping with their identification. In our 
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FIGURE 8-59. Perianal inflammatory disease in nine patients. Top row, Simple inflammatory openings and tracts 
(arrows). Cross-sectional images of the anal canal show internal opening at 1 o’clock with A, transsphincteric tract running to a small 
collection; B, intersphincteric tract; C, larger extrasphincteric tract. Middle row, More complex tracts (arrows). D, Anterior extrasphincteric 
tract shows fluid within. E, Bilateral, complex, intersphincteric tracts and collections show bright, echogenic foci representing extraluminal 
air. F, Boomerang, or horseshoe, tract surrounds the anal canal posteriorly and laterally. There are internal openings at 2, 4, and 9 o’clock. 
Bottom row, Perianal abscesses (A). G, Abscess on left posterolateral aspect of the anal canal is particle filled. H, Large, posterior abscess 
is complex, with a dependent debris level. I, Large, posterior abscess shows a large internal opening posteriorly at 6 o’clock.

initial experience with 54 patients with perianal inflam-
matory masses, sonographic findings were confirmed in 
22 of 26 patients (85%) who underwent surgical treat-
ment for their disease.
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two sources: the ureteric bud and metanephrogenic 
blastema.2 The ureteric bud forms the ureter, renal 
pelvis, calices, and collecting ducts, interacting with and 
penetrating the metanephrogenic blastema. This interac-
tion is necessary to initiate ureteric bud branching and 
differentiation of nephrons within the blastema (Fig. 
9-1). Initially, the permanent kidneys are found in the 
pelvis. With fetal growth, the kidneys come to lie in the 
upper retroperitoneum. With ascent, the kidneys rotate 
medially 90 degrees so that the renal pelvis is directed 
anteromedially. The kidneys are in their adult location 
and position by the ninth gestational week. As the 
kidneys ascend, they derive their blood supply from 
nearby vessels; adult blood supply is from the abdominal 
aorta.

Development of the Bladder

In the seventh gestational week the urorectal septum 
fuses with the cloacal membrane, dividing it into a 
ventral urogenital sinus and a dorsal rectum. The 
bladder develops from the urogenital sinus. Initially, the 
bladder is continuous with the allantois, which eventu-
ally becomes a fibrous cord called the urachus, the adult 
median umbilical ligament. As the bladder enlarges, the 

The prime function of the kidney is excretion of meta-
bolic waste products. The kidneys do this by converting 
more than 1700 liters of blood per day into 1 liter of 
highly concentrated urine.1  The kidney is an endocrine 
organ that secretes many hormones, including erythro-
poietin, renin, and prostaglandins. The kidneys also 
function to maintain homeostasis by regulating water-
salt and acid-base balance. The renal collecting system, 
ureters, and urethra function as conduits and the bladder 
serves as a reservoir for urinary excretion.

EMBRYOLOGY

Development of the Kidneys  
and Ureter

Three sets of kidneys develop in human embryos: the 
pronephros, mesonephros, and metanephros (definitive 
or permanent kidney).2 The pronephroi appear early in 
the fourth embryologic week and are rudimentary and 
nonfunctioning. The mesonephroi form late in the 
fourth week and function as interim kidneys until the 
developing metanephroi begin to function (ninth week). 
The metanephroi (permanent kidneys) develop from 

A

Metanephric
diverticulum or
ureteric bud

Metanephric mass
of intermedate
mesoderm

Mesonephric duct

Arched collecting tubule Lobe

Groove between
lobes
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FIGURE 9-1. Embryology of the kidney and ureter. A, Lateral view of a 5-week embryo shows the three embryologic kidneys. 
B to E, Successive stages of development of the ureteric bud (fifth to eighth week) into the ureter, pelvis, calices, and collecting tubules. 
(From The urogenital system. In Moore KL, Persaud TVN, editors: The developing human: clinically oriented embryology. 5th ed. Philadel-
phia, 1993, Saunders, pp 265-303.)
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larger potential space for left renal growth (growth of 
right kidney inhibited by liver) or relatively increased left 
renal blood flow (left renal artery typically shorter than 
right renal artery). Renal length correlates best with body 
height, and renal size decreases with advancing age 
because of parenchymal reduction.

The left kidney usually lies 1 to 2 cm higher than the 
right kidney.3 The kidneys are mobile and will move 
depending on body position. In the supine position, the 
superior pole of the left kidney is at the level of the 12th 
thoracic vertebra, and the inferior pole is at the level of 
the third lumbar vertebra.

The normal adult kidney is bean shaped with a 
smooth, convex contour anteriorly, posteriorly, and lat-
erally. Medially, the surface is concave; the medial surface 
is known as the renal hilum. The renal hilum is continu-
ous with a central cavity called the renal sinus. Within 
the renal sinus are the major branches of the renal artery, 
major tributaries of the renal vein, and the collecting 
system.3 The remainder of the renal sinus is packed with 
fat. The collecting system (renal pelvis) lies posterior to 
the renal vessels in the renal hilum (Fig. 9-3).

Renal parenchyma is composed of cortex and medul-
lary pyramids. The renal medullary pyramids are 

distal portion of the mesonephric ducts is incorporated 
as connective tissue into the bladder trigone. At the  
same time, the ureters come to open separately into  
the bladder.2 In infants and children the bladder is an 
abdominal organ; it is not until after puberty that it 
becomes a true pelvic structure2 (Fig. 9-2).

Development of the Urethra

The epithelium of most of the male urethra and the entire 
female urethra is derived from the endoderm of the uro-
genital sinus. The urethral connective tissue and smooth 
muscle form from adjacent splanchnic mesenchyme.2

ANATOMY

The Kidney

In the adult, each kidney measures approximately 11 cm 
long, 2.5 cm thick, and 5 cm wide and weighs 120 to 
170 grams.3 Emamian et al.4 demonstrated that the 
parenchymal volume of the right kidney is smaller than 
that of the left kidney, possibly because of a relatively 
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FIGURE 9-2. Embryology of the 
bladder and urethra. Diagrams show divi-
sion of the cloaca into the urogenital sinus and 
rectum; absorption of the mesonephric ducts; 
development of the urinary bladder, urethra, and 
urachus; and change in location of the ureters; A 
and B, 5-week embryo; C to H, 7- to 12-week 
embryo (A, C, E, and G, female; B, D, F, and 
H, male). (From The urogenital system. In Moore 
KL, Persaud TVN, editors: The developing 
human. 5th ed. Philadelphia, 1993, Saunders, pp 
265-303.)
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defects occur at the site of fusion and must not be con-
fused with pathologic processes (e.g., renal scar, angio-
myolipoma). The junctional parenchymal defect is 
most often located anteriorly and superiorly and can  
be traced medially and inferiorly into the renal sinus. 
Usually, it is oriented more horizontally than vertically 
and therefore it is best appreciated on sagittal scans6 (Fig. 
9-5). Junctional cortical defects are more often shown 
within the right kidney, although left junctional cortical 
defects may be detected with favorable acoustic windows.

A hypertrophied column of Bertin (HCB) is a 
normal variant; it represents unresorbed polar paren-
chyma from one or both of the two subkidneys that fuse 
to form the normal kidney.7 Sonographic features that 
may aid in the demarcation of HCB include indentation 
of the renal sinus laterally and a border formed by the 
junctional parenchymal defect. Hypertrophied columns 
are usually located at the junction of the upper and 
middle thirds of the kidney and contain renal cortex that 
is continuous with the adjacent renal cortex of the same 
subkidney. Columns contain renal pyramids and usually 
measure less than 3 cm7,8 (Fig. 9-6). The echogenicity of 
HCB and adjacent renal cortex depend on the scan 
plane. Alterations in tissue orientation produce different 
acoustic reflectivity.7 The echoes of the HCB are brighter 
than those of adjacent renal cortex when seen en face7 
(Fig. 9-6). It may be difficult to differentiate a small, 
avascular tumor from an HCB; however, demonstration 
of arcuate arteries by color Doppler ultrasound indicates 
an HCB rather than a tumor. Occasionally, contrast-
enhanced computed tomography (CT) may be necessary 
to differentiate between an HCB and a non–border-
deforming renal lesion.

Renal duplication artifact can result from sound 
beam refraction between the lower portion of the spleen 
or liver and adjacent fat.9 Middleton and Melson9 found 
that duplication artifact mimicked collecting system 

FIGURE 9-3. Anatomy of the kidney, ureter, and 
bladder.

A B

FIGURE 9-4. Normal kidney. A, Sagittal, and B, transverse, sonograms of normal anatomy with corticomedullary differentiation 
show relatively hypoechoic medullary pyramids, with cortex slightly less echogenic than the liver and spleen.

hypoechoic relative to the renal cortex and can be identi-
fied in most normal adults (Fig. 9-4). Normal renal 
cortex is typically less echogenic than adjacent liver and 
spleen. Platt et al.5 found that 72% of 153 patients with 
renal cortical echogenicity equal to that of the liver had 
normal renal function. Greater renal echogenicity than 
liver echogenicity showed a specificity and a positive 
predictive value for abnormal renal function of 96% and 
67%, respectively. However, the sensitivity of this ultra-
sound criterion was poor (20%).

During normal development, two parenchymal masses 
called ranunculi partially fuse. Parenchymal junctional 
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The Bladder

The bladder is positioned in the pelvis, inferior and 
anterior to the peritoneal cavity and posterior to the 
pubic bones.3 Superiorly, the peritoneum is reflected 
over the anterior aspect of the bladder. Within the 
bladder, the ureteric and urethral orifices demarcate an 
area known as the trigone; the urethral orifice also marks 
the bladder neck. The bladder neck and trigone remain 
constant in shape and position; however, the remainder 
of the bladder will change shape and position depending 
on the volume of urine within it. Deep to the perito-
neum covering the bladder is a loose, connective tissue 
layer of subserosa that forms the adventitial layer of the 
bladder wall. Adjacent to the adventitia are three muscle 
layers: the outer (longitudinal), middle (circular), and 
internal longitudinal layers. Adjacent to the muscle, the 
innermost layer of the bladder is composed of mucosa. 
The bladder wall should be smooth and of uniform 
thickness. The wall thickness depends on the degree of 
bladder distention.

SONOGRAPHIC TECHNIQUE

The ability to visualize organs of the genitourinary tract 
by ultrasound depends on the patient’s body habitus, 
operator experience, and scanner platform. The patient 
should fast a minimum of 6 hours before the examina-
tion to limit bowel gas. High-frequency probes should 
be used for patients with a favorable body habitus (see 
Chapter 1). Harmonic imaging is often useful for diffi-
cult-to-scan patients (e.g., obese patients); additional 
recent software advances, including compound imaging 
and speckle reduction, may increase lesion conspicuity 
and decrease artifacts.

The Kidney

The kidneys should be assessed in the transverse and 
coronal plane. Optimal patient positioning varies; supine 
and lateral decubitus positions often suffice, although 
oblique and occasionally prone positioning may be nec-
essary (e.g., obese patients). Usually, a combination of 
subcostal and intercostal approaches is required to evalu-
ate the kidneys fully; the upper pole of the left kidney 
may be particularly difficult to image without a combi-
nation of approaches.

The Ureter

The proximal ureter is best visualized using a coronal 
oblique view with the kidney as an acoustic window. The 
ureter is followed to the bladder, maintaining the same 
approach. A nondilated ureter may be impossible to 
visualize because of overlying bowel gas. Transverse scan-
ning of the retroperitoneum often demonstrates a dilated 

duplication, suprarenal masses, and upper-pole renal 
cortical thickening. This artifact is seen most frequently 
in the left kidney and in obese patients. Changing the 
transducer position or using deep inspiration so that the 
liver and spleen are interposed as an acoustic window 
will eliminate the false impression.

The kidney has a thin, fibrous true capsule. The 
capsule is surrounded by perirenal fat. Perirenal fat is 
encased anteriorly by Gerota fascia and posteriorly by 
Zuckerkandl fascia.10 The right perirenal space opens 
superiorly at the bare area of the liver, and both perirenal 
spaces communicate with the pelvic peritoneal space.11 
Right and left perirenal spaces communicate with each 
other across the midline at the level of the third to fifth 
lumbar vertebrae (L3-L5).11

The Ureter

The ureter is a long (30-34 cm), mucosal-lined conduit 
that delivers urine from the renal pelvis to the bladder. 
Each ureter varies in diameter from 2 to 8 mm.3 As it 
enters the pelvis, the ureter passes anterior to the common 
(external) iliac artery. The ureter has an oblique course 
through the bladder wall (see Fig. 9-3).

FIGURE 9-5. Anterior junction line. Sagittal sonogram 
demonstrates an echogenic line that extends from the renal sinus 
to perinephric fat. The defect is typically located at the junction 
of the upper and middle thirds of the kidney, as in this example.

SONOGRAPHIC CRITERIA FOR 
HYPERTROPHIED COLUMN  

OF BERTIN

Indentation of renal sinus laterally
Bordered by junctional parenchymal defect
Location at junction of upper and middle thirds
Continuous with adjacent renal cortex
Contains renal pyramids
Less than 3 cm in size
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planes. To better visualize the bladder wall in women, 
transvaginal scanning may be helpful. If the nature of a 
large, fluid-filled mass in the pelvis is uncertain, voiding 
or insertion of a Foley catheter will clarify the location 
and appearance of the bladder relative to the fluid-filled 
mass. The urethra in a woman can be scanned with 
transvaginal, transperineal, or translabial sonography12 
(Fig. 9-7). The posterior or the prostatic urethra in men 
is best visualized with endorectal probes (Fig. 9-8).

ureter, which can then be followed caudally with both 
transverse and sagittal imaging. In women, a dilated 
distal ureter is well seen with transvaginal scanning.

The Bladder and Urethra

The bladder is best evaluated when it is moderately filled; 
an overfilled bladder causes patient discomfort. The 
bladder should be scanned in the transverse and sagittal 
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FIGURE 9-6. Hypertrophied column of Bertin. A, Sagittal, and B, transverse, sonograms show classic appearance of the column 
of Bertin. C, Medullary pyramids can be seen within the hypertrophied column of Bertin. D, Echogenicity of the column may vary based 
on orientation. E, Transverse sonogram, and F, corresponding power Doppler image, confirm a hypertrophied column.
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result from the ureteral bud making contact with the 
most caudal portion of the metanephrogenic blastema. 
This can occur with delayed development of the ureteric 
bud, or from delayed contact of the bud with the crani-
ally migrating blastema. Hypoplasia is established when 
fewer but otherwise histologically normal renal lobules 
are identified.13 At ultrasound, the kidney is small but 
otherwise appears normal.

Fetal Lobation

Fetal lobation is usually present until 4 or 5 years of age; 
however, persistent lobation is seen in 51% of adult 
kidneys.14 There is infolding of the cortex without loss 
of cortical parenchyma. At ultrasound, sharp clefts are 
shown overlying the columns (septa) of Bertin.15

Compensatory Hypertrophy

Compensatory hypertrophy may be diffuse or focal. It 
occurs when existing healthy nephrons enlarge to allow 
healthy renal parenchyma to perform more work. The 
diffuse form is seen with contralateral nephrectomy, 
renal agenesis, renal hypoplasia, renal atrophy, and renal 
dysplasia. The focal form is seen when residual islands 
of normal tissue enlarge in an otherwise diseased kidney; 
focal compensatory hypertrophy may be particularly 
prominent in the setting of reflux nephropathy. Diffuse 
compensatory hypertrophy is suggested at ultrasound 
when an enlarged but otherwise normal-appearing 
kidney is identified. Focal compensatory hypertrophy 
may be more problematic at ultrasound. Large areas of 
nodular but normal renal tissue identified between scars 
may mimic a solid renal mass.5

CONGENITAL ANOMALIES

Anomalies Related to Renal Growth

Hypoplasia

Renal hypoplasia is a renal parenchymal anomaly in 
which there are too few nephrons. Renal function 
depends on the mass of the kidney. True hypoplasia is a 
rare anomaly. Many patients with unilateral hypoplasia 
are asymptomatic; the condition is typically an inciden-
tal finding. Patients with bilateral hypoplasia often have 
evidence of renal insufficiency. Hypoplasia is believed to 

FIGURE 9-7. Translabial ultrasound of female 
urethra. Sagittal sonogram shows the tubular hypoechoic 
urethra extending from the bladder to the skin surface.

A B

FIGURE 9-8. Transrectal ultrasound of male urethra. A, Sagittal, and B, transverse, sonograms show the urethra with 
calcifications in the urethral glands (arrows) surrounded by the echo-poor muscle of the internal urethral sphincter; B, bladder; arrowhead, 
ejaculatory duct; S, seminal vesicles. (Courtesy Ants Toi, MD, The Toronto Hospital.)
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cal junctions are in the normal location is particularly 
important.

Horseshoe Kidney

The incidence of horseshoe kidneys in the general popu-
lation is 0.01% to 0.25%. Horseshoe kidneys occur 
when metanephrogenic blastema fuse prior to ascent; 
fusion is usually at the lower poles (95%). Typically, the 
isthmus is composed of functioning renal tissue, although 
rarely it is made up of fibrous tissue. The horseshoe 
kidney sits anterior to the abdominal great vessels and 
derives its blood supply from the aorta and other regional 
vessels, such as inferior mesenteric, common iliac, inter-
nal iliac, and external iliac arteries. Abnormal rotation of 
renal pelves often results in ureteropelvic junction 
obstruction; the horseshoe kidney is thus predisposed to 
infection and stone formation. Additional associated 
anomalies include vesicoureteral reflux, collecting system 
duplication, renal dysplasia, retrocaval ureter, super-
numerary kidney, anorectal malformation, esophageal 
atresia, rectovaginal fistula, omphalocele, and cardiovas-
cular and skeletal abnormalities.

At sonography, horseshoe kidneys are usually lower 
than normal, and the lower poles project medially. 
Transverse imaging of the retroperitoneum will demon-
strate the renal isthmus crossing the midline anterior  
to abdominal great vessels (Fig. 9-11). Hydronephrosis 
(pyelocaliectasis) and collecting system calculi may be 
evident.

Anomalies Related to Ureteral Bud

Renal Agenesis

Renal agenesis may be unilateral or bilateral. Bilateral 
renal agenesis is a rare anomaly that is incompatible with 

Anomalies Related to Ascent  
of Kidney

Ectopia

Failure of the kidney to ascend during embryologic 
development results in a pelvic kidney; prevalence is 1 
in 724 pediatric autopsies.15 These kidneys are often 
small and abnormally rotated. Fifty percent of pelvic 
kidneys have decreased function.15 The ureters are often 
short; poor drainage and collecting system dilation pre-
dispose pelvic kidneys to infection and stone formation. 
The blood supply is often complex; multiple arteries may 
be derived from regional arteries (typically, internal iliac 
or common iliac). If the kidney ascends too high, it may 
pass through the foramen of Bochdalek and become a 
true thoracic kidney; this is usually of no clinical sig-
nificance. A search for a pelvic kidney should immedi-
ately be performed if the kidney is not identified within 
renal fossae (Fig. 9-9). If the kidney has ascended too 
high, ultrasound is helpful to determine if the diaphragm 
is intact.

Crossed Renal Ectopia

In crossed renal ectopia, both kidneys are found on the 
same side. In 85% to 90% of cases, the ectopic kidney 
will be fused to the other kidney. The upper pole of 
the ectopic kidney is usually fused to the lower pole  
of the other kidney, although fusion may occur any-
where. The incidence is 1 : 1000 to 1 : 1500 at autopsy.14 
Fusion of metanephrogenic blastema does not allow 
proper rotation or ascent; thus both kidneys are more 
caudally located, although the ureterovesical junctions 
are located normally. At sonography, both kidneys are 
on the same side and are typically fused (Fig. 9-10). In 
patients with renal colic, knowing that the ureterovesi-

*

FIGURE 9-9. Pelvic kidney. Transverse sonogram demon-
strates a left pelvic kidney posterior to the uterus (asterisk).

FIGURE 9-10. Cross-fused ectopia. Sagittal sonogram 
demonstrates two kidneys fused to each other.
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Duplex Collecting System  
and Ureterocele

Duplex collecting system is the most common congeni-
tal anomaly of the urinary tract, with a reported inci-
dence of 0.5% to 10% of all live births.14 The degree of 
duplication is variable. Duplication is complete when 
there are two separate collecting systems and two sepa-
rate ureters, each with their own ureteral orifice. Dupli-
cation is incomplete when the ureters join and enter the 
bladder through a single ureteral orifice. Ureteropelvic 
duplication arises when two ureteral buds form and join 
with the metanephrogenic blastema or when there is 
division of a single ureteral bud early in embryogenesis. 
Normally during embryologic development, the ureteral 
orifice migrates superiorly and laterally to become part 
of the bladder trigone. With complete duplication, the 
ureter from the lower pole of the kidney migrates to 
assume its normal location, whereas the ureter draining 
the superior pole of the kidney migrates abnormally to 
a more medial and inferior ureteral orifice. Patients have 
an increased incidence of ureteropelvic junction obstruc-
tion and uterus didelphys (duplex uterus).15

In complete duplication, the ureter draining the lower 
pole has a more perpendicular course through the bladder 
wall, making it more prone to reflux. The ectopic ureter 
from the upper pole is prone to obstruction, reflux, or 
both (Fig. 9-12). Obstruction can result in cystic dilation 
of the intramural portion of the ureter, giving rise to a 
ureterocele. Ureteroceles may be unilateral or bilateral 
and may occur in normal, duplicated, or ectopic ureters. 
Ureteroceles may result in ureteral obstruction and give 
rise to recurrent or persistent urinary tract infections 
(UTIs). If large, they may block the contralateral ureteral 
orifice and the urethral orifice at the bladder neck. Treat-
ment of these symptomatic ureteroceles is surgical. 
However, most ureteroceles are transient, incidental, and 
clinically insignificant.

life. The prevalence rate of bilateral agenesis at autopsies 
is 0.04%. The condition has a 3 : 1 male predominance.14 
Unilateral renal agenesis is usually an incidental finding; 
the contralateral kidney of these patients may be quite 
large secondary to compensatory hypertrophy. Renal 
agenesis occurs when there is (1) absence of the meta-
nephrogenic blastema, (2) absence of ureteral bud  
development, or (3) absence of interaction and penetra-
tion of the ureteral bud with the metanephrogenic blas-
tema. Renal agenesis is associated with genital tract 
anomalies, which are often cystic pelvic masses in both 
men and women. Other associated anomalies include 
skeletal abnormalities, anorectal malformations, and 
cryptorchidism.

At ultrasound, although the kidney is absent, a normal 
adrenal gland is usually found. The adrenal gland will 
be absent in 8% to 17% of patients with renal agene-
sis.15 It may be difficult to differentiate between renal 
agenesis and a small, hypoplastic or dysplastic kidney. 
With all these conditions, the contralateral kidney will 
be enlarged as a result of compensatory hypertrophy. 
Usually, the colon falls into the empty renal bed. Care 
should be taken not to confuse a loop of gut with a 
normal kidney.

Supernumerary Kidney

Supernumerary kidney is an exceedingly rare anomaly. 
The supernumerary kidney is usually smaller than 
normal and can be found above, below, in front of, or 
behind the normal kidney. The supernumerary kidney 
often has only a few calices and a single infundibulum. 
The formation of a supernumerary kidney is likely 
caused by the same mechanism that gives rise to a duplex 
collecting system.14 Two ureteric buds reach the meta-
nephrogenic blastema, which then divides, or alterna-
tively, there are initially two blastema. On sonography, 
an extra kidney will be found.

A

Horseshoe kidney

RK LK

B

FIGURE 9-11. Horseshoe kidney. A, Transverse sonogram shows the isthmus crossing anterior to the retroperitoneal great vessels, 
with the renal parenchyma of each limb of the horseshoe draping over the spine. B, Confirmatory contrast-enhanced CT examination.



326  PART II ■ Abdominal, Pelvic, and Thoracic Sonography

idiopathic UPJ obstructions are thought to be func-
tional rather than anatomic.19 Histologic evaluation of 
affected resected specimens has demonstrated excessive 
collagen between muscle bundles, deficient or absent 
muscle, and excessive longitudinal muscle.19 Occasion-
ally, intrinsic valves, true luminal stenosis, and aberrant 
arteries are the cause of obstruction. At ultrasound, 
hydronephrosis is present to the level of the UPJ (Fig. 
9-15). Marked ballooning of the renal pelvis is often 
shown, and if long-standing, there will be associated 
renal parenchymal atrophy. The caliber of the ureter, 
on the other hand, is normal. Careful evaluation of the 
contralateral kidney should be performed to exclude 
associated anomalies.

Congenital Megacalices

Congenital megacalices refer to typically unilateral, non-
obstructive enlargement of the calices. It is nonprogres-
sive; overlying parenchyma and renal function are 
maintained. Infection and stone formation are increased 
because of caliceal enlargement. The exact pathogenesis 
is speculative; the most common association is with 
primary megaureter.20 At ultrasound, numerous enlarged 
clubbed calices are shown. Papillary impressions are 
absent, and cortical thickness is maintained.

Congenital Megaureter

Megaureter (congenital megaureter, megaloureter) 
results in functional ureteric obstruction. The most distal 

At ultrasound, a duplex collecting system is seen as 
two central echogenic renal sinuses with intervening, 
bridging renal parenchyma. Unfortunately, this sign is 
insensitive and is only seen in 17% of duplex kidneys.16 
Hydronephrosis of the upper-pole moiety and visualiza-
tion of two distinct collecting systems and ureters are 
diagnostic. The bladder should always be carefully evalu-
ated for the presence of a ureterocele. A ureterocele will 
appear as a round, cystlike structure within the bladder 
(Fig. 9-13). Occasionally, it may be large enough to 
occupy the entire bladder and will cause obstruction of 
the bladder neck. In female patients, transvaginal sonog-
raphy can be helpful to identify small ureteroceles17 (Fig. 
9-14). These ureteroceles may be transient. Madeb 
et al.18 demonstrated that transvaginal sonography with 
color Doppler and spectral analysis can provide addi-
tional information about flow dynamics, eliminating the 
need for invasive procedures.

Ureteropelvic Junction Obstruction

Ureteropelvic junction (UPJ) obstruction is a common 
anomaly with a 2 : 1 male predominance. The left 
kidney is affected twice as frequently as the right kidney. 
UPJ obstruction is bilateral in 10% to 30% of cases.19 
Most adult patients present with chronic, vague,  
back or flank pain. Symptomatic patients and those 
with complications, including superimposed infection, 
stones, or impaired renal function, should be treated. 
Patients have an increased incidence of contralateral 
multicystic dysplastic kidney and renal agenesis. Most 

A B

FIGURE 9-12. Duplex collecting system. A, Sagittal sonogram shows an upper-pole cystic mass. Note collecting system dilation 
and cortical thinning. B, Delayed intravenous urogram shows duplicated left collecting system and dilated upper-pole moiety.
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segment of ureter is aperistaltic: Focal ureteral lack of 
peristalsis results in a wide spectrum of findings, from 
insignificant distal ureterectasis to progressive hydrone-
phrosis/hydroureter. As with UPJ obstructions, men are 
affected more often, and the left ureter is typically 
involved.19 Bilateral involvement has been demonstrated 
in 8% to 50% of patients. The classic finding at ultra-
sound is fusiform dilation of the distal third of the 
ureter (Fig. 9-16). Depending on the severity, associated 
pyelocaliectasis may or may not be present. Calculi may 
form just proximal to the adynamic segment.

Anomalies Related  
to Vascular Development

Aberrant Vessels

As it ascends during embryologic development, the 
kidney derives its blood supply from successively higher 
levels of the aorta. Aberrant renal arteries will be present 
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FIGURE 9-13. Duplex collecting system. A, Sagit-
tal sonogram shows dilation of the lower-pole moiety, likely 
related to reflux. B, Sagittal sonogram shows central paren-
chyma separating the upper-pole and lower-pole moieties. 
There is moderate dilation of both moieties. C, Sagittal sono-
gram of the bladder and distal ureter of the patient in B. Note 
dilation of the ureter from the upper-pole moiety and a large 
ureterocele.

FIGURE 9-14. Small bilateral ureteroceles. Transverse 
transvaginal sonogram demonstrates two small cystic structures 
related to the bladder wall. With the probe in the vagina, the 
bladder trigone and the ureteric orifices are shown in the near field 
of the transducer.
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between the aorta and IVC to cross the right iliac vessels. 
It then enters the pelvis and bladder in a normal manner. 
Sonography shows collecting system and proximal ure-
teral dilation. In easy-to-scan patients the compressed 
retrocaval ureter may be identified.

Anomalies Related to  
Bladder Development

Bladder Agenesis

Bladder agenesis is a rare anomaly. Most infants with 
bladder agenesis are stillborn; virtually all surviving 
infants are female.21 Many associated anomalies are often 
present. At ultrasound, the bladder is absent.

if the vascular supply from the lower levels of the aorta 
persists. Aberrant vessels can compress the ureter any-
where along its course. Color Doppler ultrasound may 
be useful to identify obstructing vessels crossing at the 
ureteropelvic junction.

Retrocaval Ureter

Retrocaval ureter is a rare but well-recognized congenital 
anomaly with a 3 : 1 male predominance. Most patients 
present with pain in the second to fourth decade of life. 
Normally, the infrarenal inferior vena cava (IVC) devel-
ops from the supracardinal vein; if it develops from the 
subcardinal vein, the ureter will pass posterior to the 
IVC. The ureter then passes medially and anteriorly 

A B

FIGURE 9-15. Ureteropelvic junction obstruction. A, Sagittal, and B, transverse, sonograms demonstrate marked ballooning 
of the renal pelvis with associated proximal caliectasis.

A B

FIGURE 9-16. Congenital megaureter. A, Sagittal sonogram shows marked dilation of the distal ureter up to the ureterovesical 
junction. B, Sagittal sonogram shows moderate midregion ureterectasis.
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may be related to childbirth. Most diverticula are found 
in the midurethra and are bilateral. Often, a fluctuant 
anterior vaginal mass is felt. Stones may develop because 
of urinary stasis. Transvaginal or translabial scanning 
may demonstrate a simple or complex cystic structure 
communicating with the urethra through a thin neck 
(Fig. 9-18).

GENITOURINARY INFECTIONS

Pyelonephritis

Acute Pyelonephritis

Acute pyelonephritis is a tubulointerstitial inflammation 
of the kidney. Two routes may lead to inflammation: 
ascending infection (85%; e.g., Escherichia coli) and 
hematogenous seeding (15%; e.g., Staphylococcus aureus). 
Women age 15 to 35 years are most often affected;24 2% 
of pregnant women will develop acute pyelonephritis.25 
Most adults present with flank pain and fever and can 
be diagnosed clinically with the aid of laboratory studies 
(bacteriuria, pyuria, and leukocytosis). With appropriate 
antibiotics, both clinical and laboratory findings show 
rapid improvement. Imaging is only necessary when 
symptoms and laboratory abnormalities persist: Imaging 
is useful to identify potential causes of insufficiently 
treated infection, including renal and perirenal abscesses, 
calculi, and urinary obstruction. the Society of Uroradi-
ology proposed using acute pyelonephritis to describe 
acutely infected kidneys, eliminating the need for  
terms such as bacterial nephritis, lobar nephronia, renal 
cellulitis, lobar nephritis, renal phlegmon, and renal 
carbuncle.26

At ultrasound, the majority of kidneys with acute 
pyelonephritis appear normal. However, ultrasound 
findings of pyelonephritis include the following (Fig. 
9-19):
• Renal enlargement
• Compression of the renal sinus
• Decreased echogenicity (secondary to edema) or 

increased echogenicity (potentially from hemorrhage)
• Loss of corticomedullary differentiation

Bladder Duplication

Bladder duplication is divided into three types, as 
follows15:
Type 1: A complete or incomplete peritoneal fold 

separates the two bladders.
Type 2: An internal septum divides the bladder. The 

septum may be complete or incomplete and may be 
oriented in a sagittal or coronal plane. There may be 
multiple septa.

Type 3: A transverse band of muscle divides the 
bladder into two unequal cavities.

Bladder Exstrophy

Bladder exstrophy occurs in 1 in 30,000 live births, with 
a 2 : 1 male predominance.15 Failure in development of 
the mesoderm below the umbilicus leads to absence of 
the lower abdominal and anterior bladder wall. There is 
a high incidence of associated musculoskeletal, gastroin-
testinal, and genital tract anomalies. These patients have 
an increased (200-fold) incidence of bladder carcinoma 
(adenocarcinoma in 90%).15

Urachal Anomalies

Normally, the urachus closes in the last half of fetal life.15 
The four types of congenital urachal anomalies, in order 
of frequency, are as follows15,22,23 (Fig. 9-17):
1. Patent urachus (50%)
2. Urachal cyst (30%)
3. Urachal sinus (15%)
4. Urachal diverticulum (5%)

There is a 2 :1  predominance in males. A patent 
urachus is usually associated with urethral obstruction 
and serves as a protective mechanism to allow normal 
fetal development. A urachal cyst forms if the urachus 
closes at the umbilical and bladder ends but remains 
patent in between. The cyst is usually situated in the 
lower third of the urachus. There is an increased inci-
dence of adenocarcinoma. At ultrasound, a midline cyst 
with or without internal echoes is seen superior to the 
bladder. A urachal sinus forms when the urachus closes 
at the bladder end but remains patent at the umbilicus. 
A urachal diverticulum forms if the urachus closes at 
the umbilical end but remains patent at the bladder. 
Urachal diverticula are usually incidentally found. There 
is an increased incidence of carcinoma and stone 
formation.

Anomalies Related to Urethral 
Development: Diverticula

The majority of urethral diverticula are acquired second-
ary to injury or infection, although congenital diverticula 
occur rarely. Most urethral diverticula in women form 
as a result of infection of the periurethral glands; some 

ACUTE PYELONEPHRITIS  
ON SONOGRAPHY

Renal enlargement
Compression of renal sinus
Abnormal echotexture
Loss of corticomedullary differentiation
Poorly marginated mass(es)
Gas within renal parenchyma
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FIGURE 9-17. Congenital urachal anomalies. A, Patent urachus extends from the bladder to the umbilicus. B, Urachal sinus. 
C, Urachal diverticulum. D, Urachal cyst. (Modified from Schnyder PA, Candarjia G. Vesicourachal diverticulum: CT diagnosis in two adults. 
AJR Am J Roentgenol 1981;137:1063-1065.)
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FIGURE 9-18. Urethral diverticulum in young woman with palpable vaginal mass. A, Sagittal, and B, transverse, 
translabial sonograms show a complex cystic mass adjacent to the anterior urethra.
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FIGURE 9-19. Acute pyelonephritis in three patients. A, Subtle focal increased echogenic areas are seen in the anterior 
cortex of the right kidney. B, Single focal hypoechoic area is seen in the upper pole of the kidney in another patient. C, Sagittal, and D, 
transverse, sonograms in a third patient show a swollen and edematous kidney with focal altered echogenicity and loss of corticomedullary 
differentiation. The renal sinus fat is attenuated by swollen parenchyma.
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and irregular. Care should be taken to distinguish uro-
thelial calcification from layering of collecting system 
calculi.29

Renal and Perinephric Abscess

Untreated or inadequately treated acute pyelonephritis 
may lead to parenchymal necrosis and abscess formation. 
Patients at increased risk for renal abscesses include 
those with diabetes, compromised immunity, chronic 
debilitating diseases, urinary tract obstruction, infected 
renal calculi, and intravenous (IV) drug abuse.25,30 Renal 
abscesses tend to be solitary and may spontaneously 
decompress into the collecting system or perinephric 
space. Perinephric abscesses also a complication of pyo-
nephrosis, may result from direct extension of peritoneal 
or retroperitoneal infection or interventions.23 Small 
abscesses may be treated conservatively with antibiotics, 
whereas larger abscesses often require percutaneous 
drainage and, if drainage is unsuccessful, surgery.

At ultrasound, renal abscesses appear as a round, 
thick-walled, hypoechoic complex masses that may have 
good through-transmission (Fig. 9-20). Internal mobile 
debris and septations may be seen. Occasionally, “dirty 
shadowing” may be noted posterior to gas within the 
abscess. The differential diagnosis includes (1) hemor-
rhagic or infected cysts, (2) parasitic cysts, (3) multilocu-
lated cysts, and (4) cystic neoplasms. Although not as 
accurate as CT in determining the presence and extent 
of perinephric abscess extension,25 sonography is an 
excellent modality for following conservatively treated 
patients with abscesses to document resolution.

• Poorly marginated mass(es)
• Gas within the renal parenchyma25,26

• Focal or diffuse absence of color Doppler perfusion 
corresponding to the swollen inflamed areas
If the pyelonephritis is focal, the poorly marginated 

masses may be echogenic, hypoechoic, or of mixed echo-
genicity. Echogenic masses may be the most common 
appearance of focal pyelonephritis.27

Sonography, including power Doppler, is less sensitive 
than CT, magnetic resonance imaging (MRI), or tech-
netium-99m single-photon emission computed tomog-
raphy (99mTc-DMSA SPECT) renal cortical scintigraphy 
for demonstrating changes of acute pyelonephritis. 
However, ultrasound is more accessible and less expen-
sive and thus an excellent screening modality for moni-
toring and follow-up of complications,28 as well as in the 
assessment of pregnant patients with acute pyelonephritis 
because of its lack of ionizing radiation.25,26

A unique renal infection known as alkaline-encrusted 
pyelitis has been described in renal transplants and 
native kidneys of debilitated and immunocompromised 
patients.29 This entity is most frequently caused by Cory-
nebacterium urealyticum, a urea-splitting microorganism. 
Urothelial stone encrustation develops in the kidney and 
bladder. If the kidney is affected, the patient may present 
with hematuria, stone passage, or an ammonium odor 
to the urine. Dysuria and suprapubic pain are the most 
common clinical signs if the bladder is involved. Treat-
ment is with antibiotics and local acidification of the 
urine. On sonography, alkaline-encrusted pyelitis may 
be suggested if thickened, calcified urothelium is identi-
fied.29 The calcification can be thin and smooth or thick 
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FIGURE 9-20. Renal abscess. Two patients with clinically apparent renal abscesses successfully treated with catheter drainage and 
antibiotics. A, Transverse sonogram shows a large cystic lesion with minimal layering debris. B, Transverse sonogram in second patient 
shows a smaller complex abscess.
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Wan et al.36 retrospectively studied 38 patients with 
EPN and identified two types of disease: EPN1, charac-
terized by parenchymal destruction and streaky or 
mottled gas, and EPN2, characterized as renal or perire-
nal fluid collections, with bubbly or loculated gas or with 
gas in the collecting system. Mortality rate for EPN1 and 
EPN2 was 69% and 18%, respectively. The authors 
postulated that the different clinical outcomes of EPN1 
and EPN2 result from the patient’s immune status and 
the vascular supply of the affected kidney. Emergency 
nephrectomy is the treatment of choice for EPN1, 
whereas percutaneous drainage is recommended for 
EPN2. CT is the preferred method to image patients 
with EPN, to determine the location and extent of renal 
and perirenal gas. Sonographic evaluation of EPN1 or 
EPN2 may be difficult because dirty shadowing from 
parenchymal gas will obscure deeper structures; shadow-
ing might also prompt an erroneous interpretation of 
renal calculi or bowel gas37 (Fig. 9-22).

Emphysematous Pyelitis

Emphysematous pyelitis refers to gas localized within the 
urinary collecting system.33 This disease entity is seen 
most often in women with diabetes or obstructing stone 
disease; a mortality rate of 20% has been reported. It is 
important to exclude iatrogenic causes of gas within the 
collecting system. At ultrasound, nondependent linear 
echogenic lines with dirty distal posterior acoustic shad-
owing, indicative of gas, are seen within the collecting 
system (Fig. 9-23). As with EPN, CT is often required 
to identify emphysematous pyelitis because dirty acous-
tic shadowing from gas at ultrasound may obscure the 
exact extent of renal and perirenal disease.

Pyonephrosis

Pyonephrosis implies purulent material in an obstructed 
collecting system. Depending on the level of obstruction, 
any portion of the collecting system, including the 
ureter, can be affected. Early diagnosis and treatment are 
crucial to prevent development of bacteremia and life-
threatening septic shock. The mortality rate of bactere-
mia and septic shock is 25% and 50%, respectively;31 
15% of patients are asymptomatic at presentation.32 In 
the young adult, UPJ obstruction and calculi are the 
most frequent cause of pyonephrosis, whereas malignant 
ureteral obstruction is typically the predisposing factor 
in elderly patients.25 Pyonephrosis is suggested when 
ultrasound shows mobile collecting system debris (with 
or without a fluid-debris level), collecting system gas, 
and stones (Fig. 9-21).

Emphysematous Pyelonephritis

Emphysematous pyelonephritis (EPN) is an uncommon, 
life-threatening infection of the renal parenchyma char-
acterized by gas formation.33 Most patients are women 
(2 : 1) and diabetic (90%), with a mean age of 55 years. 
In diabetic patients, EPN tends to occur in nonob-
structed collecting systems; the reverse is true in nondia-
betic patients. Bilateral disease occurs in 5% to 10% of 
EPN patients. Escherichia coli is the offending organism 
in 62% to 70% of cases; Klebsiella (9%), Pseudomonas 
(2%) Proteus, Aerobacter, and Candida are additional 
causative organisms.25,30 At presentation, most patients 
are extremely ill with fever, flank pain, hyperglycemia, 
acidosis, dehydration, and electrolyte imbalance;34 18% 
present only with fever of unknown origin (FUO).35

A B

FIGURE 9-21. Pyonephrosis. Sagittal sonograms in two patients show dilated collecting systems with dependent internal debris. A, 
Obstructing stone in ureteropelvic junction. B, Layering debris within the dilated collecting system of elderly woman with a malignant 
distal ureteral obstruction.
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pound papillae, which are typically found at the poles of 
the kidneys. Cortical scarring therefore tends to occur 
over polar calyces. There is associated papillary retraction 
with caliceal clubbing. At ultrasound, a dilated blunt 
calix is seen, associated with overlying cortical scar or 
cortical atrophy39 (Fig. 9-25). These changes may be 
multicentric and bilateral. If the disease is unilateral, 
there may be compensatory hypertrophy of the contra-
lateral kidney. If the disease is multicentric, compensa-
tory hypertrophy of normal intervening parenchyma 
may create an island of normal tissue simulating a tumor.

Chronic Pyelonephritis

Chronic pyelonephritis is an interstitial nephritis often 
associated with vesicoureteric reflux. Reflux nephropa-
thy is believed to cause 10% to 30% of all cases of end-
stage renal disease (ESRD)38 (Fig. 9-24). Chronic 
pyelonephritis usually begins in childhood and is more 
common in women. The renal changes may be unilateral 
or bilateral but usually are asymmetrical. Reflux into the 
collecting tubules occurs when the papillary duct orifices 
are incompetent. This reflux occurs more often in com-

A B

FIGURE 9-22. Emphysematous pyelonephritis type 1 (EPN1). A, Sagittal sonogram of right renal fossa shows extensive 
shadowing from gas obscuring the underlying kidney. B, CT scan demonstrates diffuse parenchymal destruction of the right kidney with 
extensive mottled gas. Caution must be exercised to avoid missing EPN1 altogether on ultrasound. Failure to see a kidney in a septic 
patient should prompt alternative cross-sectional imaging.
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FIGURE 9-23. Emphysematous pyelitis. A, Transverse sonogram of left kidney shows “clean” shadowing posterior to a renal 
calculus (C) and “dirty” shadowing posterior to nondependent collecting system gas (G). B, Confirmatory unenhanced CT image shows 
both a calculus and gas within the left collecting system.
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FIGURE 9-24. Reflux nephropathy: renal transplantation evaluation. A, Sagittal sonogram shows marked right hydro-
nephrosis and absence of overlying cortex. B, Cystogram confirms massive bilateral ureteral reflux.
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FIGURE 9-25. Chronic pyelonephritis. A, Sagittal sonogram demonstrates echogenic parenchyma with atrophy most marked at 
the renal poles (arrows). Dilation of the collecting system is from chronic vesicoureteric reflux. B, Sagittal sonogram shows an atrophic 
kidney with scarring and dilation of the collecting system caused by reflux. C, Sagittal sonogram shows an echogenic wedge-shaped scar 
in the midpole of the kidney; D, confirmatory CT scan.
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UTI, renal vein thrombosis, prolonged hypotension 
urinary tract obstruction, dehydration, sickle cell anemia, 
and hemophilia.45 Initially, the papilla swells, then a 
communication with the caliceal system occurs. The 
central aspect of the papilla cavitates and may slough. 
Occasionally, a necrotic papilla may calcify. The sono-
graphic findings parallel the pathologic changes. Swollen 
pyramids may be seen but can be difficult to recognize 
(Fig. 9-27). With papillary cavitation, ultrasound shows 
cystic collections within the medullary pyramids. If the 
papilla sloughs, the affected adjacent calyx will be 
clubbed. The sloughed papilla can be seen in the collect-
ing system as an echogenic nonshadowing structure. If 
the sloughed papilla calcifies, distal acoustic shadowing 
simulating medullary nephrocalcinosis will be seen.46 
Hydronephrosis may develop if the sloughed papilla 
obstructs the ureter.

Xanthogranulomatous Pyelonephritis

Xanthogranulomatous pyelonephritis (XGP) is a chronic, 
suppurative renal infection in which destroyed renal 
parenchyma is replaced with lipid-laden macrophages. 
XGP is typically unilateral and may be diffuse, segmen-
tal, or focal. XGP is typically associated with nephroli-
thiasis (70%) and obstructive nephropathy.40-42 The 
disease most commonly occurs in middle-aged women 
and diabetic patients.42 Presenting signs are nonspecific: 
pain, mass, weight loss, and UTI (Proteus or E. coli).40 
The diffusely involved kidney is usually nonfunctional. 
Ultrasound findings of diffuse XGP include renal 
enlargement, maintenance of a reniform shape and lack 
of corticomedullary differentiation. Multiple hypoechoic 
areas correspond to dilated calices or inflammatory 
parenchymal masses.40 Through-transmission is variable 
and depends on the degree of liquefaction of the paren-
chymal masses. Occasionally, the large, complex cystic 
masses may mimic pyonephrosis. A staghorn calculus 
will result in extensive shadowing from the central renal 
sinus (Fig. 9-26). Perinephric extension may occur, but 
this is often best appreciated with CT. Diffuse XGP has 
no specific sonographic features but is suggested when 
parenchymal thinning, hydronephrosis, stones, debris in 
a dilated collecting system, and perinephric fluid collec-
tions are present.43 Segmental XGP will be seen as one 
or more hypoechoic masses, often associated with a 
single calyx.40,44 An obstructing calculus may be seen 
near the papilla. Focal XGP arises in the renal cortex and 
does not communicate with the renal pelvis. It cannot 
be distinguished sonographically from tumor or abscess.40

Papillary Necrosis

Causative factors implicated in the ischemia that leads 
to papillary necrosis include analgesic abuse, diabetes, 
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FIGURE 9-26. Xanthogranulomatous pyelonephritis. A, Sagittal sonogram demonstrates a large central mass with calcifica-
tion. Caliceal dilation with purulent debris is noted (arrow). B, Confirmatory CT image shows a large staghorn calculus with proximal 
hydronephrosis and multiple intrarenal abscesses.

SONOGRAPHIC FINDINGS OF 
PAPILLARY NECROSIS

Swollen pyramids
Papillary cavitation
Adjacent clubbed calix
Sloughed papilla in collecting system that can 

calcify and simulate a stone
Sloughed papilla may cause obstruction

Tuberculosis

Urinary tract tuberculosis (TB) occurs with hematoge-
nous seeding of the kidney by Mycobacterium tuberculosis 
from an extraurinary source (typically lung). Urinary 
tract TB usually manifests 5 to 10 years after the initial 
pulmonary infection. Chest radiographs may be normal 
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frequency) are also nonspecific. If edema occurs at  
the bladder trigone, ureteric obstruction may occur. At 
ultrasound, early bladder involvement will appear as 
focal or diffuse wall thickening; the thickening can be 
quite extensive (Fig. 9-28).

The later or more chronic changes of genitourinary 
tract TB include fibrotic strictures, extensive cavitation, 
calcification, mass lesions, perinephric abscesses, and fis-
tulas.47 The chronic changes, in particular those related 
to fibrotic strictures, result in significant functional renal 
damage. Strictures may occur anywhere in the intrarenal 
collecting system and ureter. The obstruction then 
results in proximal collecting system dilation and pres-
sure atrophy of the renal parenchyma (Fig. 9-29). With 

(35%-50%) or may show active TB (10%) or inactive 
healed TB (40%-55%). Most patients present with 
lower urinary tract signs and symptoms that include 
frequency, dysuria, nocturia, urgency, and gross or 
microscopic hematuria; 10% to 20% of patients will be 
asymptomatic.47 Urinalysis findings suggestive of urinary 
tract TB include sterile pyuria, microscopic hematuria, 
and acid pH. TB is definitively diagnosed with acid-fast 
bacilli urine cultures; however, this usually requires 6 to 
8 weeks for growth.

Although both kidneys are seeded initially, clinical 
manifestations of urinary tract TB are typically unilat-
eral. The early or acute changes include development of 
multiple small bilateral tuberculomas. Das et al.48 found 
that the most frequently encountered sonographic 
abnormality was focal renal lesions. Small focal lesions 
(5-15 mm) were echogenic or were hypoechoic with an 
echogenic rim. Larger, mixed-echogenicity focal lesions 
(>15 mm) were poorly defined. Bilateral disease was 
noted in 30% of patients. Most tuberculomas will heal 
spontaneously or after antituberculous therapy. At some 
later date (perhaps years later), one or more of the tuber-
cles may enlarge. With enlargement, cavitation and com-
munication with the collecting system will occur. The 
resultant pathologic changes resemble papillary necrosis; 
papillary involvement is noted when a sonolucent linear 
tract is shown extending from the involved calix into the 
papilla. Soft tissue caliceal masses representing sloughed 
papilla may be seen. After rupture into the collecting 
system, M. tuberculosis bacilluria develops and allows the 
spread of the renal infection to other parts of the urinary 
tract. Spasm or edema in the region of the ureterovesical 
junction may occur, giving rise to hydronephrosis  
and hydroureter. Ureteric linear ulcers may also occur, 
typically within the distal ureter. Bladder involvement is 
seen in 33% of patients with genitourinary tract TB.48 
Early bladder manifestations include mucosal edema  
and ulceration. Early clinical symptoms (dysuria and 
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FIGURE 9-27. Papillary necrosis. A, Sagittal, and B, transverse, sonograms show swollen bulbous papillae.

FIGURE 9-28. Acute urinary bladder tuberculosis. 
Transverse transvaginal sonogram shows marked urothelial thick-
ening of the left bladder wall (arrowheads) and of the distal left 
ureter at the ureterovesical junction (arrow).
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involvement. The abscesses may calcify over time.54 
Extension into the perinephric space is also possible. 
Invasion of the collecting system ultimately results in 
fungus balls. Collecting system mycetomas may be dif-
ferentiated from blood clots, radiolucent stones, transi-
tional cell tumors, sloughed papillae, fibroepithelial 
polyps, cholesteatomas, and leukoplakia based on clini-
cal history and urine cultures.55-57 On sonography, can-
didal microabscesses are typically small, hypoechoic 
cortical lesions; the appearance is similar to other bacte-
rial abscesses. Fungus balls appear as echogenic, non-
shadowing soft tissue masses within the collecting 
system58 (Fig. 9-30). Fungus balls are mobile and may 
cause obstruction and hydronephrosis.

Parasitic Infections

A wide variety of parasitic infections are common in 
developing countries, but sonographers should be famil-
iar with three parasitic infections of the urinary tract: 
schistosomiasis, echinococcal (hydatid) disease, and 
filariasis.

Schistosomiasis

Schistosoma haematobium is the most common agent to 
affect the urinary tract. The worms enter the human host 
by penetrating the skin. They are then carried via the 
portal venous system to the liver, where they mature into 
their adult form. S. haematobium likely enters the peri-
vesical venous plexus from the hemorrhoidal plexus.59 
The female worm then deposits eggs into the venules of 
the bladder wall and ureter. Granuloma formation and 
obliterative endarteritis occur. Serologic tests demon-
strating ova allow diagnosis. Hematuria is the most fre-
quent complaint.59

time, calcification in the areas of caseation or sloughed 
papilla may occur. If renal infection ruptures into the 
perinephric space, an abscess may develop. Perinephric 
abscesses may ultimately result in fistulas to adjacent 
viscera. The hallmark of chronic, upper tract renal TB 
is a small, nonfunctional, calcified kidney, the “putty” 
kidney. In the bladder, chronic infection and fibrosis 
results in a thickened, small-capacity bladder.47 Speckled 
or curvilinear calcification of the bladder wall may rarely 
occur.49

Most cases of genitourinary tract TB can be diagnosed 
with a combination of intravenous/retrograde urogra-
phy, ultrasound, CT, and CT urography.50 Premkumar 
et al.51 demonstrated in 14 patients with advanced 
urinary tract TB that detailed morphologic information 
and functional renal status are best assessed with CT and 
urography. Das et al.52 reported that ultrasound-guided, 
fine-needle aspiration (1) may be diagnostic in patients 
with negative urine cultures and (2) may confirm a diag-
nosis of upper genitourinary tract TB in those patients 
with suspicious lesions and positive cultures.

Fungal Infections

Patients with a history of diabetes mellitus, chronic 
indwelling catheters, malignancy, hematopoietic disor-
ders, chronic antibiotic or steroid therapy, transplanta-
tion, and IV drug abuse are at risk for developing fungal 
infections of the urinary tract.53

Candida albicans

Candida albicans is the most common fungal agent that 
affects the urinary tract. Renal parenchymal involve-
ment, typically manifested by small parenchymal 
abscesses, occurs in the context of diffuse systemic 

FIGURE 9-29. Chronic renal tuberculosis. Sagittal 
sonogram shows upper-pole and midpole caliceal clubbing with 
marked overlying parenchymal atrophy. A focal area of calcifica-
tion (arrow) in the region of the upper-pole infundibulum is 
noted.

FIGURE 9-30. Fungus ball. Sagittal sonogram shows an 
echogenic soft tissue mass within a dilated upper-pole cortex.
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and the more common Echinococcus granulosus. Renal 
hydatid disease is found in 2% to 5% of patients with 
hydatid disease,59 is usually solitary, and typically involves 
the renal poles.61 Hydatid cysts may occur along the 
ureter or within the bladder. Each hydatid cyst consists 
of pericyst, ectocyst, and endocyst. Echinococcal disease 
is often silent until the cyst has grown large enough to 
rupture or compress adjacent structures.

The ultrasound manifestation of early hydatid disease 
is an anechoic cyst that may have a perceptible wall. Mural 
nodularity suggests scolices. When daughter cysts are 
present, a multiloculated cystic mass will be shown (Fig. 
9-32). The membranes from the endocyst may detach and 
precipitate to the bottom of the hydatid fluid to become 
“hydatid sand.”62 Varying patterns of calcification may 
occur, ranging from eggshell to dense reticular calcifica-
tion. Ring-shaped calcifications inside a larger, calcified 
lesion suggest calcified daughter cysts.59,62 A specific ultra-
sound diagnosis may be difficult without an appropriate 
clinical history. However, several features may suggest 
hydatid disease, including floating membranes, daughter 
cysts, and thick, double-contour cyst walls.63

Filariasis

Most patients with filariasis (Wuchereria bancrofti) are 
infected between 10 and 12 years of age, although the 
signs and symptoms of elephantiasis, chyluria, and 
chylous ascites usually do not develop until 5 to 20 years 
after initial infection. Filariasis is transmitted to humans 
by mosquitoes, and the worms migrate into the lymphat-
ics.59 A granulomatous inflammatory reaction occurs. 
Obstruction of the retroperitoneal lymphatics leads to 
dilation, proliferation, and subsequent rupture of these 
lymphatics into the pelvicaliceal (pyelocalyceal) system. 
Diagnosis is usually made by lymphangiography.64 
Sonography is not helpful.

At sonography, the kidneys are normal until late in 
the disease. Pseudotubercles develop in the ureter and 
bladder, and the urothelium becomes thickened (Fig. 
9-31). Over time the pseudotubercles calcify; the calci-
fication may be fine, granular and linear, or thick and 
irregular.60 If repeated infections occur, the bladder will 
become small and fibrotic. Bladder stasis results in an 
increased incidence of ureteral and bladder calculi.59 
Patients with chronic disease also have an increased inci-
dence of squamous cell carcinoma.59

Echinococcal (Hydatid) Disease

The two major types of hydatid disease that affect the 
urinary tract are caused by Echinococcus multilocularis 

FIGURE 9-31. Bladder schistosomiasis. Sagittal sono-
gram reveals asymmetrical bladder wall thickening.

A B

FIGURE 9-32. Renal hydatid cyst. A, Sagittal sonogram shows a complex multiloculated lower-pole cystic mass. B, Contrast-
enhanced CT shows multiple confluent daughter cysts. (Case courtesy Drs. Vikram Dogra and Suleman Merchant.)
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centers have also evaluated the utility of renal transplan-
tation in patients with well-controlled HIV infection.70 
In HIV positive patients, HIVAN is the most common 
cause of chronic kidney disease; black patients are at 
particular risk. The histologic hallmark of HIVAN  
is focal segmental glomerulosclerosis. Nephropathy in 
HIV-positive patients may also be caused by HIV 
immune complex disease and HIV thrombotic microan-
giopathy. However, other disease processes not directly 
associated with HIV infection (e.g., hypertension, dia-
betic nephropathy, interstitial nephritis) may result in 
ESRD in patients successfully treated with HAART.71 
Definitive diagnosis of HIVAN is usually made after 
renal biopsy. Renal sonography is useful in these patients 
to exclude obstruction and determine renal size. Early 
reports also suggested that greatly increased renal echo-
genicity is a fairly specific finding of HIVAN (and 
heroin nephropathy).65,72,73 This was also the most 
common appearance in the largest series performed to 
date (Fig. 9-34). Other features in this series of 152 
HIV-positive patients with renal insufficiency included: 
globular-appearing kidneys, decreased corticomedullary 
differentiation, decreased renal sinus fat, and parenchy-
mal heterogeneity.74

Cystitis

Infectious Cystitis

Women are at increased risk for cystitis because of colo-
nization of the short female urethra by rectal flora. 
Bladder outlet obstruction or prostatitis results in cystitis 

Acquired Immunodeficiency 
Syndrome

The disease course and imaging manifestations of human 
immunodeficiency virus (HIV) infection, AIDS, and 
HIV-associated nephropathy have rapidly evolved largely 
because of advances in the care of HIV-positive patients. 
Highly active antiretroviral therapy (HAART) has 
resulted in a decreased incidence of opportunistic infec-
tions and improved survival.

Early reports in the radiology literature noted the 
increased incidence of opportunistic genitourinary infec-
tions (cytomegalovirus [CMV], Candida albicans, Cryp-
tococcus, Pneumocystis jiroveci [formerly P. carinii], 
Mycobacterium avium-intracellulare, Mucormycosis) and 
tumors (lymphoma, Kaposi’s sarcoma) in these immu-
nocompromised patients.65 The appearance of these 
infections is often nonspecific (and now rare), but diffuse 
visceral/renal calcifications may suggest disseminated P. 
jiroveci, CMV, or M. avium-intracellulare infections66-68 
(Fig. 9-33). The genitourinary infections that now occur 
in these patients, including pyelonephritis, renal 
abscesses, and cystitis, are similar to those seen in non-
HIV-infected individuals.

Use of HAART has also changed the spectrum of 
chronic renal diseases seen in HIV-positive patients. The 
incidence of ESRD in HIV patients decreased initially 
after the institution of HAART; however, the increased 
prevalence of HIV in the U.S. population has resulted 
in an increased number of patients with HIV-associated 
nephropathy (HIVAN).69 Renal replacement therapy is 
a viable long-term option for these patients; several 

A B

FIGURE 9-33. Proven Pneumocystis nephropathy in an AIDS patient. A, Sagittal, and B, transverse, sonograms show 
multiple scattered echogenic foci within the renal parenchyma. Some foci demonstrate the distal acoustic shadowing of calcification. Similar 
findings are seen in the liver. (From Spouge AR, Wilson S, Gopinath N, et al. Extrapulmonary Pneumocystis carinii in a patient with AIDS: 
sonographic findings. AJR Am J Roentgenol 1990;155:76-78.)
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severely ill patients, the urothelium is ulcerated and 
necrotic and may slough completely. Emphysematous 
cystitis may be suggested at sonography when echogenic 
foci within the bladder wall are associated with “ring-
down” artifact or dirty shadowing79 (Fig. 9-36). Gas may 
be seen in the lumen as well. The bladder wall is usually 
thickened and echogenic.33

Chronic Cystitis

Chronic inflammation of the bladder may be caused by 
various agents. Although the histology may also vary, the 
imaging manifestations, including a small, thickened 
bladder, are nonspecific. Chronic cystitis may result in 
invagination of solid “nests” of urothelium into the 
lamina propria (Brunn’s epithelial nests), which may 
result in morphologic changes that mimic neoplasia.80 If 
the central portion of a Brunn’s nest degenerates, a cyst 
results (cystitis cystica). If chronic irritation persists, the 
Brunn’s nests may develop into glandular structures (cys-
titis glandularis). These may be a precursor of adeno-
carcinoma.75 Cystitis cystica and cystitis glandularis may 
be manifested at ultrasound as bladder wall cysts or solid 
papillary masses (see Fig. 9-35). Differentiation from 
malignancy is impossible with imaging, and cystoscopy 
with biopsy is necessary for diagnostic confirmation.

in men. The most common offending pathogen is  
E. coli.75 Mucosal edema and decreased bladder capacity 
are common. Findings may be more prominent at the 
trigone and bladder neck. Patients will present with 
bladder irritability and hematuria. The most common 
finding at sonography is diffuse bladder wall thickening. 
If cystitis is focal, pseudopolyps may form which are 
impossible to differentiate from tumor76 (Fig. 9-35).

Malacoplakia

Malacoplakia is a rare granulomatous infection with a 
predilection for the urinary bladder. The disease is seen 
more often in women (4 : 1), with a peak incidence  
in the sixth decade.77 The pathogenesis of malacoplakia 
is not known; however, an association with diabetes 
mellitus, alcoholic liver disease, mycobacterial infec-
tions, sarcoidosis, and transplantation suggests an 
altered immune response.78 Patients may present with 
hematuria and symptoms of bladder irritability. At 
sonography, single or multiple mucosal-based masses 
ranging from 0.5 to 3.0 cm are seen, typically at the 
bladder base. Malacoplakia may be locally invasive77 
(Fig. 9-35, B).

Emphysematous Cystitis

Emphysematous cystitis occurs most often in female 
patients and those with diabetes. Patients present with 
symptoms of cystitis and occasionally have pneumatu-
ria.75 The most common offending organism is E. coli. 
Both intraluminal and intramural gas is present, but 
frank gangrene of the bladder rarely occurs. In these 

FIGURE 9-34. HIV-associated nephropathy 
(HIVAN). Transverse sonogram shows greatly increased 
renal echogenicity. Biopsy confirmed focal segmental 
glomerulosclerosis.
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Occasionally, linear bands of varying echogenicity may 
be seen.82,83 If the bladder communicates with gut, 
vagina, or skin, an abnormal collection of gas may be 
seen in the bladder lumen. At ultrasound, this appears 
as a nondependent linear echogenic focus with distal 
dirty shadowing. Palpation of the abdomen during scan-
ning may cause gas to percolate through the fistula, 
enhancing its detection83 (Fig. 9-36). For depicting often 
short vesicovaginal fistulas, color Doppler sonographic 
flow jets may be shown with diluted microbubble con-
trast agents in the bladder.84

Renal Calculi

Renal stones are common, with a reported prevalence of 
12% in the general population.85 Stone disease increases 
with advancing age, and white men are most often 
affected. From 60% to 80% of calculi are composed of 
calcium.86 Multiple predisposing conditions, including 
dehydration, urinary stasis, hyperuricemia, hyperpara-

FISTULAS, STONES (CALCULI), 
AND CALCIFICATION

Bladder Fistulas

Bladder fistulas may be congenital or acquired. Causes 
of acquired fistulas include trauma, inflammation, radia-
tion, and neoplasm. Fistula from the bladder to the 
vagina, gut, skin, uterus, and the ureter may occur. Vesi-
covaginal fistulas are most often related to gynecologic 
or urologic surgery, bladder carcinoma, and carcinoma 
of the cervix. Vesicoenteric fistulas typically occur as a 
complication of diverticulitis or Crohn’s disease. Vesi-
cocutaneous fistulas result from surgery or trauma. 
Vesicouterine fistulas are a rare complication of cesarean 
section. Vesicoureteral fistulas are also rare and usually 
occur after hysterectomy.81

All these fistulas are difficult to identify directly by 
sonography because the tracts are often thin and short. 

A

C

B

FIGURE 9-35. Infectious cystitis. A, Transverse decubitus 
sonogram reveals bladder wall thickening (arrowheads) with pseudo-
polyp formation (arrows). B, Bladder malacoplakia. Transverse sono-
gram shows a mucosal-based mass with focal invasion of the prostate 
gland. C, Cystitis glandularis. Transverse sonogram shows a solid 
papillary mass.
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Renal calculi can be detected using many different 
imaging modalities, including plain films, tomography, 
intravenous urography (IVU), ultrasound, and unen-
hanced CT. The imaging approach for the detection of 
calculi, particularly in patients with renal colic, has dra-
matically changed over the past generation. Even before 
the introduction of unenhanced CT,88 the historical 
“gold standard” for ureteral colic investigation, IVU, had 
been replaced in many centers with a combination of 
plain abdominal films and ultrasound. Sensitivities of 
12% to 96% for the ultrasound detection of calculi have 
been reported. This wide discrepancy is a result of dif-
fering definitions (renal or ureteral), composition, and 
sizes of calculi.89 Middleton et al.90 reported a 96% ultra-
sound sensitivity for renal stone detection, which was 
slightly inferior to the 1988 gold standard of a combina-
tion of plain radiography with tomography. Stones 

thyroidism, and hypercalciuria, may result in renal 
calculi, but no cause is identified in most patients. Cali-
ceal calculi that are nonobstructing are usually asymp-
tomatic. Patients with small caliceal calculi may still have 
gross or microscopic hematuria and may have colic 
symptoms despite the lack of imaging findings suggestive 
of obstruction.87 A calculus that migrates and causes 
infundibular or UPJ obstruction often results in clinical 
signs and symptoms of flank pain. If a stone passes into 
the ureter, the calculus may lodge in three areas of ure-
teric narrowing: just past the uteropelvic junction (UPJ); 
where the ureter crosses the iliac vessels; and at the  
ureterovesical junction (UVJ). The very small diameter 
of the UVJ (1-5 mm) accounts for the large percentage 
of calculi that lodge within the distal ureter.86 Approxi-
mately 80% of stones smaller than 5 mm will pass 
spontaneously.

A B

DC

FIGURE 9-36. Gas within the bladder; emphysematous cystitis. A, Transverse sonogram shows an anterior linear echo-
genic line with dirty shadowing and a multiple posterior reflection artifacts within the bladder. B, Confirmatory plain film demonstrates 
extensive gas in the bladder wall. C, Iatrogenic air introduced at cystoscopy appears as a nondependent bright echogenic focus with multiple 
reflection artifacts. D, Enterovesical fistula (arrow) showing gas in the bladder as multiple bright echogenic foci on a transvaginal sonogram. 
(From Damani N, Wilson S. Nongynecologic applications of transvaginal ultrasound. RadioGraphics 1999;19:S179-S200.)
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ureteral calculi that are not seen with a transabdominal 
suprapubic approach.83,103,104 When the ureter is dilated, 
the distal 3 cm will be seen as a tubular hypoechoic 
structure entering the bladder obliquely. A stone will be 
identified as an echogenic focus with sharp, distal acous-
tic shadowing within the ureteric lumen (Fig. 9-41). 
There may be associated mucosal edema at the bladder 
trigone. Transabdominal evaluation of the ureteral ori-
fices for jets is helpful to assess for obstruction.105 At 
gray-scale ultrasound, a stream of low-level echoes can 
be seen entering the bladder from the ureteral orifice. 
The jet is likely shown at ultrasound because of a density 
difference between the jet and urine in the bladder.106 
Good hydration before the study maximizes the density 
difference between ureteral and bladder urine. Patients 
should be instructed not to empty the bladder completely 
after hydration; the density difference between concen-
trated urine in the bladder and low–specific gravity urine 
in the ureter after hydration allows a jet to be seen.107

greater than 5 mm were detected with 100% sensitivity 
by ultrasound. Ultrasound with or without plain radiog-
raphy competes favorably with unenhanced CT in 
patients with ureteral colic.91-93 The sensitivity of ultra-
sound detection of urinary calculi in patients with acute 
flank pain is 77% to 93%.94-96 Because of the high nega-
tive predictive value of ultrasound in patients with flank 
pain, some advocate sonography as the initial screening 
test, particularly for patients with “minor colic.”89

The growing public awareness of the radiation risks 
of CT,97 particularly with repeated exposures, may 
prompt this more nuanced, cost-effective approach, even 
in centers with reduced-dosing protocols. However, CT 
would still be used for (1) patients with severe pain in 
whom the size and location of ureteral calculi are poorly 
shown and (2) patients whose initial screening ultra-
sound examination is negative or equivocal.

Operator technique clearly impacts the ability of 
ultrasound to depict renal calculi. On sonography, renal 
calculi are seen as echogenic foci with sharp, distal acous-
tic shadowing (Fig. 9-37). Even in favorable locations, 
however, minute urinary tract calculi may be difficult to 
detect if they have a weak posterior acoustic shadow. The 
trade-off between tissue penetration and resolution 
should be considered when selecting probe frequency, 
with appropriate focal zones applied to maximize signa-
ture shadowing. Kimme-Smith et al.98 showed that 
annular array transducers are able to demonstrate stone 
shadowing to better advantage than mechanical sector 
transducers. Harmonic imaging should also be routinely 
used, particularly in obese patients. The application of 
color Doppler may also improve the detection of small, 
minimally shadowing calculi.99 Lee et al.100 demon-
strated that most urinary tract stones (83%) show color 
and power Doppler sonographic twinkling artifacts, 
although the artifact at least partially depends on stone 
composition101 (Fig. 9-38).

Several features that mimic renal calculi at ultrasound 
may result in false-positive examinations, including intra-
renal gas (see Fig. 9-23), renal artery calcification (Fig. 
9-39), calcified sloughed papilla, calcified transitional cell 
tumor, alkaline-encrusted pyelitis, and encrusted ureteral 
stents. Although the ultrasound evaluation of the second-
ary manifestation of an obstructing ureteral calculus—
collecting system dilation—is usually straightforward, 
pitfalls include (1) evaluation before hydronephrosis 
develops, leading to a false-negative result, and (2) mis-
taking parapelvic cysts and nonobstructive pyelocaliecta-
sis as hydronephrosis.102

Ureteral Calculi

The search for ureteral calculi may be particularly diffi-
cult at sonography because of overlying bowel gas and 
the deep retroperitoneal location of the ureter (Fig. 
9-40). However, transvaginal or transperineal scanning 
may be an optimal way to detect and demonstrate distal 

ENTITIES THAT MIMIC  
RENAL CALCULI

Intrarenal gas
Renal artery calcification
Calcified sloughed papilla
Calcified transitional cell tumor
Alkaline-encrusted pyelitis
Encrusted calcification of ureteric stent

In addition to gray-scale evaluation, Doppler ultra-
sound improves detection of ureteric jets. Color Doppler 
allows for simultaneous visualization of both ureteral 
orifices105 (Fig. 9-42). Depending on the state of hydra-
tion, jet frequency may vary from less than one per 
minute to continuous flow; however, jets should be sym-
metrical in a healthy individual. Patients with high-grade 
ureteral obstruction will have either a completely absent 
jet or a continuous, low-level jet on the symptomatic 
side. Patients with low-grade obstruction may or may 
not have asymmetrical jets105 (Fig. 9-42). Semiqualita-
tive assessment of relative jet frequency from the affected 
side108 may improve diagnostic accuracy, but this tech-
nique has not been widely adopted. Thus, centers that 
do evaluate ureteral jets with color Doppler use the tech-
nique as an adjunct for assessing ureteric obstruction and 
the possibility of spontaneous ureteral stone passage. 
Geavlete et al.109 found that if there was an intravesical 
ureteric jet on the renal colic side associated with resistive 
index (RI) values of 0.7 or less and delta RI values of 
0.06 or less, spontaneous passage of the stone occurred 
in 71% of cases.

Initial studies suggested that the addition of renal 
duplex Doppler to the gray-scale ultrasound examina-
tion may allow diagnosis of both acute and chronic 
urinary tract obstruction.110 Several studies indicated 
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FIGURE 9-37. Renal calculi. Sagittal sonograms. A, Small, 
midpole echogenic foci with shadowing representing nonobstruct-
ing calculi. B, Multiple lower-pole and renal pelvic calculi with 
associated mild hydronephrosis. C, Large staghorn calculus with 
severe upper-pole caliectasis (arrowheads).

A B

FIGURE 9-38. Twinkle artifacts indicating renal calculi. A, Sagittal sonogram shows two subtle echogenic foci in the lower 
pole of the kidney. B, The addition of color Doppler showing a twinkle artifact confirms calculi.

that the complex hemodynamics that occur with unre-
lieved obstruction may be semiquantitatively assessed by 
measuring intrarenal arterial resistive indices (RI = peak 
systolic velocity – end diastolic velocity/peak systolic 
velocity). It is believed that with obstruction, renal pelvic 

wall tension increases, initially resulting in a short  
period of prostaglandin-mediated vasodilation.111 With 
prolonged obstruction, many hormones, including 
renin-angiotensin, kallikrein-kinin, and prostaglandin-
thromboxane, reduce vasodilation and produce diffuse 
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FIGURE 9-39. Sonographic feature mimicking 
renal calculus. Transverse sonogram shows a linear distal renal 
artery calcification.

A B

FIGURE 9-40. Distal ureteral calculi. Sagittal sonograms of the distal ureters in two patients. A, Calculus is 1 cm from the 
ureterovesical junction (UVJ), with extensive edema of the distal ureteric mucosa. B, Tiny calculus at UVJ with no obvious edema. Note 
posterior acoustic shadowing.

vasoconstriction. Platt et al.110 used a threshold RI of 
greater than 0.70 to indicate obstruction, noting a dif-
ference in RI of 0.08 to 0.1 when comparing the patients’ 
obstructed and nonobstructed kidneys. Initial reports 
advocating the Doppler assessment of renal obstructive 
physiology were tempered by a series of less promising 
studies.102,111 Suggested factors accounting for these dis-
couraging results included (1) a marginal elevation of RI 
with partial obstruction; (2) a decreased vasoconstricting 
response to obstruction in patients treated with nonste-
roidal anti-inflammatory drugs (NSAIDs); and (3) a 
generalized vasoconstricting response to iodinated con-

trast material used for the gold standard, IVU. Follow 
up studies using in vitro and ex vivo models also sug-
gested that the initial view of the RI as a surrogate for 
renal vascular resistance was flawed. The RI is largely 
dependent upon tissue/vascular compliance (diminished 
compliance results in elevated RI, and vice versa) and 
driving pulse pressures.112-115

Bladder Calculi

Bladder calculi most often result from migration from 
the kidney or bladder stasis. Urinary stasis is usually 
related to a bladder outlet obstruction, cystocele, neuro-
genic bladder, or a foreign body in the bladder. Bladder 
calculi may be asymptomatic. If symptomatic, patients 
will complain of bladder pain or foul-smelling urine with 
or without hematuria. At sonography, a mobile, echo-
genic focus with distal acoustic shadowing will be seen 
(Fig. 9-43). If the stone is large, edema of the ureteral 
orifices and thickening of the bladder wall may be shown. 
Occasionally, stones can adhere to the bladder wall 
because of adjacent inflammation; these calculi are 
known as “hanging” bladder stones.

Nephrocalcinosis

Nephrocalcinosis refers to renal parenchymal calcifica-
tion. The calcification may be dystrophic or metastatic. 
With dystrophic calcification, there is deposition of 
calcium in devitalized (ischemic or necrotic) tissue.116 
This type of parenchymal calcification occurs in  
tumors, abscesses, and hematomas. Metastatic nephro-
calcinosis occurs most often with hypercalcemic states 
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sis include hyperparathyroidism (40%), renal tubular 
acidosis (20%), medullary sponge kidney, bone metas-
tases, chronic pyelonephritis, Cushing’s syndrome, 
hyperthyroidism, malignancy, renal papillary necrosis, 
sarcoidosis, sickle cell disease, vitamin D excess, and 
Wilson’s disease.116

The Anderson-Carr-Randall theory of stone progres-
sion postulates that the concentration of calcium is high 

caused by hyperparathyroidism, renal tubular acidosis, 
and renal failure. Metastatic nephrocalcinosis can be 
further categorized by the location of calcium deposi-
tion as cortical or medullary. Causes of cortical neph-
rocalcinosis include acute cortical necrosis, chronic 
glomerulonephritis, chronic hypercalcemic states, ethyl-
ene glycol poisoning, sickle cell disease, and rejected 
renal transplants. Causes of medullary nephrocalcino-

A B

FIGURE 9-41. Ureterovesical calculus. Transvaginal sonograms in two patients show the value of this technique. A, Small calculus 
obstructs a mildly dilated ureter at UVJ. B, Larger calculus with extensive surrounding ureteric edema.

A B

FIGURE 9-42. Color Doppler evaluation of ureteral colic. Transverse images of the bladder in two patients. A, Normal 
symmetrical bilateral ureteral jets. B, Persistent left ureteral jet distal to a partially obstructing left UVJ calculus. Note twinkle artifact 
posterior to ureteral calculus.
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smoking,122 chemical exposure, asbestosis, obesity, and 
hypertension have been shown. The vast majority of 
RCCs are sporadic, but an estimated 4% occur in the 
context of inherited syndromes.123,124 These “inherited” 
RCCs occur at an earlier age, are multifocal and bilateral, 
and affect men and women equally.123 Von Hippel–
Lindau (VHL) disease is the most well-known inherited 
RCC syndrome; 24% to 45% of VHL patients will 
develop RCC (see later discussion). Most of these lesions 
are multicentric and bilateral, and all are clear cell carci-
nomas.125-127 Other inherited renal cancer syndromes 
include hereditary papillary renal cancer, Birt-Hogg-
Dubé syndrome, hereditary leiomyoma RCC, familial 
renal oncocytoma, hereditary nonpolyposis colon cancer, 
and medullary RCC. An increased incidence of RCC in 
patients with tuberous sclerosis has also been reported.124 
Another important, but nonsyndromic risk factor for 
RCC is the acquired cystic kidney disease (ACKD) 
that occurs in patients receiving long-term hemodialysis 
or peritoneal dialysis. The RCCs in these patients are 
small and hypovascular and tend to be relatively less 
aggressive.128,129

Histologic subtypes of RCC include clear cell (70%-
75%), papillary (15%), chromophobe (5%), oncocytic 
(2%-3%), and collecting duct or medullary (<1%) 
tumors. Patients with papillary, chromophobe, and 
oncocytic tumors have a much better prognosis than 
those with clear cell and collecting duct tumors. Attempts 
have been made to differentiate histologic subtypes at 
imaging, largely based on enhanced-CT kinetics, but to 
date, overlapping patterns have precluded attempts at 
preoperative imaging classification. However, potentially 
relevant features may be shown at ultrasound; for 
example, lack of necrosis and the presence of calcification 
appear to be associated with a better prognosis (papillary 
and chromophobe subtypes).130

in the fluid around the renal tubules. The calcium is 
removed by lymphatics, and if the amount exceeds lym-
phatic capacity, deposits of calcium in the fornical tips 
and margins of the medulla will result. The ultrasound 
manifestation of early medullary calcification may be 
nonshadowing echogenic rims surrounding medullary 
pyramids.117 However, increased medullary echogenicity 
may also be caused by medullary sponge kidney118 (Fig. 
9-44); it may be a normal transient finding in neo-
nates.119 Further calcium deposition results in acoustic 
shadowing at ultrasound (Fig. 9-45). The calcifications 
may perforate the calix and form a nidus for further 
stone growth.120

Although the physiology of cortical nephrocalcinosis 
differs from medullary nephrocalcinosis, its ultrasound 
manifestations are similar; early cortical calcification may 
be suggested by increased cortical echogenicity. With 
progressive calcification, a continuous, shadowing calci-
fied rim develops.

GENITOURINARY TUMORS

Renal Cell Carcinoma

Renal cell carcinoma (RCC) accounts for approximately 
3% of all adult malignancies and 86% of all primary 
malignant renal parenchymal tumors.121 There is a 2 : 1 
male predominance, and peak age is 50 to 70 years. The 
etiology is unknown, although weak associations with 

FIGURE 9-43. Bladder calculus. Transverse sonogram 
shows a dependent echogenic focus with posterior sharp acoustic 
shadowing.

FIGURE 9-44. Medullary sponge kidney. Sagittal sono-
gram shows greatly increased renal medullary echogenicity (“med-
ullary rings”).
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lesions less than 1 cm in diameter. Therefore a combina-
tion of ultrasound and CT is superior to either alone. 
With the advent of helical CT, respiratory misregistra-
tion and partial volume averaging can be eliminated. 
Nephrographic-phase helical CT scans enable better 
lesion detection and characterization.137-140 With com-
bined ultrasound and helical CT, other imaging is usually 
unnecessary in the evaluation of most renal masses.

Magnetic resonance imaging for renal mass character-
ization has improved significantly with the development 
of phased array multicoils, fast breath-hold imaging, and 
gadopentetate dimeglumine contrast enhancement. MRI 
has assumed an increasingly important niche in the 
detection and characterization of some renal masses.141,142 
A particular role is in the characterization of high-atten-
uation renal masses.143 Most centers, however, still 
reserve renal MRI for patients with (1) an allergy to 
iodinated contrast, (2) CT-indeterminate renal masses, 
or (3) extent of vascular involvement inadequately deter-
mined by ultrasound and CT. Previously, renal MRI was 
also performed to assess lesional enhancement in patients 
with renal insufficiency. However, recognition of the 
central role of gadolinium in the development of neph-
rogenic systemic fibrosis (NSF) highlighted the potential 
risks in these patients.144 Thus, ultrasound has again 
assumed a preeminent role for mass characterization in 
patients with renal insufficiency at risk for nephropathy 
after iodinated contrast exposure at CT or for NSF after 
gadolinium exposure at MRI.

The increased detection of smaller, incidental lesions 
and better understanding of the natural history of these 
tumors have led to less aggressive approaches to RCCs. 
The traditional surgical approach, radical nephrectomy, 
is now usually reserved for larger, central lesions.  
The greater likelihood of small, benign, solid lesions in 
elderly patients145 and the limited metastatic potential 
of small (<3 cm) lesions146 have prompted a “watchful 
waiting” approach, particularly in elderly or ill patients.147 
Nephron-sparing surgery (open/laparoscopic partial 

The natural history of RCC has dramatically changed 
with the advent of modern cross-sectional imaging. 
Before the advent of imaging, most patients with RCC 
presented with advanced metastatic disease. The classic 
diagnostic triad of flank pain, gross hematuria, and 
palpable renal mass was seen in only 4% to 9% of 
patients at presentation.131 Systemic symptoms (e.g., 
anorexia, weight loss) were common with advanced 
disease. Manifestations reported secondary to hormone 
production include erythrocytosis (erythropoietin), 
hypercalcemia (parathormone, vitamin D metabolites, 
prostaglandins), hypokalemia (ACTH), galactorrhea 
(prolactin), hypertension (renin), and gynecomastia 
(gonadotropin). RCC metastases to virtually every organ 
in the body have been described. Spontaneous regression 
of the primary tumor may occur, although the mecha-
nism is unclear.132

Imaging and Treatment Approaches

With the superior technology of current cross-sectional 
imaging techniques, sonographers are able to detect 
smaller renal masses. The prevalence rate of incidentally 
discovered occult renal cell carcinoma on CT is 
0.3%.133 Before the advent of CT, renal tumors less than 
3 cm represented 5% of lesions, whereas now these small 
lesions represent 9% to 38% of all renal tumors.134 War-
shauer et al.135 demonstrated the relative insensitivity of 
the prior cross-sectional imaging gold standard—excre-
tory urography/linear tomography—for the identifica-
tion of renal masses less than 3 cm in diameter and of 
ultrasound for masses less than 2 cm. Jamis-Dow et al.136 
found that CT was more sensitive than ultrasound for 
the detection of small renal masses (<1.5 cm), and that 
both ultrasound and CT could equally characterize a 
mass larger than 1 cm. They also demonstrated that a 
combination of ultrasound and CT allowed accurate 
characterization of a lesion larger than 1.0 cm in 95% 
of cases. Neither method could accurately characterize 

A B

FIGURE 9-45. Medullary nephrocalcinosis in two patients. A, Anderson-Carr kidney. Sagittal sonogram demonstrates 
increased echogenicity in a rimlike pattern around all medullary pyramids and several punctate, shadowing calculi. B, Sagittal sonogram 
shows extensive medullary calcification in a patient with renal tubular acidosis.
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intralesional cystic spaces were shown exclusively in 
several echogenic renal cell carcinomas (Fig. 9-47). Weak 
shadowing posterior to AMLs and hypoechoic halos or 
cystic spaces in RCCs were also thought to be character-
istic features.154 Nonetheless, imaging overlap should 
prompt definitive characterization by either MRI or 
CT.155

The exact pathologic basis for the hyperechoic appear-
ance of RCC is not understood, but increased echo-
genicity has been reported in RCCs with papillary, 
tubular, or microcystic architecture and in tumors with 
minute calcification, necrosis, cystic degeneration, or 
fibrosis.134 Macroscopic calcification may be identified in 
8% to 18% of RCCs. This calcification may be punctate, 
curvilinear, diffuse (rare), central, or peripheral.156-160 
Daniels et al.159 showed that central calcification was 
associated with a malignant tumor in 87% of cases. 
When posterior rim shadowing or diffuse calcification 
make it impossible to characterize a renal lesion by  
ultrasound, CT is needed to identify additional features 
of malignancy (e.g., enhancement of associated soft 
tissue mass).161

Papillary tumors account for 15% of all RCCs.130,162 
The papillary type is characterized by slower growth, a 
lower stage at presentation, and a better prognosis.163 
Papillary tumors also tend to be hypoechoic or isoechoic, 
although no consistent sonographic pattern exists, 
because some may also be hyperechoic.162

From 5% to 7% of all RCCs are cystic tumors.164 
Four histologic growth patterns within cystic RCCs have 
been described: multilocular, unilocular, necrotic (cystic 
necrosis), and tumors originating in a simple cyst165 

nephrectomy, laparoscopic cryoablation, percutaneous 
radiofrequency ablation/cryoablation) may be offered to 
younger patients or elderly patients unwilling or unable 
to undergo imaging surveillance. Primary/secondary effi-
cacy and long-term survival rates with these techniques 
are likely comparable to traditional nephrectomy.148 
Gervais et al.149 found that radiofrequency ablation 
(RFA) of exophytic RCCs up to 5 cm in size can be 
performed successfully (Fig. 9-46). Tumors with a com-
ponent in the renal sinus are more difficult to treat.

Sonographic Appearance

Most RCCs are solid at ultrasound. Tumors may be 
hypoechoic, isoechoic, or hyperechoic (Fig. 9-47). An 
early ultrasound series reported that the majority of 
RCCs are isoechoic (86%), whereas the minority are 
hypoechoic (10%) or echogenic (4%).150 Later series 
noted the ultrasound appearance of the smaller RCCs 
that are now often depicted with cross-sectional imaging. 
These smaller RCCs (<3 cm) are often echogenic com-
pared with surrounding renal parenchyma; Forman 
et al.151 found that 77% of smaller RCCs were echo-
genic, and Yamashita et al.,152,153 reported 61% as 
echogenic.

The small, echogenic RCC may be difficult to dif-
ferentiate from a benign angiomyolipoma (AML) at 
ultrasound. Yamashita et al.153 emphasized the overlap 
in RCC/AML imaging appearance, was although several 
distinguishing characteristics were reported. A thin, 
hypoechoic rim, thought to be a pseudocapsule at histol-
ogy, was reported in 84% of RCCs and no AMLs. Small, 

A B

FIGURE 9-46. Ultrasound-guided radiofrequency ablation of renal cell carcinoma. A, Transverse sonogram shows 
small (<3 cm), subtle, slightly echogenic renal cell carcinoma (arrowheads). B, Transverse sonogram during treatment shows ablation cloud 
(arrow).
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The use of Doppler ultrasound167 for detection of 
tumor vascularity has been reported for malignant lesions 
in the liver, kidneys, adrenal glands, and pancreas. Most 
malignant renal tumors (70%-83%) have Doppler shift 
frequency of 2.5 kHz.167-171 Similar changes may be 
noted with inflammatory masses; however, patients with 
renal infection should be clinically apparent. Unfortu-
nately, the absence of high-frequency Doppler shift  
does not exclude malignancy.170 Confirmation of blood 
flow within malignant solid and cystic renal tumors has 
also recently been performed with microbubble contrast 
agents and low–mechanical index (MI) pulse inversion 
sonography. Criteria for neovascularity used with CT  
or MRI for mass characterization—septal and nodular 
enhancement—can also be used with stable, second-
generation ultrasound contrast agents172,173 (Fig. 9-50). 

(Figs. 9-48 and 9-49). Recognition of subtypes may have 
clinical significance because the multilocular and uni-
locular subtypes seem to be less aggressive.164 At sonog-
raphy, multilocular cystic RCC will appear as a cystic 
mass with internal septations. These septations may be 
thick (>2 mm), nodular, and may contain calcification 
(see Fig. 9-47). The characteristic ultrasound appearance 
of a unilocular cystic RCC is a debris-filled mass with 
thick, irregular walls that may be calcified. The appear-
ance of necrotic RCCs at ultrasound depends on the 
degree of tumor necrosis. Tumors originating in a simple 
cyst are rare (excluding VHL patients). At ultrasound, a 
mural tumor nodule will be found at the base of a simple 
cyst. Helical CT with ultrasound usually allows accurate 
characterization of the internal nature of most cystic 
renal lesions.166
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FIGURE 9-47. Sonographic appearances of renal cell carcinoma on sagittal sonograms. A, Tiny incidental 
hypoechoic tumor. B, Small echogenic tumor with central cystic spaces. C, Small echogenic nodule simulating an angiomyolipoma. 
D, Exophytic echogenic midpole renal mass. E, Exophytic hypoechoic upper-pole renal mass. F, Large central renal sinus mass with no 
associated caliectasis. G, Large solid heterogeneous mass in the lower pole of the kidney compressing the renal pelvis with upper-pole 
caliectasis. H, Large infiltrative renal mass with maintenance of reniform shape. I, Large upper-pole cystic mass showing numerous thick 
internal septations.
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Biopsy and Prognosis

In the classic imaging paradigm, there was little role for 
percutaneous biopsy in the patient with a solitary, solid 
renal mass and no other known malignancy. Previ-
ously, ultrasound- or CT-guided biopsy was reserved 
for patients in whom renal lymphoma or metastases 
were considered and those in whom tissue confirmation 
of metastatic RCC was necessary.134,166,174 The dogma 
that “good radiologic imaging is virtually diagnostic in 
all cases” may not hold true in the era of ubiquitous 
helical CT scanning. Recent pathologic and biopsy 
series of small (<3 cm), solid enhancing renal masses 
have shown that a surprising number of these lesions 
are benign (i.e., fat-containing AMLs, oncocytomas, 
metanephric adenomas). Moreover, image-directed 
needle biopsy (aspiration or core) has been shown to be 
a relatively safe and usually conclusive procedure.175-179 
Further advances in immunohistology and greater 
acceptance of percutaneous ablation techniques will 
likely increase the role of imaging-directed, particularly 
ultrasound-guided, renal mass biopsy in the near future 
(Fig. 9-51).

For patients with imaging findings (or biopsy results) 
definitive for RCC, the stage at diagnosis directly 
impacts prognosis. The Robson staging classification for 
RCC follows:
I: Tumor confined within renal capsule.
II: Tumor invasion of perinephric fat.
III: Tumor involvement of regional lymph nodes or 

venous structures.
IV: Invasion of adjacent organs or distant metastases.

Five-year survival rates for patients with Robson  
stages I, II, III, and IV are 67%, 51%, 33.5%, and 
13.5%, respectively.180 Patients with stage I and stage 
II disease are treated surgically (partial or radical  
nephrectomy). Patients with stage III disease, with 
extensive metastatic lymphadenopathy, are often treated  

FIGURE 9-48. Cystic growth patterns of renal cell 
carcinoma. Upper pole, Multilocular; upper lateral, unilocular; 
lower lateral, cystic necrosis; lower pole, origin in the wall of a 
simple cyst. (From Yamashita Y, Watanabe O, Miyazaki H, et al. 
Cystic renal cell carcinoma. Acta Radiologica 1994;35:19-24.)
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FIGURE 9-49. Renal cell carcinoma within cyst. A, Complex cyst with mural nodule. B, Color Doppler shows flow within 
septation. (Case courtesy Vikram Dogra, MD.)

However, lack of U.S. Food and Drug Administration 
(FDA) approval, reimbursement issues, and logistics 
associated with technologist/radiologist-intensive, con-
trast-enhanced sonography protocols have hindered 
widespread adoption of this technique.
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cular involvement. In thin patients and in those with 
minimal bowel gas, however, the renal veins and retro-
peritoneum can be well assessed with ultrasound, which 
should be done in all patients with a renal mass. Sonog-
raphy is excellent for assessment of the intrahepatic IVC 
and for determination of the cephalad extent of venous 
tumor thrombus with RCC (Fig. 9-52). Habboub 
et al.183 found the accuracy of detecting renal vein and 
IVC involvement at sonography was 64% and 93%, 
respectively. The addition of color Doppler sonography 
improved accuracy for diagnosing both renal vein and 
IVC thrombus to 87% and 100%, respectively. It is 
crucial to determine the location and extent of vascular 

palliatively. Patients with stage III disease and tumor 
thrombus are treated with radical nephrectomy and 
thrombectomy. Patients with stage IV disease usually 
receive palliative treatment only,181 although greater 
understanding of the molecular biology of RCC has led 
to clinical trials of novel, small-molecule-targeted inhibi-
tors and monoclonal antibodies.182

Pitfalls in Interpretation

Ultrasound is inferior to CT and MRI for staging RCC. 
Unfortunately, obesity and overlying bowel gas often 
make it difficult to assess for lymphadenopathy or vas-
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FIGURE 9-50. Value of microbubble-enhanced sonography for determining vascularity of renal mass. 
A, Baseline transverse sonogram of exophytic hypoechoic midpole renal mass (arrow). B, Arterial phase enhancement immediately follow-
ing bolus injection of microbubbles. There are small linear vessels in the mass (arrow). C, Nephrographic phase image shows enhancement 
of both normal kidney and relatively hypovascular renal cell carcinoma. D, Delayed phase image shows de-enhancement of renal cell 
carcinoma. (Case courtesy Ed. Grant, MD.)



354  PART II ■ Abdominal, Pelvic, and Thoracic Sonography

those with Balkan nephritis, vesicoureteric reflux, mul-
tifocal recurrent bladder TCC, high-grade bladder 
tumors, carcinoma in situ of distal ureters after cystec-
tomy, analgesic abuse, heavy smoking habit, exposure to 
carcinogens, or cyclophosphamide therapy.186

Transitional cell carcinomas may be papillary or  
nonpapillary. Papillary TCCs are exophytic polypoid 
lesions attached to the mucosa by a stalk. This type of 
tumor tends to be lower grade at presentation; polypoid 
TCC typically infiltrates slowly and metastasizes late  
in the disease. Nonpapillary, sessile TCCs present as 
nodular or flat tumors; the mucosal thickening that is  
a hallmark of sessile TCC may be difficult to depict  
even at CT. These tumors are usually high grade and 
infiltrating.185

Renal Tumors

Transitional cell tumors of the kidney are more common 
in men than women (4 : 1). Renal TCC is typically seen 
in elderly patients; the mean age at diagnosis is 65 
years.185 About 75% of patients with renal pelvic tumors 
present with gross or microscopic hematuria; 25% have 
flank pain. Renal TCC is discovered incidentally in less 
than 5% of patients.185

Unfortunately, the sonographic assessment of the 
renal sinus poses unique problems and is a challenge to 
evaluate for pathologic processes because of its variable 
appearance. Fat within the renal sinus can appear as a 
hypoechoic mass and can simulate a solid TCC (Fig. 
9-53). In uncertain cases, confirmation with IVU or CT 
urography is recommended to rule out neoplasm, par-
ticularly in patients with hematuria (Fig. 9-54).

tumor thrombus to plan the surgical approach. However, 
staging limitations shared by ultrasound, CT, and MRI 
include (1) detection of microscopic tumor invasion of 
the renal capsule, (2) detection of metastatic tumor 
deposits in normal-size lymph nodes, and (3) differentia-
tion of inflammatory hyperplastic nodes from neoplastic 
nodes.

Transitional Cell Carcinoma

Transitional cell carcinoma (TCC) of the renal pelvis 
accounts for 7% of all primary renal tumors.184 Renal 
TCC is two to three times more common than ureteral 
neoplasms. Bladder TCC, because of its large surface 
area, is 50 times more common than renal pelvic TCC.185 
The multifocal and bilateral nature of TCC requires 
accurate diagnosis and staging to allow appropriate surgi-
cal planning. Yousem et al.186 reviewed 645 cases of 
TCC of the bladder, ureter, and kidney and found that 
3.9% of patients with bladder cancer developed an upper 
tract lesion (mean, within 61 months); 13% of patients 
with ureteral TCC and 11% of those with renal TCC 
developed metachronous tumors (mean, within 28 
and 22 months, respectively). Synchronous TCC was 
present in 2.3% of patients with bladder TCC, 39% 
with ureteral TCC, and 24% with renal TCC. Upper 
tract disease surveillance has traditionally been per-
formed using a combination of IVU, retrograde pyelog-
raphy, and urine cytology. Recent reports indicate the 
utility of CT urography and potentially MR urogra-
phy.187 Bladder TCC is effectively screened at cystos-
copy. Patients at increased risk for development of TCC 
may require closer surveillance regimens and include 

A B

FIGURE 9-51. Renal oncocytoma. A, Sagittal sonogram shows a large, isoechoic, partially exophytic renal mass that cannot be 
differentiated from renal cell carcinoma. B, Ultrasound-guided biopsy of an isoechoic renal lesion (arrowheads) in another patient, per-
formed before possible cryoablation, confirms an oncocytoma.
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FIGURE 9-52. Venous thrombosis with renal cell 
carcinoma. A, Sagittal sonogram of the inferior vena cava 
(IVC) shows a large thrombus that terminates within the infra-
hepatic IVC. B, Transverse sonogram in the same patient shows 
thrombus extending from the hilum of the right kidney in a 
distended renal vein to IVC (I). C, Transverse sonogram shows 
expansile, malignant left renal vein thrombus anterior to the 
aorta (A). D, Sagittal sonogram in another patient shows expans-
ile, malignant thrombus within retrohepatic IVC. E, Transverse 
sonogram in the same patient in D showing partially adherent 
malignant thrombus in the IVC.



356  PART II ■ Abdominal, Pelvic, and Thoracic Sonography

makes it difficult to differentiate tumor from a sloughed, 
calcified papilla.188 TCC rarely invades the renal vein.189

Ureteral Tumors

Transitional cell carcinoma of the ureter accounts for 1% 
to 6% of all upper urinary tract cancers.185,190 Men are 
affected more often than women (3 : 1). As with renal 
TCC, ureteral lesions are usually identified in elderly 
patients; peak prevalence of ureteral TCC is between the 
fifth and seventh decades.185 The majority of tumors are 
found in the lower third of the ureter (70%-75%).185,190 
About 60% of ureteral TCCs are papillary and 40% non-
papillary.185 The most common symptoms are hematuria, 
frequency, dysuria, and pain.190 The traditional imaging 
modalities of choice for evaluation of ureteral TCC have 
included IVU or retrograde pyelography, but the advan-
tages of multidetector CT urography (ability to detect  
and stage even small urothelial lesions) have been  

The sonographic appearance of renal TCC is variable 
and depends on the morphology of the lesion (papillary, 
nonpapillary, or infiltrative), location, size, and the pres-
ence or absence of hydronephrosis (Fig. 9-55). Small, 
nonobstructing tumors may be impossible to visualize at 
ultrasound. With growth, papillary tumors will be seen 
as discrete, solid, central, hypoechoic renal sinus masses 
with or without associated proximal caliectasis (Fig. 
9-56). The differential diagnosis includes blood clots, 
sloughed papillae, and fungus balls.

Tumor infiltration within the renal pelvis or renal 
parenchyma may be subtle. Findings suggestive of infil-
trating TCC are distortion and enlargement of the 
kidney and maintenance of an overall reniform shape 
(Fig. 9-56). Sessile lesions are particularly difficult to 
image directly by ultrasound, but the secondary finding 
of an obstructing lesion (caliectasis, pelviectasis) is usually 
easily depicted. A small subset of both sessile and papil-
lary TCCs may have dystrophic calcifications, which 
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FIGURE 9-53. Renal sinus fat mimicking 
transitional cell carcinoma (TCC). Sagittal 
sonograms in two patients. A, Small focal area of 
hypoechogenicity is seen within echogenic sinus fat in the 
lower pole. B, Color Doppler image at the same level as 
B shows normal vessels running through this area, con-
firming insignificant fat rather than tumor. C, Hypoechoic 
central renal sinus fat mimics infiltrating TCC. A normal 
renal sinus was shown at confirmatory CT.
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FIGURE 9-54. Infiltrating upper-pole tran-
sitional cell carcinoma. A, Sagittal sonogram 
shows elongated hypoechogenicity within the superior 
aspect of the central sinus echo complex and subtle 
upper-pole caliectasis. B, Coronal reformatted contrast-
enhanced CT confirms infiltrating upper-pole TCC.  
C, Preoperative retrograde urogram shows irregular, 
amputated upper-pole calyx.

FIGURE 9-55. Morphologic growth patterns of renal transitional cell carcinoma.
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FIGURE 9-56. Transitional cell carcinoma of the kidney. A, B, and C, Sagittal sonograms in three different patients showing 
hydronephrosis related to large, central, solid pelvic tumors (arrow in C). D, Infiltrative TCC in the upper pole extends from the calix 
into the renal parenchyma (arrows). E, Large, lobulated, solid parenchymal infiltrative mass (arrows) with no associated caliectasis. F, 
Perirenal tumor extension.



Chapter 9 ■ The Kidney and Urinary Tract  359

detection of polypoid bladder tumors is excellent 
(≥95%).193 The appearance is that of a nonmobile focal 
mass or of urothelial thickening (Fig. 9-57). Ultrasound 
appearances are nonspecific, however, and the differential 
diagnosis is extensive, including cystitis, wall thickening 
caused by bladder outlet obstruction, postradiation/ 
postoperative change, adherent blood clot, invasive pros-
tatic carcinoma, lymphoma, metastasis, endometriosis, 
and neurofibromatosis. Some papillary bladder tumors 
may also calcify. Cystoscopy and biopsy are necessary for 
diagnosis. Both transvaginal and transrectal ultrasound 
may also be used to assess a bladder wall mass if supra-
pubic visualization is compromised (Fig. 9-57).

Transitional cell (and squamous cell) carcinomas may 
also arise within urinary bladder diverticula. Many 

documented.191,192 At sonography, hydronephrosis and 
hydroureter are seen, and occasionally a solid ureteral 
mass.190

Bladder Tumors

Transitional cell carcinoma of the bladder is a common 
malignant tumor. Bladder TCCs occur more often in 
men (3 : 1), with a peak incidence in the sixth and seventh 
decades. They occur most frequently at the trigone and 
along the lateral and posterior walls of the bladder. 
Approximately 70% of bladder cancers are superficial; 
the remaining 30% are invasive. Patients typically present 
with hematuria, although they may also complain of 
frequency, dysuria, and suprapubic pain. Sonographic 
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FIGURE 9-57. Bladder masses with many origins: imaging spectrum. A, Small polypoid transitional cell carcinoma 
(TCC). B, Invasive TCC involving the perivesical fat (arrow). C, Benign prostatic hypertrophy simulating a large invasive bladder wall 
mass. D, Diffuse TCC on a transvaginal sagittal image; Foley catheter is in place. E, Diffuse invasive TCC on suprapubic scan. F, Inter-
stitial cystitis closely simulates diffuse tumor. G, Endometrioma appearing as a solid mass with small cystic spaces. H, Pheochromocytoma 
presenting as an anterior bladder wall submucosal mass. I, Lymphoma of the posterior bladder wall.
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may occur in the parathyroid glands, thyroid, adrenal 
glands, salivary glands, and kidneys. Oncocytomas 
account for 3.1% to 6.6% of all renal tumors.199,200 They 
occur more often in men (1.7 : 1), with a peak incidence 
in the sixth and seventh decades.201 Most patients 
are asymptomatic.199 Oncocytomas may be small or 
extremely large (mean, 3-8 cm) and may be multicentric 
(5%-10%) or bilateral (3%). Bilateral tumors are seen 
particularly in hereditary syndromes (Birt-Hogg-Dubé, 
hereditary oncocytosis).200,202 Hemorrhage and calcifica-
tion are uncommon. These tumors histologically may 
have a benign or a more malignant appearance. Differ-
entiation between oncocytomas and chromophobe 
RCCs may be difficult,203 and hybrid lesions consisting 
of both oncocytic and chromophobe RCC elements have 
been reported (see Fig. 9-51).

Not surprisingly, oncocytoma and renal cell carci-
noma cannot be differentiated by imaging. Davidson 
et al.204 demonstrated that CT homogeneity and a 
central stellate “scar” are poor predictors in differentiat-
ing oncocytomas from RCCs. In earlier surgical series, 
oncocytomas represented about 5% of all tumors origi-
nally diagnosed as RCC on imaging.205 A higher percent-
age of benign oncocytomas will likely be documented in 
future series of smaller, incidental lesions sampled before 
nephron-sparing procedures.

No distinctive ultrasound appearance of oncocytomas 
has been shown. These lesions have differing echo pat-
terns and may be homogeneous or heterogeneous with 
a distinct or poorly demarcated wall, depending on its 
size.206 A central scar, central necrosis, or calcification 
may be seen, although these features may also be identi-
fied with RCC (see Fig. 9-51). The lack of specificity of 
CT and ultrasound features of oncocytomas typically 
prompts surgical resection, although as mentioned previ-
ously, recent improvements in immunohistochemistry 
may prompt imaging surveillance for patients with 
biopsy results consistent with benign oncocytomas.

Angiomyolipoma

Angiomyolipomas (AMLs) are benign renal tumors 
composed of varying proportions of adipose tissue, 
smooth muscle cells, and blood vessels. AMLs may occur 
sporadically or may be found in patients with tuberous 
sclerosis. In patients without stigmata of tuberous scle-
rosis, AMLs are typically unilateral and discovered in 
middle-aged women. Up to 50% of patients with AMLs 
will have clinical stigmata of tuberous sclerosis (mental 
retardation, epilepsy, facial sebaceous adenomas), and  
up to 80% of patients with tuberous sclerosis will have 
one or more AMLs.207 AMLs associated with tuberous 
sclerosis are usually small, multiple, bilateral tumors, 
with no gender predilection. Sporadic AMLs are histo-
logically identical to those associated with tuberous scle-
rosis. It is unusual for small tumors (<4 cm)208 to be 
symptomatic; with growth, however, these tumors may  

diverticula have narrow necks, making them inaccessible 
for cystoscopic examination, so imaging plays an impor-
tant role in the detection of these tumors. The periureteric 
and posterolateral wall locations of most bladder diver-
ticula allow for adequate sonographic visualization.194 At 
ultrasound, diverticular tumors are moderately echogenic, 
nonshadowing masses. Although ultrasound is good for 
tumor detection, staging is still best performed clinically 
in combination with CT or contrast-enhanced MRI.195

Squamous Cell Carcinoma

Squamous cell carcinoma (SCC) is rare but is the second 
most common malignant urothelial tumor after TCC. 
SCC accounts for 6% to 15% of renal pelvic tumors and 
5% to 8% of all bladder tumors.196,197 Chronic infection, 
irritation, and stones lead to squamous metaplasia and 
leukoplakia of the urothelium. Leukoplakia is thought 
to be premalignant. SCC tends to be a solid, flat, infil-
trating lesion with extensive ulceration. Distant metas-
tases are usually present at diagnosis. As with other 
infiltrating renal lesions, renal SCC appears at sonogra-
phy as a diffusely enlarged kidney that has maintained 
its reniform shape. Normal renal echotexture is destroyed, 
and often a stone (47%-58%)196 will be present. It thus 
may be impossible to differentiate renal SCC from xan-
thogranulomatous pyelonephritis. Often, perinephric 
tumor extension and metastases are present. Ureteral 
SCC is rare; hydronephroureterectasis proximal to the 
tumor mass will be apparent. Occasionally, the lesion is 
seen as a poorly defined, irregular, solid mass. Associated 
stones are often present. Bladder SCCs tend to be large, 
solid, and infiltrating. SCCs may also arise within bladder 
diverticula.194 Ultrasound may be an effective modality 
for detecting pedunculated bladder SCC, but CT or 
MRI are more appropriate modalities for detecting  
perivesical invasion, regional adenopathy, and distant 
metastases.

Adenocarcinoma

Adenocarcinoma of the renal pelvis, ureter, and bladder 
is rare. Almost all patients with adenocarcinoma of the 
renal pelvis have a history of chronic UTI,198 and two 
thirds have a stone, typically a staghorn calculus. Clini-
cians must be careful to differentiate adenocarcinoma of 
the bladder from adenocarcinoma of the rectum, uterus, 
or prostate that has invaded the bladder. The prognosis 
is poor. At sonography, a renal pelvic, ureteric, or bladder 
mass is seen, occasionally with calcification. An associ-
ated stone is often present.

Oncocytoma

Oncocytes are large, epithelial cells. The characteristic 
granular eosinophilic cytoplasm in these cells results 
from extensive cytoplasmic mitochondria. Oncocytomas 
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between classic AMLs and small, echogenic RCCs. 
Involvement of regional lymph nodes and extension of 
AMLs into the IVC have also been described.209 Further, 
it may be difficult to differentiate a large, exophytic AML 
from a large, retroperitoneal liposarcoma (Fig. 9-59). 
Helpful features that may allow differentiation from 
liposarcomas include (1) a defect in the renal paren-
chyma where the tumor originates and (2) the presence 
of enlarged vessels and other associated AMLs.210 The 
blood vessels in an AML lack normal elastic tissue and 
are prone to aneurysm formation and hemorrhage.211 
Color flow Doppler sonography appears to be the best 
imaging modality to detect an intratumoral pseudo-
aneurysm in a hemorrhagic AML.212

Small, asymptomatic AMLs may be followed for 
growth; if large, symptomatic, or hemorrhaged, surgery 

hemorrhage, with symptoms such as hematuria, flank 
pain, and palpable flank mass.

At sonography, the echo pattern of AMLs depends on 
the proportions of fat, smooth muscle, vascular elements, 
and hemorrhage. These tumors may be located within 
renal parenchyma or may be exophytic (Fig. 9-58). If 
muscle, hemorrhage, or vascular elements predominate, 
the tumor may be hypoechoic. Siegel et al.154 showed 
that the multiple fat and nonfat interfaces in the more 
typical AMLs, along with the large acoustic impedance 
differences at these interfaces, causes scattering and 
attenuation of sound waves. This histology leads to the 
classic ultrasound appearance of an AML: an echogenic 
lesion with detectable shadowing. As mentioned 
earlier, although several distinguishing features have 
been suggested, there is significant imaging overlap 
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FIGURE 9-58. Imaging spectrum of angiomyolipomas (AMLs). A, Classic small hyperechoic intraparenchymal tumor. 
B, Multiple small echogenic foci in the anterior cortex of the midpole. C, Solitary, large, highly echogenic mass in the lower pole. 
D, Exophytic echogenic mass involves the cortex and the perirenal space (arrows). The flat appearance suggests a compliant soft tumor. 
E, Large exophytic lower-pole echogenic mass (arrow). The echogenicity of the mass may be very similar to the perirenal fat. F, Large, 
complex intrarenal mass (arrows) is mildly echogenic and has a hypoechoic component representing myomatous elements (M). G, H, and 
I, Hemorrhagic AMLs. G, Exophytic ruptured upper-pole AML with a perirenal hematoma (H). H, Echogenic mass with central 
hypoechoic hemorrhage. I, Large, predominantly exophytic AML. The kidney below the mass appears normal. The mass (arrows) shows 
increased echogenicity from the fat in the AML and a large hypoechoic hemorrhage (H).
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roperitoneal, hypoechoic conglomerate adenopathy may 
extend into the renal pelvis and cause hydronephrosis. 
The absence of renal venous invasion, despite extensive 
retroperitoneal and renal sinus tumor, may help in dif-
ferentiating renal lymphoma from RCC. Rarely, perire-
nal predominant tumor may be depicted at ultrasound 
as a surrounding hypoechoic perirenal mass or rind. 
Tumor may be confused with hematoma or extramedul-
lary hematopoiesis218,219 (Fig. 9-62).

Ureter

The ureter may be either encased or displaced by sur-
rounding retroperitoneal lymphoma. Ureteral displace-
ment by periureteral tumor is more common; actual 
invasion of the ureteral wall occurs in only one third of 
cases.190 The result is usually dilation of the intrarenal 
collecting system and ureter to the level of the retro-
peritoneal mass. This is usually easily appreciated on 
sonography.

Bladder

Primary bladder lymphoma arises from lymphoid folli-
cles in the submucosa. Submucosal tumor usually does 
infiltrate the other layers of the bladder wall.220 Most 
patients with primary bladder lymphoma are 40 to 60 
years of age, and women are affected more than men. At 
sonography, a bladder wall mass is seen, usually covered 
by intact epithelium. If the mass is large, ulceration may 
occur (Fig. 9-63).

Leukemia

Leukemic involvement of the kidney may be diffuse or 
focal. In autopsy series, renal leukemic infiltration has 
been reported in 65% of patients.221 Despite this, renal 
leukemia may be extremely difficult to identify at 
ultrasound.

The classic appearance of renal leukemia at ultra-
sound is bilateral renal enlargement. However, 15% of 
patients with leukemia will have nonspecific renomegaly 
without leukemic infiltration.222 Renal leukemia may also 
be manifested as a coarsened renal echo pattern with 
distortion of the central sinus echo complex.223 Alterna-
tively, the kidneys may be diffusely echogenic. Focal 
masses may be single or multiple.224 These patients are 
prone to renal, subcapsular, or perinephric hemorrhage.

is often performed. If possible, renal-sparing surgery is 
preferable, because these tumors are benign or may be 
multiple. Embolization may also be used to treat actively 
bleeding AMLs.213

Lymphoma

Kidney

The kidney does not contain lymphoid tissue. Thus, 
lymphomatous involvement of the kidney occurs from 
either hematogenous dissemination or contiguous exten-
sion of retroperitoneal disease. Renal involvement occurs 
more often in the setting of non-Hodgkin’s lymphoma 
than Hodgkin’s lymphoma. By the time renal disease is 
evident, disseminated disease is usually apparent. Urinary 
tract symptoms are uncommon. Occasionally, flank 
pain, a flank mass, or hematuria may occur. Nonetheless, 
at autopsy, renal involvement will be found in one third 
of lymphoma patients,214 and bilateral renal disease is 
more common than unilateral disease. Isolated renal 
disease may be seen in patients undergoing treatment.

The sonographic appearance of renal lymphoma 
depends on the pattern of involvement. Four patterns 
are recognized: (1) focal parenchymal involvement, (2) 
diffuse infiltration, (3) invasion from a retroperitoneal 
mass, and (4) perirenal involvement. Focal parenchy-
mal involvement may appear as solitary or multiple 
nodules. These masses appear homogeneous and 
hypoechoic or anechoic (Fig. 9-60). They may simulate 
cysts; however, increased through-transmission is 
absent.215,216 As with other infiltrating renal tumors, 
infiltrating lymphoma is manifested by maintenance of 
a reniform shape despite disruption of renal architecture. 
The kidney may be enlarged (Fig. 9-61). Tumor may 
invade the renal sinus and destroy the echogenic, central 
echo complex.217 Direct invasion of the kidney by large 
retroperitoneal lymph node masses may occur with 
associated vascular and ureteral encasement. Large, ret-

FIGURE 9-59. Exophytic angiomyolipoma. Sagittal 
sonogram shows a large, exophytic, echogenic AML.

SONOGRAPHIC APPEARANCE OF 
RENAL LYMPHOMA

Focal parenchymal involvement
Diffuse infiltration
Invasion from retroperitoneal mass
Perirenal involvement
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Spread to the kidneys is by a hematogenous route. 
The most common primary tumors giving rise to renal 
metastases are (1) lung carcinoma, (2) breast carcinoma, 
and (3) renal cell carcinoma of the contralateral kidney.121 
Other tumors that may produce renal metastases include 
colon, stomach, cervix, ovary, pancreas, and prostate.121 
Renal metastatic spread may manifest as a solitary mass, 
multiple masses, or a diffusely infiltrating mass that 
enlarges the kidney. Choyke et al.228 evaluated 27 
patients with renal metastases and found that metastases 
are usually multifocal; however, large, solitary tumors 
may occur that are otherwise indistinguishable from 
primary RCC. Also, a new renal lesion in a patient with 
advanced cancer is more likely a metastatic than a 

Metastases

Kidney

Renal metastases are typically clinically occult, but 
autopsy series done before cross-sectional imaging docu-
mented an incidence of 2% to 20%.225 Literature before 
cross-sectional imaging also suggested that the kidney is 
the fifth most common site of metastases, after the lung, 
liver, bone, and adrenal gland.226,227 The true prevalence 
of renal metastases in the era of cross-sectional imaging 
is unknown, but the prevalence of subclinical, imaging-
apparent renal involvement is likely greater than esti-
mated by gross autopsy.

A B

FIGURE 9-60. Renal lymphoma. A, Transverse sonogram shows a subtle right midpole contour deformity and vague hypoechoic 
lesion. B, Contrast-enhanced CT confirms mildly border-deforming renal lesion and shows contralateral lesions.

A B

FIGURE 9-61. Renal lymphoma. A, Transverse sonogram shows enlarged, echogenic globular kidney. B, Non-contrast-enhanced 
CT shows marked bilateral renomegaly.
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nant melanoma and lung cancer.228 Infiltrating renal 
metastases may be particularly subtle at ultrasound; as 
with other infiltrating processes, the only manifestation 
at sonography may be an enlarged, but still reniform, 
kidney (Fig. 9-64).

Ureter

Ureteral metastases are rare; evidence of diffuse metasta-
ses elsewhere is seen in 90% of cases.229 Metastatic disease 
to the ureter occurs by hematogenous or lymphatic  
dissemination. Tumors that may secondarily involve  
the ureter include melanoma, bladder, colon, breast, 
stomach, lung, prostate, kidney, and cervical lesions. 
Three types of ureteral involvement occur: (1) infiltra-
tion of the periureteral soft tissues, (2) transmural 
involvement of the ureteral wall, and (3) submucosal 
nodules. With the first two types, imaging may demon-
strate strictures with or without an associated mass. 
Intraluminal lesions may be shown with the third type.190 
At sonography, the site of tumor involvement may be 
seen if a mass is present. Usually, however, the only 
manifestation of ureteral involvement is secondary 
hydronephrosis.

Bladder

Although rare, metastases to the bladder may occur with 
malignant melanoma, lung, gastric, or breast cancer. The 
appearance at ultrasound is nonspecific; a solid mass may 
be seen in the bladder wall (Fig. 9-65).

Urachal Adenocarcinoma

The urachus measures 3 to 10 cm in length and repre-
sents the obliterated remnant of the allantois. It is lined 
by transitional epithelium. The urachal remnant is 

primary tumor. If a single renal lesion is discovered 
synchronously in a patient with a known primary tumor, 
or with a tumor in remission with no evidence of other 
metastases, renal biopsy is necessary to differentiate a 
primary RCC from a renal metastasis.

Contrast-enhanced CT is the best radiographic tech-
nique for detecting renal metastasis, although ultrasound 
is almost as sensitive.228 At sonography, the appearance 
will depend on the pattern of involvement. A solitary 
metastasis will be seen as a solid mass indistinguishable 
from RCC; this often occurs with colon carcinoma.228 
Central necrosis, hemorrhage, and calcification may be 
evident. Multiple metastases usually appear as small, 
poorly marginated, hypoechoic masses. Involvement of 
the perinephric space is possible, particularly with malig-

A B

FIGURE 9-62. Perirenal Burkitt’s lymphoma. A, Transverse sonogram shows extensive, poorly defined perirenal tumor. The 
kidney (arrowheads) is compressed and invaded by tumor. B, Contrast-enhanced CT shows bulky perirenal tumor. Tumor involves both 
the kidney and the overlying flank musculature.

FIGURE 9-63. Bladder lymphoma. Sagittal transverse 
sonogram shows extensive bladder wall thickening with intact 
overlying mucosa.
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space of Retzius, and the abdominal wall is common. 
Local recurrence after resection is common.

Rare Neoplasms

Kidney

Juxtaglomerular tumors are rare benign tumors that 
most frequently affect women. Renin secretion by these 
lesions results in hypertension. At sonography, they are 
usually small, solid, and hyperechoic.233 Excision will 
alleviate the hypertension. Leiomyomas are benign 
tumors that arise from the renal capsule. They are usually 
discovered incidentally but may grow large enough to 
become clinically evident. On sonography, a solid, well-
defined peripheral mass is seen. Carcinoid tumor is a 

divided into supravesical, intramural, and intramucosal 
portions. Urachal neoplasms are rare, usually arising in 
the upper part of the intramural portion of the urachal 
remnant or in the lower part of the extravesical portion 
of the bladder.230 Urachal cancers represent 0.01% of all 
adult cancers, 0.17% to 0.34% of all bladder cancers, 
and 20% to 39% of all primary bladder adenocarcino-
mas.231 About 75% of urachal cancers occur in men.232 
Most tumors arise at the bladder dome at the vesicoura-
chal junction. Urachal tumors have a poor prognosis and 
tend to invade the anterior abdominal wall. Most patients 
present with hematuria, although other common symp-
toms include frequency, dysuria, and mucosuria.232 At 
sonography, a bladder dome mass is seen, often calcified 
(50%-70%). The mass may be solid, cystic, or complex 
cystic-solid. Tumor extension into the perivesical fat, 

A B

FIGURE 9-64. Renal metastases (lung primary). A, Sagittal sonogram shows infiltrating, mixed-echogenicity tumor through-
out the upper pole of the kidney. B, Contrast-enhanced CT demonstrates bilateral infiltrating metastases.

A B

FIGURE 9-65. Bladder metastasis from gastric adenocarcinoma. A, Transverse suprapubic sonogram shows a papillary 
solid intraluminal mass with obvious bladder wall involvement. B, Confirmatory transvaginal scan shows the papillary nature of the tumor 
to better advantage.
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increases with advancing age, and they are found in at 
least 33% of persons over age 60.238 Most cysts are asymp-
tomatic. Patients with large cysts, however, may present 
with flank pain or hematuria. A cyst is confidently char-
acterized at sonography when it (1) is anechoic; (2) has 
a sharply defined, imperceptible back wall; (3) is round 
or ovoid; and (4) enhances sound transmission.

If all these sonographic criteria are met, further evalu-
ation or follow-up of the cyst is not required (Fig. 9-67). 
If a renal cyst is large and symptomatic, cyst puncture, 
aspiration, and sclerosis using a variety of agents may be 
performed. Several simple cysts may be found in both 
kidneys, and rarely, several simple cysts may involve only 
one kidney or a localized portion of one kidney.

Complex renal cysts do not meet the strict criteria of 
a simple renal cyst and include cysts containing internal 
echoes, septations, calcifications, perceptible defined 
walls, and mural nodularity (Fig. 9-68). Depending on 
the degree of abnormality, most complex renal cysts 
require further imaging with CT. A combination of 
ultrasound and contrast-enhanced CT (or MRI) helps 
determine whether a complex cystic lesion is more likely 
benign or malignant.

rare renal tumor that tends to be solid, with peripheral 
or central calcification.234 Other benign tumors that have 
been described include lipomas and hemangiomas.

Renal sarcomas account for approximately 1% of 
all malignant renal tumors. Leiomyosarcoma is the 
most common, representing 58% of all renal sarcomas. 
Hemangiopericytoma represents 20%. At sonography, 
these tumors cannot be distinguished from RCC. Lipo-
sarcoma accounts for 20% of all renal sarcomas. Depend-
ing on the amount of mature fat present, these tumors 
can be quite hyperechoic and indistinguishable from an 
AML. Less common sarcomas include rhabdomyosar-
coma, fibrosarcoma, and osteogenic sarcoma. Wilms’ 
tumor may rarely occur in adults and cannot be differ-
entiated radiologically from RCC. All renal sarcomas are 
aggressive tumors.

Bladder

Mesenchymal bladder tumors also are rare, accounting 
for about 1% of all bladder tumors. Leiomyoma is the 
most common benign bladder tumor. Most leiomyomas 
arise from the submucosa near the bladder trigone.235 
These tumors may show intravesical (63%), intramural 
(7%), or extravesical (30%) growth.235 At sonography, a 
well-defined, round or oval, solid mass will be seen. 
Cystic degeneration may occur. Neurofibromas of the 
bladder may be seen as an isolated finding or may occur 
with diffuse systemic disease. These tumors are similar 
to leiomyomas at ultrasound. Cavernous hemangiomas 
are most often found in the dome and posterolateral 
bladder wall.236 At sonography, two types have been 
described: (1) a round, well-defined, solid, hyperechoic, 
intraluminal mass that is highly vascular on color 
Doppler ultrasound and (2) diffuse wall thickening with 
multiple hypoechoic spaces and calcification.236 Bladder 
pheochromocytomas are rare; they account for only 1% 
of all pheochromocytomas.235 Patients may have symp-
toms that include headaches, sweating, and tachycardia 
related to bladder distention or voiding. Pheochromocy-
tomas arise in the submucosa and may be found any-
where in the bladder, but usually at the dome. At 
ultrasound, a well-defined, solid, intramural bladder wall 
mass will be seen (Fig. 9-66). Malignant mesenchymal 
bladder tumors are rare; the most common are leiomyo-
sarcomas and rhabdomyosarcomas. At sonography, a 
large, infiltrative mass is seen.

RENAL CYSTIC DISEASE

Cortical Cysts

Simple renal cysts are benign and fluid filled. Their exact 
pathogenesis is unknown, although they are probably 
acquired lesions. They likely originate from distal convo-
luted or collecting ducts.237 Incidence of simple cysts 

APPROACH TO COMPLEX RENAL 
CYST DISCOVERED ON SONOGRAPHY

Internal Echoes
Follow up with ultrasound if no other features of 

malignancy are present.
Perform computed tomography (CT) if associated 

features of malignancy are present (perceptible 
thickened wall, multiple or thick septations, or 
extensive septal calcification).

Septations
Follow up with ultrasound if septations are few and 

thin (≤1 mm).
Perform CT if there is septal irregularity and 

nodularity, multiple complex septations, or solid 
elements at septal wall attachment.

Calcification
Follow up with ultrasound if there is a small 

amount of calcium or milk of calcium without an 
associated soft tissue mass.

Perform CT if thick, irregular, or amorphous 
calcification.

Perform CT if calcification obscures adequate 
sonographic visualization.

Perceptible Defined Wall or Mural 
Nodularity
If presumed malignant, perform CT.
Use ultrasound-CT combination to analyze the 

internal features of a complex renal cyst to 
determine if more likely benign or malignant.
• Benign-type lesions can be followed with serial 

imaging.
• Malignant-type lesions will require surgical 

removal.
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lation. A thickened cyst wall and a debris-fluid or gas-
fluid level may suggest an infected cyst at ultrasound. 
Cysts that are thought to be hemorrhagic at ultrasound 
(i.e., cysts that contain low-level echoes but otherwise 
fulfill criteria for a benign cyst) may be followed with 
serial ultrasound. Infected cysts require aspiration and 
drainage for diagnosis and treatment.

Septations may be seen within a renal cyst, often the 
result of hemorrhage, infection, or percutaneous aspira-
tion. Occasionally, two adjacent cysts sharing a wall may 
appear as a large, septated cyst. If septa are thin or barely 
perceptible, smooth, and attach to the cyst wall without 
thickened elements, a benign cyst can be diagnosed240 
(Fig. 9-68, C). Complex cysts with irregular, thickened 
(>1 cm) septa, or with septa that have solid elements at 
the wall attachment, should be viewed with concern. 
Cyst aspiration is not indicated in these multiseptated 
cystic lesions.240 Ultrasound is often better than CT in 
defining the internal characteristics of a cystic lesion.

Calcification of renal cysts may be fine and linear or 
amorphous and thick. Thin wall or septal calcification 
suggests a complicated cyst rather than malignancy, if all 
other features of a benign cyst are shown at ultrasound, 
with no associated soft tissue mass enhancement at 
CT.241 Thick, irregular, amorphous calcification is more 
worrisome, however, and should prompt resection, par-

A
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FIGURE 9-66. Bladder pheochromocytoma. A, Supra-
pubic image of the bladder shows a smooth surface to a solid bladder 
mass. B, Transvaginal scan with partial bladder emptying shows the 
mucosa is intact over the submucosal nodule. C, Color Doppler 
image confirms lesional vascularity. (From Damani N, Wilson S. 
Nongynecologic applications of transvaginal ultrasound. RadioGraphics 
1999;19:S179-S200.)

FIGURE 9-67. Renal cyst. Classic features of a renal cyst 
include a smooth wall, an echo-free center, and posterior acoustic 
enhancement caused by increased through-transmission.

Internal echoes within a cyst are usually the result of 
hemorrhage or infection. Approximately 6% of cysts are 
complicated by hemorrhage.239 Infection of a cyst may 
occur by hematogenous seeding, by vesicoureteric reflux, 
or as a complication of cyst puncture or surgical manipu-
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The assessment of the malignant potential of renal 
cysts based on complexity at imaging was the basis of the 
classification introduced in 1991 by Bosniak.174 Many 
sonographers attempt to classify cyst complexity using 
Bosniak terminology. It should be emphasized, however, 
that Bosniak criteria are primarily based on CT, and 
sonography is considered to be a useful adjunct. None-
theless, the criteria are helpful for describing the malig-
nant potential of renal cystic lesions at ultrasound.

The Bosniak category 1 cystic lesion has all the 
benign features of a simple cyst at ultrasound at contrast-

ticularly if there are solid, enhancing components at 
CT.241 On the other hand, layering milk of calcium 
within a cyst is a benign finding (Fig. 9-68, F ). Mimick-
ing cyst wall calcification, the bright, echogenic foci with 
ringdown artifact are frequently seen in septa and cyst 
walls at ultrasound (Fig. 9-68, A). These foci are of 
no consequence, and no corresponding calcification is 
shown at CT. Perceptible, defined, thickened walls or 
mural nodularity essentially excludes a diagnosis of a 
benign cyst (Fig. 9-68, G and H). These lesions all 
require surgical removal to exclude malignancy.

A B C

E F

G H I

D

FIGURE 9-68. Complex renal cysts. A, Tiny renal cyst (arrow) in the anterior cortex is not resolved. A bright echogenic focus 
with “ringdown” artifact is the only visible abnormality. B, Discernible cyst shows a bright echogenic focus (arrow) with ringdown artifact. 
This echogenicity does not represent calcification. C, Complex benign cyst with a few thin septations. Ringdown artifact originates from 
the septations and the cyst wall. D, Complex cyst shows thick nodular septations. E, Cyst shows numerous internal thick and thin septa-
tions. F, Renal cyst with milk of calcium shown as dependent echogenic material that was mobile on real-time examination. G and H, 
Cyst with mural nodules. I, Large hemorrhagic cyst shows extensive internal debris within an otherwise simple-appearing cyst.
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Parapelvic Cysts

Parapelvic cysts do not communicate with the collecting 
system. They may originate from lymphatics or embryo-
logic rests.245 Most are asymptomatic, although rarely 
parapelvic cysts may cause hematuria, hypertension, or 
hydronephrosis; may become infected; or may bleed.246 
At sonography, parapelvic cysts appear as well-defined, 
anechoic, renal sinus masses (Fig. 9-69). If they have 
hemorrhaged, internal echoes will be seen in the cysts. It 
may be difficult to differentiate multiple parapelvic cysts 
from hydronephrosis (Fig. 9-69). Optimized technique 
and real-time examination usually suffice to distinguish 
between multiple noncommunicating, haphazard par-
apelvic cysts and the communicating, dilated calices and 
renal pelvis that are the hallmark of hydronephrosis. If 
differentiation is not possible with sonography, delayed 
contrast-enhanced CT will resolve the dilemma.

Medullary Cysts

Medullary Sponge Kidney

Medullary sponge kidney (MSK) is defined as dilated, 
ectatic collecting tubules. It may be focal or diffuse. The 
etiology is unknown. The incidence of MSK in the 
general population is not known, but it is found in up 
to 12% of patients with renal calculi.220,247 Associations 
with hemihypertrophy, Ehlers-Danlos syndrome, con-
genital hypertrophic pyloric stenosis, hyperparathyroid-
ism, Caroli’s disease, and autosomal recessive polycystic 
disease have been reported.220 Uncomplicated MSK is 
usually not associated with symptoms; with stone forma-
tion, however, renal colic, hematuria, dysuria, and flank 
pain may occur.248 The onset of symptomatic MSK is 
usually in the third to fourth decades of life.220

Tubular ectasia may be difficult to impossible to rec-
ognize at ultrasound (see Fig 9-44). When nephrocalci-
nosis is present, multiple echogenic shadowing foci are 
seen localized to the medullary pyramids (see Fig. 9-45). 
Erosion of a calcification into the collecting system may 
result in obstruction.

Medullary Cystic Disease

Familial juvenile nephronophthisis and medullary 
cystic disease are both characterized by small cysts at the 
corticomedullary junction and medulla. The kidneys are 
small or normal sized. Tubointerstitial fibrosis is a hall-
mark of both entities.249 Juvenile nephronophthisis is an 
autosomal recessive condition. Patients present with 
polyuria, salt wasting, and ultimately ESRD. Medullary 
cystic disease, on the other hand, is an autosomal 
dominant condition. Patients with this disease present 
in the third or fourth decade of life with similar renal 
symptoms as nephronophthisis.250 At sonography, small 

enhanced CT. The Bosniak category 2 cystic lesion is 
more complicated and may have thin septa and calcifica-
tion at CT. A high-attenuation (proteinaceous or hemor-
rhagic) cyst, that is, with an attenuation of less than 60 
Hounsfield units (HU) that enhances less than 10 HU 
after contrast administration, may often appear as a 
simple cyst at ultrasound. Malignancy risk assessment 
may be flawed, however, if the sonographer arbitrarily 
uses ultrasound features of more complex lesions to 
assign Bosniak grades. Minimally complex (Bosniak 2) 
lesions at CT can have a much more malignant appear-
ance at ultrasound. High levels of protein with cyst fluid 
may appear at ultrasound as low-level echoes, an appear-
ance that might erroneously suggest a solid “malignant” 
lesion. In addition, thin septations within a Bosniak type 
2 cyst at CT will often appear much more ominous at 
ultrasound. It is this sonographic-CT discrepancy that 
often prompts a category 2 “F” classification (i.e., a prob-
ably benign lesion that nonetheless should be followed 
by imaging). The risk of malignancy in a cystic lesion 
appropriately classified as Bosniak 2F (by CT) is esti-
mated to be 5%.242

The Bosniak category 3 cystic lesion is indetermi-
nate at CT. Thick, irregular septations, calcifications, 
and wall nodularity increase the risk of malignancy, 
regardless of the imaging modality used. Although 
surgery is often advocated, imaging follow-up is done 
in the appropriate clinical setting, as when a renal 
abscess is suspected in a patient with fever, leukocytosis, 
and pyuria, or in elderly patients with comorbidities. 
Other lesions in this category include highly complex 
hemorrhagic cysts, multilocular cystic nephroma, local-
ized cystic disease, and cystic RCC. CT enhancement 
of septa, mural nodules, and solid components within 
highly complex cysts significantly increases the risk  
of malignancy in the Bosniak category 4 cystic 
lesion.

Ultrasound has played a largely adjunct role in risk 
stratification of more complex renal cystic lesions because 
it does not readily demonstrate renal tumor neovascular-
ity. Wall or septal enhancement that is obvious at CT 
may be rarely depicted at ultrasound as focally increased 
color or power Doppler flow (see Fig. 9-49). However, 
microbubble contrast agents may increase the impor-
tance of ultrasound in renal mass characterization (see 
Fig. 9-50). Renal lesion enhancement using continuous, 
low-MI pulse inversion imaging (or an equivalent) may 
mimic the enhancement shown at contrast-enhanced 
CT or MRI.172,243 The ability of contrast-enhanced ultra-
sound to show neovascularity may be particularly rele-
vant for patients with renal insufficiency and may assist 
in assessing adequacy of ablation.244 Nonetheless, signifi-
cant obstacles remain. The techniques are labor and time 
intensive; enhancement is qualitative; and the agents 
have not been approved by the FDA for noncardiac 
imaging.
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FIGURE 9-69. Central renal cysts: parapelvic cysts and 
hydronephrosis. A and B, Multiple renal cystic masses with a hap-
hazard arrangement indicative of parapelvic cysts. C, Parapelvic cysts 
simulating hydronephrosis. This, in fact, is rare on sonography. D, Sagit-
tal, and E, transverse, sonograms show true hydronephrosis with com-
munication of the central cystic components.
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sporadic involvement is caused by variable expression 
and spontaneous mutations. Signs and symptoms of pal-
pable masses, pain, hypertension, hematuria, and UTI 
usually do not develop until the fourth or fifth decade. 
Renal failure develops in 50% of patients and is usually 
present by age 60.251 Complications of ADPKD include 
infection, hemorrhage, stone formation, cyst rupture, 
and obstruction. Stone formation tends to occur in 
patients with more and significantly larger cysts.252 Asso-
ciated anomalies include liver cysts (30%-60%); pancre-
atic cysts (10%); splenic cysts (5%); cysts in thyroid, 
ovary, endometrium, seminal vesicles, lung, brain, pitu-
itary gland, breast, and epididymis; cerebral berry aneu-
rysms (18%-40%); abdominal aortic aneurysm; cardiac 
lesions; and colonic diverticula. Patients with ADPKD 
who are not receiving dialysis do not have an increased 
incidence of RCC.251

At sonography, the kidneys are enlarged and replaced 
by multiple bilateral, asymmetrical cysts of varying size 
(Fig. 9-71). Cysts complicated by hemorrhage or infec-
tion will have thick walls, internal echoes, and/or fluid-
debris levels. Dystrophic calcification within cyst walls 
or stones may be seen as echogenic foci with sharp, distal 
acoustic shadowing.

Renal cysts in patients under age 30 are rare. Ravine 
et al.253 modified the criteria of Bear et al.254 and reported 
that patients age 30 or younger with a family history of 
ADPKD require two renal cysts (unilateral or bilateral) 
to have the diagnosis of ADPKD disease. For patients 
age 30 to 59, two cysts in both kidneys are required, and 
for those age 60 or older, four cysts in each kidney are 
needed. These criteria were recently modified to account 
for the relatively later onset of disease in patients with 
type 2 polycystic kidney disease, but fewer than two 
renal cysts in at-risk individuals over age 40 was still 
sufficient to exclude the disease.255

Ultrasound is the most studied initial imaging modal-
ity available for screening families of patients with 
ADPKD, as well as for routine follow-up of patients. 
Renal volume and blood flow assessment by MRI  
may ultimately help predict disease progression. In  
a recent MRI study by the Consortium for Radiologic 
Imaging Studies of Polycystic Kidney Disease (CRISP), 
renal blood flow reduction paralleled kidney volume 
increases.256 Both were independent predictors of glo-
merular filtration rate (GFR) decline. However, this 
MRI-based prognostic approach has not been widely 
adopted outside of select research centers.

Multicystic Dysplastic Kidney

Multicystic dysplastic kidney (MCDK) is a nonheredi-
tary developmental anomaly also known as renal dys-
plasia, renal dysgenesis, and multicystic kidney. The 
kidney is small, malformed, and composed of multiple 
cysts with little, if any, normal renal parenchyma. It 
functions poorly if at all. The dysplastic change is usually 

echogenic kidneys with medullary cysts (0.1-1.0 cm)  
are seen.

Polycystic Kidney Disease

Autosomal recessive polycystic kidney disease 
(ARPKD) is divided into four types—perinatal, neona-
tal, infantile, and juvenile—depending on the patient’s 
age at the onset of clinical manifestations. ARPKD is 
characterized pathologically as a spectrum of dilated 
renal collecting tubules, hepatic cysts, and periportal 
fibrosis. Younger patients present predominantly with 
renal insufficiency. Hepatic involvement is typically 
dominant in older patients with ARPKD. ARPKD 
occurs in 1 : 6000 to 1 : 14,000 live births. Patients with 
perinatal disease will have massively enlarged kidneys, 
hypoplastic lungs, and oligohydramnios. Death usually 
results from renal failure and pulmonary hypoplasia. 
Older children will present with manifestations of portal 
hypertension. Ultrasound features of renal-dominant 
ARPKD include a lack of corticomedullary differentia-
tion and massively enlarged, echogenic kidneys (Fig. 
9-70). Occasionally, macroscopic cysts will be noted.

Autosomal dominant polycystic kidney disease 
(ADPKD) results in a large number of bilateral cortical 
and medullary renal cysts. The cysts may vary in size and 
are often asymmetrical. ADPKD is the most common 
hereditary renal disorder and has no gender predilection. 
Its incidence is 1 : 500 to 1 : 1000, and ADPKD accounts 
for 10% to 15% of patients receiving dialysis. Up to 
50% of patients have no family history. Seemingly  

FIGURE 9-70. Autosomal recessive polycystic 
kidney disease. Two-year-old patient with renal insufficiency. 
Sagittal sonogram shows marked renal enlargement and innumer-
able microcysts.
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and CT is required to make the diagnosis. Segmental 
disease is usually seen in duplex kidneys, and if the cysts 
are tiny, the mass may appear solid and echogenic.

Multilocular Cystic Nephroma

Multilocular cystic nephroma (MLCN) is an uncom-
mon benign cystic neoplasm composed of multiple non-
communicating cysts contained within a well-defined 
capsule. Occasionally, sarcomatous stroma is present, 
making this a more malignant lesion. MLCN has no 
predilection for side, and occasionally, bilateral tumors 
are seen. These tumors are found in male patients less 
than 4 years of age and in female patients ages 4 to 20 
or 40 to 60 years.258 Most children present with an 
abdominal mass. Adults may be asymptomatic or may 
present with abdominal pain, hematuria, hypertension, 
and UTI.

The ultrasound appearance of MLCN is variable  
and depends on the number and size of the locules.  
With multiple large locules, noncommunicating cysts 

unilateral and involves the entire kidney, although rarely 
it may be bilateral, segmental, or focal. If unilateral, 
MCDK is asymptomatic. If bilateral, it is incompatible 
with life. Men and women are equally affected, as are 
both sides. Up to 30% of patients have a contralateral 
UPJ obstruction. The exact pathogenesis is obscure. 
However, 90% of cases are associated with some form 
of urinary tract obstruction during embryogenesis. The 
severity of the malformation and the age of the patient 
at diagnosis account for the varying manifestations of 
MCKD, from a large, multicystic mass present at birth 
to a kidney with smaller cysts not discovered until 
adulthood.

Ultrasound findings of MCKD include (1) multiple 
noncommunicating cysts, (2) absence of both normal 
parenchyma and normal renal sinus, and (3) focal echo-
genic areas representing primitive mesenchyma or tiny 
cysts257 (Fig. 9-72). In adults a small, cystic renal fossa 
mass is shown, and cyst wall calcification is appreciated 
as echogenic foci with shadowing. Calcification may be 
so extensive that ultrasound visualization is impossible, 
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FIGURE 9-71. Autosomal dominant polycystic 
kidney disease. A, Early disease: numerous small intrarenal 
cysts. B, Advancing disease: renal enlargement and more cysts. 
C, End-stage disease: massive renal enlargement. The kidney is 
completely replaced by cysts of varying size.
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atrophic renal parenchyma (Fig. 9-74). The lack of cysts 
within other organs (or the contralateral kidney) and  
the absence of an appropriate family history of APKD 
might prompt the ultrasound diagnosis of localized cystic 
disease, although CT/MRI confirmation is typically 
needed. In addition, CT (or MRI) better shows the thick, 
fibrous, encapsulating capsule characteristic of MLCN.260

Neoplasm-Associated Renal  
Cystic Disease

Acquired Cystic Kidney Disease

Acquired cystic kidney disease (ACKD) occurs in the 
native kidneys of patients with renal failure undergoing 
either hemodialysis or peritoneal dialysis. ACKD affects 
40% to 90% of these patients, depending on the dura-
tion of dialysis.128,129,250,261 Renal cell carcinoma occurs in 
4% to 10% of patients with ACKD.261 The pathogenesis 
of ACKD is speculative. Epithelial hyperplasia caused by 
tubular obstruction resulting from toxic substances plays 
some role in the development of both cysts and tumors.261 
Pathologically, multiple small cysts (0.5-3 cm) involving 
both renal cortex and medulla are found. Hemorrhage 
into cysts is common. Ultrasound, CT, and MRI are 
useful in the evaluation and follow-up of patients with 
ACKD and its complications.128,129,262 Current data 
suggest that ACKD and tumor development persist even 
after successful renal transplantation. ACKD and tumors 
may develop in renal allografts during dialysis therapy.263

At sonography, finding three to five cysts in each 
kidney in a patient with chronic renal failure is diagnos-
tic.263 The cysts are usually small, as are the kidneys, 
which typically are quite echogenic (Fig. 9-75). Internal 
echoes are seen in cysts that have hemorrhaged. Tumors 
are solid or cystic with mural nodules.

will be seen within a well-defined mass (Fig. 9-73). If 
the locules are tiny, a more solid-appearing nonspecific 
echogenic mass will be present. Calcification of the 
capsule and septa is uncommon. With either appearance, 
it is impossible with imaging to differentiate MLCN 
from cystic RCC.

Localized Cystic Disease

Localized cystic disease is a rare, benign, nonhereditary 
entity that may mimic autosomal polycystic kidney 
disease (APKD) and MLCN. In localized cystic disease, 
multiple closely opposed cysts occupy either a portion of 
kidney or an entire kidney—thus the previous descrip-
tion of “unilateral polycystic disease.”259 At ultrasound, 
localized cystic disease appears a conglomerate mass of 
multiple cysts of varying size separated by normal or 

FIGURE 9-72. Multicystic dysplastic kidney. Small, 
malformed kidney containing multiple cysts. (Case courtesy 
Deborah Rubens, MD.)

A B

FIGURE 9-73. Multilocular cystic nephroma. A, Transverse sonogram demonstrates a multiseptated, exophytic, complex cystic 
mass with noncommunicating locules. B, Confirmatory contrast-enhanced CT.
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and are the preferred modalities for surveillance after 
nephron-sparing surgery (Fig. 9-76).

Tuberous Sclerosis

Tuberous sclerosis (TS) is a genetically transmitted 
disease characterized by mental retardation, seizures, and 
adenoma sebaceum. Some cases are transmitted in an 
autosomal dominant manner, although many result 
from spontaneous mutation. The incidence ranges from 
1 : 9000 to 1 : 170,000.265 Associated renal lesions include 
cysts, AML, and RCC (1%-2%).251 The renal cysts vary 
in size from microscopic to 3 cm. At sonography, if only 
cysts are present, it may be difficult to differentiate TS 
from ADPKD. The presence of cysts and multiple AMLs 
confirmed with CT suggests TS (Fig. 9-77). Periodic CT 
screening is recommended to assess for AML growth and 
tumor development.

TRAUMA

Renal Injuries

Traumatic injury to the kidney may be blunt or pene-
trating. Most forms of blunt trauma to the kidney are 
relatively minor and heal without treatment. Penetrat-
ing injuries are usually the result of gunshot or stab 
wounds. Kidneys with cysts, tumors, and hydronephro-
sis are more prone to injury. Renal injuries are classified 
into the following four categories266:
I: Minor injury (75%-85%): contusions, subcapsular 

hematoma, small cortical infarct and lacerations that 
do not extend into the collecting system

II: Major injury (10%): renal lacerations that may 
extend into the collecting system and segmental 
renal infarct

Von Hippel–Lindau Disease

Von Hippel–Lindau (VHL) disease is transmitted as an 
autosomal dominant gene with variable expression and 
moderate penetrance. Its incidence is 1 : 35,000.251 The 
predominant significant abnormalities include retinal 
angiomatosis, central nervous system (CNS) heman-
gioblastomas, pheochromocytomas, and renal cell 
carcinoma (40%). RCC in VHL patients usually is mul-
tifocal (75%-90%) and bilateral (75%). These patients 
are often offered nephron-sparing surgery. In addition, 
renal cysts, the most common finding in VHL disease, 
are found in 76% of patients.264 Cysts range from 0.5 to 
3.0 cm in size and are mostly cortical based. Ultrasound 
may be used as an initial screening test for VHL disease. 
However, CT or MRI is better for detection of the small, 
multifocal, bilateral tumors found in VHL disease  

A B

FIGURE 9-74. Localized cystic disease. A, Sagittal sonogram shows multiple, closely opposed, various-sized cysts throughout 
the kidney. B, Contrast-enhanced CT confirms replacement of the left kidney by cysts.

FIGURE 9-75. Acquired cystic kidney disease. Sagit-
tal sonogram demonstrates an echogenic small kidney containing 
multiple cysts. A small amount of intraperitoneal dialysate fluid 
is seen.
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A B

FIGURE 9-76. Von Hippel–Lindau Disease. A, Transverse, and B, sagittal, sonograms show multiple small, complex cystic lesions.

A

C

B

FIGURE 9-77. Tuberous sclerosis with multiple 
angiomyolipomas. A, Sagittal, and B, transverse, sono-
grams demonstrate multiple well-defined echogenic tumors 
throughout the kidney. C, Corresponding non-contrast-
enhanced CT examination shows multiple fat attenuation renal 
lesions.
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common. The treatment of these injuries is controver-
sial. Many urologists suggest nephrostomy and ureteral 
stenting as an initial approach, if possible. Ureteral stents 
are left for 8 to 12 weeks to allow the ureter to heal.271 
Sonography is not useful in the assessment of these  
injuries, except to detect sizable fluid collections and 
hydronephrosis.

Bladder Injuries

Bladder injury may be the result of blunt, penetrating, 
or iatrogenic trauma. Bladder injury may result in extra-
peritoneal or intraperitoneal rupture, or a combination. 
Sonography is usually not helpful in the assessment of 
these injuries, except to identify large fluid collections or 
free intraperitoneal fluid.

VASCULAR ABNORMALITIES

Renal Vascular Doppler Sonography

The number and size of arteries supplying a kidney are 
quite variable. Duplex and color Doppler imaging are 
able to demonstrate both normal and abnormal renal 
blood flow. Normal flow within the renal artery and its 
branches has a “low resistance” perfusion pattern, with 
continuous forward blood flow during diastole. Several 
Doppler parameters have been used to describe changes 
in Doppler arterial spectra that may accompany renal 
disease. The most common parameter is the resistive 
index (RI = peak systolic frequency – end diastolic  
frequency/peak systolic frequency). RI is an easily  
calculated, angle-independent measurement. Calculation 
software is available on even lower-level ultrasound plat-

III: Catastrophic injury (5%): vascular pedicle injury 
and shattered kidney

IV: Uteropelvic junction avulsion
Category I lesions are treated conservatively, whereas 

category III and IV lesions require urgent surgery. Cat-
egory II lesions will be treated conservatively or surgically 
depending on severity.266,267

Computed tomography is regarded as the premier 
imaging modality for the evaluation of suspected renal 
trauma.266 Because renal trauma is frequently accompa-
nied by injuries to other organs, CT has the advantage 
of multiorgan imaging. Theoretically, sonography has 
the capability of evaluating traumatized kidneys; in 
reality, technical limitations usually hinder an adequate 
examination. Sonography does not provide information 
regarding renal function and is probably best used in the 
follow-up of patients with known renal parenchymal 
trauma. Renal hematomas may be hypoechoic, hyper-
echoic, or heterogeneous. Lacerations are seen as linear 
defects that may extend through the kidney if a fracture 
is present (Fig. 9-78). Associated perirenal collections 
consisting of blood and urine will be present if the 
kidney is fractured. Subcapsular hemorrhage may be 
seen as a perirenal fluid collection that flattens the under 
lying renal contour (Fig. 9-79). A shattered kidney 
consists of multiple fragments of disorganized tissue with 
associated hemorrhage and urine collection in the renal 
bed. Color Doppler sonography may be helpful in the 
assessment of vascular pedicle injuries. Recent reports 
also suggest a role for contrast-enhanced sonography in 
the initial bedside assessment and follow-up of renal 
injuries in critically ill patients.268,269

Ureteral Injuries

Traumatic injury of the ureter is most often a complica-
tion of either gynecologic (70%) or urologic (30%) 
surgery.270 Blunt and penetrating injuries are much less 

FIGURE 9-78. Renal laceration. Transverse sonogram 
shows capsular disruption and mixed-echogenicity perirenal 
hematoma. (Case courtesy John McGahan, MD.)

FIGURE 9-79. Subcapsular hematoma after renal 
biopsy. Note compression of kidney (arrowheads) by large, 
hyperechoic subcapsular hematoma.
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intrarenal vessels. Power Doppler also has the advantage 
of not being subject to aliasing and angle dependence. 
However, direction and velocity of motion are apparent 
only with color Doppler ultrasound.

Renal Artery Occlusion  
and Infarction

Renal artery occlusion may be caused by either emboli 
or in situ thrombosis. The degree of renal insult depends 
on the size and location of the occluded vessel. If the 
main renal artery is occluded, the entire kidney will be 
affected, whereas segmental and focal infarction may 
occur with peripherally located vascular occlusion. The 
acutely infarcted kidney is often normal appearing at 
gray-scale sonography. However, no flow within the 
kidney is shown at duplex and color Doppler examina-
tion. Segmental or focal infarction may appear as a 
wedge-shaped mass indistinguishable from acute pyelo-
nephritis (Fig. 9-80). With time, an echogenic mass278 
or scar may form. With chronic occlusion, a small, 
scarred, end-stage kidney will be seen.

Arteriovenous Fistula  
and Malformation

Abnormal arteriovenous communications may be 
acquired (75%) or congenital (25%). Acquired lesions 
are usually iatrogenic, although spontaneous abnormal 
arteriovenous communications may occur with eroding 
tumors. Most acquired lesions consist of a single, domi-
nant feeding artery and a single, dominant draining vein. 
Congenital malformations consist of a tangle of small, 
abnormal vessels. Gray-scale sonography may reveal no 
abnormality. The addition of duplex and color Doppler 
imaging has been helpful in defining these lesions.279 
Duplex Doppler demonstrates increased flow velocity, a 
decreased RI (0.3-0.4), and turbulent diastolic flow in 

forms. However, Keogan et al.272 recommend averaging 
a number of RI measurements in a kidney before a single 
representative average is reported. Most sonographers 
consider an RI of 0.7 to be the upper threshold of normal 
in adults, although renal RIs greater than 0.7 may be 
seen in children under 4 years of age and in elderly 
patients, despite normal renal function.273-275 Mostbeck 
et al.276 also showed how the RI varies with heart rate 
and can range from 0.57 ± 0.06 (pulse, 120/min) to 
0.70 ± 0.06 (pulse, 70/min).

Despite this variability, early literature indicated the 
potential of Doppler for improving the sonographic 
assessment of renal dysfunction. Changes in intrarenal 
spectra (quantified using RI) were associated with acute 
or chronic urinary obstruction, several intrinsic native 
renal diseases, renal transplant rejection, and renal vas-
cular disease. Less favorable results in follow-up studies 
and discouraging clinical experience prompted most 
radiologists to abandon the RI. A review indicated that 
this failed promise may have been caused by a lack of 
understanding of the hemodynamic changes that influ-
ence Doppler spectra.112 Indeed, although the terms “RI” 
and “renal vascular resistance” were used interchangeably 
in initial articles, follow-up studies using in vitro and ex 
vivo models have convincingly shown that the resistive 
index is largely independent of vascular resistance. These 
studies show that the RI varies as a result of driving 
pulse pressures, which explains Mostbeck’s observation 
of rate-dependent changes in RIs, as well as changes in 
vascular/interstitial compliance.113-115

Color Doppler sonography is based on mean Doppler 
frequency shift, whereas power Doppler relies on the 
integrated Doppler power spectrum, which is related to 
the number of erythrocytes producing the Doppler shift. 
Power Doppler is subject to significant flash artifact. 
However, Bude et al.277 showed that in normal coopera-
tive individuals, power Doppler is superior to conven-
tional color Doppler in the demonstration of normal 

A B

FIGURE 9-80. Renal infarct. A, Sagittal sonogram shows a wedge-shaped echogenic mass in the anterolateral renal cortex. 
B, Confirmatory contrast-enhanced CT image shows segmental infarction.
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FIGURE 9-81. Renal arte-
riovenous malformation 
(AVM). Top: Left image, Normal 
sagittal sonogram of the kidney. 
Right image, Focus of color aliasing 
(arrow). Middle: Spectral wave-
form shows a high-velocity drain-
ing vein. Bottom: Spectral wave 
form shows an arterial signal  
from within the AVM. Note high-
velocity, low “resistance” flow  
(RI = 0.46).

the arterial limb. Arterial pulsations in the draining  
vein are also observed. Spectral broadening is present. 
Color Doppler sonography may demonstrate a tangle of 
tortuous vessels with multiple colors, indicative of the 
haphazard orientation and turbulent flow within the 
malformation (Fig. 9-81).

Renal Artery Stenosis

Hypertension may be primary (95%-99%) or second-
ary (1%-5%). The vast majority of patients with second-
ary hypertension have renovascular disease. Renovascular 
disease is most frequently caused by atherosclerosis 
(66%), and the majority of the remaining cases largely 
result from fibromuscular dysplasia.280 Many different 
imaging techniques have been used in an effort to  
detect patients with renovascular hypertension. These 
include intravenous and intra-arterial digital subtraction 
angiography, captopril renal scintigraphy, duplex and 
color Doppler ultrasound, and magnetic resonance 
angiography.

Numerous studies and clinical experience in ultra-
sound laboratories have indicated the utility of Doppler 
ultrasound as an initial screening examination for renal 

vascular hypertension. Despite this, use of this method 
remains controversial. The screening approach may 
involve (1) detection of abnormal Doppler signals at or 
just distal to the stenosis or (2) detection of abnormal 
Doppler signals in the intrarenal vasculature. Evaluation 
of the main renal arteries in their entirety is usually 
impossible. It is estimated that the main renal arteries 
are not seen in up to 42% of patients.281 In addition, 
approximately 14% to 24% of patients will have acces-
sory renal arteries that are usually not detected sono-
graphically. Therefore, evaluation of the main renal 
arteries as a screening approach for renal artery stenosis 
often fails, particularly in difficult-to-scan patients. The 
second approach is to interrogate the intrarenal vascula-
ture, which can be identified in virtually all patients. 
Normally, there is a steep upstroke in systole with a 
second small peak in early systole. A tardus-parvus 
waveform downstream from a stenosis refers to a slowed 
systolic acceleration with low amplitude of the systolic 
peak (Fig. 9-82). To evaluate the delayed upstroke, two 
measurements must be taken:
• Acceleration time: Time from start of systole to 

peak systole.
• Acceleration index: Slope of the systolic upstroke.
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Renal Artery Aneurysm

Renal artery aneurysms are saccular or fusiform dilations 
of the renal artery or one of its branches. The incidence 
of renal artery aneurysm is 0.09% to 0.3%.286 The etiol-
ogy may be congenital, inflammatory, traumatic, athero-
sclerotic, or related to fibromuscular disease. If large 
(>2.5 cm), noncalcified, or associated with pregnancy, 
the possibility of rupture increases and treatment is rec-
ommended. At gray-scale sonography, a cystic mass may 
be seen. The addition of duplex and color Doppler 
imaging will readily demonstrate arterial flow within the 
cystic mass (Fig. 9-84).

Renal Vein Thrombosis

Renal vein thrombosis (RVT) usually results from an 
underlying abnormality of the kidney, dehydration, or 
hypercoagulability. Tumors of the kidney and left 
adrenal gland may grow into the veins, resulting in RVT. 
Extrinsic compression related to tumors, retroperitoneal 
fibrosis, pancreatitis, and trauma may cause RVT by 
attenuating the vessel and slowing flow. In adults the 
most common etiology is membranous glomerulone-
phritis; 50% of patients with this disease will have RVT. 
If thrombosis is acute, the patient may present with flank 
pain and hematuria. Venous collaterals may develop 
with more chronic occlusion; patients with chronic RVT 
thus are often asymptomatic.

The sonographic features of acute RVT are nonspe-
cific and include an enlarged, edematous, hypoechoic 
kidney with loss of normal corticomedullary differentia-
tion287,288 (Fig. 9-85). Occasionally, thrombus will be 
seen within the renal vein, but acutely, it may be anechoic 
and invisible. The use of duplex and color Doppler ultra-

An acceleration time greater than 0.07 second and a 
slope of systolic upstroke less than 3 m/s2 are suggested 
as thresholds to assess for renal artery stenosis.281 Simple 
recognition of the change in pattern may be adequate282 
(Fig. 9-83). Pharmacologic manipulation with capto-
pril283 may enhance the waveform abnormalities in 
patients with renal artery stenosis. Doppler sonography 
remains a controversial technique for the detection of 
native renal artery stenosis. The use of intravascular con-
trast agents increases the technical success rate for the 
evaluation of renal artery stenosis.284 It may also play a 
role in the assessment and follow-up of patients undergo-
ing renal artery angioplasty and stent placement.285

FIGURE 9-82. Schematic diagram of renal artery 
Doppler tracings. Right side, Tracing from a normal renal 
artery. Note early systolic peak. Middle, Tracing shows high-
velocity flow measured at the stenosis. Left side, Tracing shows the 
dampened tardus-parvus waveform downstream from the stenosis. 
(From Mitty HA, Shapiro RS, Parsons RB, et al. Renovascular hyper-
tension. Radiol Clin North Am 1996;34:1017-1036.)

A B

FIGURE 9-83. Renal artery stenosis. A, Intrarenal spectral waveform shows a tardus-parvus signal with a prolonged acceleration 
time and low resistive index (RI). B, Waveform at the origin of the renal artery from the aorta shows a high peak velocity of 410 cm/sec 
with an RI of 0.43.
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often indicates a renal parenchymal abnormality—thus 
the terms “medical renal disease” or “renal parenchymal 
disease.” The acutely injured kidney may hyperechoic, 
echogenic, or normal appearing at ultrasound; a thin rim 
of perirenal fluid is often shown in the acute setting.290,291 
The chronically diseased kidney is small and echogenic 
(Fig. 9-86). Unfortunately, it is usually impossible to 
distinguish between the numerous causes of intrinsic 
renal disease based on the appearance of the kidney at 
ultrasound, although renal size is a clinically relevant 
parameter used to distinguish between acute and chronic 
processes. Thus, percutaneous biopsy is often necessary 
when clinical features and history are inconclusive.

Acute Tubular Necrosis

Acute tubular necrosis (ATN) is the most common cause 
of acute reversible renal failure and is related to deposi-
tion of cellular debris within the renal collecting tubules. 
Both ischemic and toxic insults will cause tubular 
damage. Initiating factors include hypotension, dehydra-
tion, drugs, heavy metals, and solvent exposure. The 
sonographic appearance of ATN depends on the under-
lying etiology. Hypotension-causing ATN will often 
produce no sonographic abnormality, whereas drugs, 
metals, and solvents will cause enlarged, echogenic 
kidneys. Prerenal disease and ATN account for 75% of 
all patients presenting with acute renal failure.

Acute Cortical Necrosis

Acute cortical necrosis (ACN) is a rare cause of acute 
renal failure resulting from ischemic necrosis of the cortex 
with sparing of the medullary pyramids. The outermost 
aspect of cortex remains viable as a result of capsular 

sound may help; however, the inability to detect flow 
within renal veins does not necessarily indicate RVT. 
Extremely slow flow often will not be detected in diffi-
cult-to-scan patients despite optimized technique. Absent 
or reversed end diastolic flow in the intraparenchymal 
native renal arteries may be a secondary sign of RVT. 
Platt et al.289 evaluated 20 native kidneys in 12 patients 
with clinical findings suggestive of acute RVT. They 
found that normal arterial Doppler studies should not 
prevent further workup if RVT is suspected, and that 
absent or reversed diastolic signals should not be consid-
ered highly suggestive of RVT. If findings are equivocal, 
MRI should be performed. Chronic RVT usually results 
in a small, end-stage, echogenic kidney.

Ovarian Vein Thrombosis

Ovarian vein thrombosis is seen in postpartum women, 
but it may also be seen as a result of pelvic inflammatory 
disease, Crohn’s disease, or after gynecologic surgery. 
The right side is affected more often than the left. Gray-
scale, duplex, and color Doppler sonography may reveal 
a long, tubular structure filled with thrombus extending 
from the region of the renal vein to deep within the 
pelvis. Patients are usually treated with anticoagulation 
and antibiotics.

MEDICAL GENITOURINARY 
DISEASES

Patients presenting with elevated creatinine levels are 
often sent to the ultrasound department for an initial 
screening test. The purpose is to rule out an underlying 
mechanical obstruction. If obstruction is not found, this 

A B

FIGURE 9-84. Renal artery 
aneurysm. A, Gray-scale, and 
B, color Doppler, ultrasound 
images show flow within a periph-
erally calcified, distal renal artery 
aneurysm.
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Penicillin, methicillin, rifampin, sulfa drugs, NSAIDs, 
cimetidine, furosemide, and thiazides have been impli-
cated. Usually, renal failure will resolve with cessation of 
drug therapy. At sonography, enlarged echogenic kidneys 
are noted.

Diabetes Mellitus

Diabetes mellitus is the most common cause of chronic 
renal failure. Diabetic nephropathy is believed to be 
related to glomerular hyperfiltration. Renal hypertrophy 
occurs. With time, diffuse intercapillary glomeruloscle-
rosis develops, causing a progressive decrease in renal 
size. At sonography, the kidneys are initially enlarged 
but, with time and progressive renal insufficiency, the 
kidneys decrease in size and increase in cortical echo-
genicity, and corticomedullary junctions are preserved. 
With end-stage disease, the kidneys become smaller and 
more echogenic, and the medulla becomes as echogenic 
as the cortex.293

Amyloidosis

Amyloidosis may be primary or secondary and usually is 
a systemic disease; 10% to 20% of cases may be localized 
to one organ system.294 Patients with amyloidosis often 
present with renal failure. Patients with primary disease 
are more often men, with a mean age of 60 years. Causes 
of secondary amyloidosis include multiple myeloma 
(10%-15%), rheumatoid arthritis (20%-25%), tuber-
culosis (50%), familial Mediterranean fever (26%-
40%), renal cell carcinoma, and Hodgkin’s disease.294 
During the acute phase, the kidneys may be symmetri-
cally enlarged. With disease progression, the kidneys 
shrink; cortical atrophy and increased echogenicity are 
shown at ultrasound. Focal renal masses, amorphous 
calcification, a central renal pelvic mass that may be a 

blood supply. ACN occurs in association with sepsis, 
burns, severe dehydration, snakebite, and pregnancy 
complicated by placental abruption or septic abortion. 
The exact etiology is uncertain, although it is likely 
related to a transient episode of intrarenal vasospasm, 
intravascular thrombosis, or glomerular capillary endo-
thelial damage. At sonography, the renal cortex is initially 
hypoechoic292 (Fig. 9-87). With time (mean, 2 months), 
both kidneys atrophy and the cortex may calcify.

Glomerulonephritis

Necrosis and mesangial proliferation of the glomerulus 
are the hallmarks of acute glomerulonephritis. Systemic 
diseases that also have acute glomerulonephritis as a 
feature include polyarteritis nodosa, systemic lupus ery-
thematosus, Wegener’s granulomatosis, Goodpasture’s 
syndrome, thrombocytopenic purpura, and hemolytic 
uremic syndrome. Patients often present with hematuria, 
hypertension, and azotemia. At sonography, both kidneys 
are affected; the size of the kidneys may be normal, but 
renomegaly is often encountered. The echo pattern of the 
cortex is altered; renal cortex may be normal, echogenic, 
or hypoechoic, but the medulla is spared (see Fig. 9-86). 
With treatment, the kidneys may revert to a normal size 
and echogenicity. Chronic glomerulonephritis occurs 
with unabated acute disease over weeks to months fol-
lowing an acute episode. Profound, global, symmetrical 
parenchymal loss occurs. The calices and papillae are 
normal, and the amount of peripelvic fat increases (see 
Fig. 9-86). Small, smooth, echogenic kidneys are seen, 
with prominence of the central echo complex.

Acute Interstitial Nephritis

Acute interstitial nephritis (AIN) is an acute hypersensi-
tivity reaction of the kidney most often related to drugs. 

A B

FIGURE 9-85. Renal vein thrombosis. A, Sagittal sonogram demonstrates a diffusely enlarged, edematous left kidney with loss 
of corticomedullary differentiation. B, Confirmatory contrast-enhanced CT shows a large, poorly perfused left kidney and thrombus in 
the left renal vein (arrowhead).
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FIGURE 9-86. Medical renal disease/renal paren-
chymal disease in four patients. A, Sagittal, and B, trans-
verse, sonograms show greatly increased renal echogenicity and loss 
of corticomedullary differentiation in acute disease. C, Extremely 
large kidney shows similar, increased cortical echogenicity, but to a 
lesser degree than in A or B. D, Echogenic kidney. Note relatively 
hypoechoic pyramids and perirenal lucency (“perirenal sweat”).  
E, Small, end-stage kidney shows cortical atrophy and renal sinus 
lipomatosis.

hemorrhage or amyloid deposit, and perirenal soft tissue 
masses may be seen. Similarly, involvement of the ureter 
and bladder may be localized or diffuse. Wall thickening 
or masses with or without calcification may be demon-
strated. The diagnosis is made with biopsy.

Endometriosis

Endometriosis occurs when endometrial tissue is found 
outside the uterus in women during the reproductive 
years. Patients typically present with pain, infertility, 
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middle-aged women and has been associated with other 
systemic diseases, including systemic lupus erythemato-
sus, rheumatoid arthritis, and polyarteritis.75 Irritative 
voiding symptoms predominate, and hematuria (30%) 
may occur.295 At sonography, a small-capacity, thick-
walled bladder is seen (Fig. 9-89). Ureteric obstruction 
may be present. In some cases it may be impossible to 
differentiate interstitial cystitis from diffuse transitional 
cell carcinoma of the bladder; patients should have cys-
toscopy with biopsy for confirmation.

NEUROGENIC BLADDER

Voiding is a well-coordinated neurologic process con-
trolled by areas within the cerebral cortex. These areas 

dysmenorrhea, dyspareunia, and menorrhagia. Approxi-
mately 1% of women with pelvic endometriosis will have 
urinary tract involvement, most frequently in the bladder. 
Patients with bladder endometriosis will present with 
hematuria. Bladder endometriosis may be focal or 
diffuse. Less often the ureter and rarely the kidney are 
affected. At sonography, patients with bladder endome-
triosis may present with a mural or intraluminal cyst, or 
a complex or solid lesion. Diagnosis is usually made 
cystoscopically with biopsy (Fig. 9-88).

Interstitial Cystitis

Interstitial cystitis is a chronic inflammation of the 
bladder wall of unknown etiology. It usually affects 

FIGURE 9-87. Acute cortical necrosis. Transverse sono-
gram shows a rim of cortical hypoechogenicity.

FIGURE 9-88. Bladder endometrioma. Transvaginal 
scan demonstrates cystic components in a mural mass that are 
typical for an endometrioma. (From Damani N, Wilson S. Nongy-
necologic applications of transvaginal ultrasound. RadioGraphics 
1999;19:S179-S200.)

A B

FIGURE 9-89. Diffuse bladder wall thickening. Two patients presenting with urinary retention. A, Interstitial cystitis. 
B, Diffuse transitional cell carcinoma in second patient. Both sonograms show marked circumferential bladder wall thickening after Foley 
catheterization. Cystoscopy and biopsy are required for differentiation.
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FIGURE 9-90. Neurogenic bladder. A, Detrusor are-
flexia (lower motor neuron lesion) shows a large-volume, thin-
walled bladder. B and C, Two patients with detrusor hyperreflexia 
(upper motor neuron lesion). Ultrasound shows thick-walled tra-
beculated bladders.

control the detrusor muscle of the bladder as well as both 
the internal and the external urethral sphincter. For  
simplicity, lesions causing neurogenic bladder may be 
divided into those causing either detrusor areflexia—a 
lower motor neuron lesion—or detrusor hyperreflexia—
lesions above the sacral reflux arc.

At sonography, detrusor areflexia results in a smooth, 
large-capacity, thin-walled bladder. The bladder may 
extend high into the abdomen (Fig. 9-90, A). Detrusor 
hyperreflexia produces a thick-walled, vertical, trabecu-
lated bladder, often with associated upper tract dilation 
(Fig. 9-90, B and C). A large, postvoid residual will be 
seen.296 If neurogenic bladder dysfunction is not properly 
diagnosed and treated, rapid deterioration of renal func-
tion may occur.

BLADDER DIVERTICULA

Bladder diverticula may be congenital or acquired. Con-
genital diverticula are known as Hutch diverticula and 
are located near the ureteral orifice. Most acquired diver-
ticula result from bladder outlet obstruction. Bladder 
mucosa herniates through weak areas in the wall that are 

typically located posterolaterally near the ureteral orifices. 
The diverticular neck may be narrow or wide. It is the 
narrow-neck diverticula that lead to urinary stasis and 
give rise to complications, including infection, stones, 
tumors, and ureteral obstruction. Tumors arising in a 
diverticulum have a poorer prognosis than tumors arising 
within the bladder. Diverticula are composed only of 
mucosa and submucosa, without the muscularis layer 
present. Tumors therefore grow and invade much more 
quickly into the surrounding perivesical fat.

At sonography, diverticula appear as an outpouching 
sac from the bladder. The internal echogenicity of the 
diverticulum varies depending on its contents. The neck 
is often easily appreciated (Fig. 9-91). Urine may be seen 
flowing into and out of the diverticulum.

POSTSURGICAL EVALUATION

Nephrectomy

Vascularized retroperitoneal fat is often placed with 
partial nephrectomy defects. The fat may simulate a 
renal mass at both CT and ultrasound. At sonography, 
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obstruction. The role of sonography is mostly for detect-
ing complications rather than for evaluating the pouch 
itself. If the pouch is urine filled, sonographic assessment 
is possible (Fig. 9-92). Often, thickened or irregularly 
shaped bowel wall, pseudomasses, intraluminal mucus 
collections, and intussuscepted bowel segments can be 
seen.299 Stone formation in a pouch may occur.

CONCLUSION

Despite dramatic improvements in MRI and CT over 
the past generation, sonography continues to occupy a 
central role in the evaluation of renal, ureteral, and 
bladder anatomy and disease processes. The ability of 
ultrasound to identify and characterize genitourinary 
disease is an ongoing imaging success story.

the mass may be hyperechoic or isoechoic.297,298 Surgical 
history correlation and an awareness of this potential 
mimic should obviate additional, unnecessary imaging 
evaluation.

Urinary Diversion

Urinary diversions, or ileal conduits, are constructed for 
patients with nonfunctioning bladders or for postcystec-
tomy patients. Recently, the trend has been to form 
continent urinary diversions. A portion of bowel is used 
to create a pouch that can mimic normal bladder func-
tion. The pouch may attach to the abdominal wall (cuta-
neous pouch) or urethra (orthotopic pouch). Postoperative 
complications are similar for both and include urine 
extravasation, reflux, fistula formation, abscess, urinoma, 
hematoma, deep-vein thrombosis, ileus, and small bowel 
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FIGURE 9-91. Bladder diverticula: imaging spectrum. A, Large bladder diverticulum containing multiple calculi (arrows). 
B, Posterolateral Hutch diverticulum. C, Multiple wide-neck diverticula. D, Multiple diverticula of varying size. E, Transvaginal sonogram 
shows an unusual diverticulum in a woman, with debris in the bladder lumen. F, Large transitional cell carcinoma with extensive calcifica-
tion fills the diverticulum. G to I, Patient with a narrow-neck diverticulum (G). H and I, Urine flow into and out of the diverticulum.
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IN MEN AND WOMEN

BACKGROUND

Role of Transrectal  
Prostate Ultrasound

In the early 1980s, transrectal ultrasound (TRUS) of 
the prostate was thought to be the pivotal imaging test 
of the prostate for benign and malignant conditions 
(e.g., benign hyperplasia, obstructive infertility) and for 
cancer evaluation, including screening, diagnosis, biopsy, 
staging, and monitoring of response to therapy. With 
experience and development of new techniques such as 
magnetic resonance imaging (MRI), the strengths and 
limitations of TRUS and other prostate imaging modali-
ties have become better defined.1,2 Most patients cur-
rently are referred for TRUS for examination related to 
prostate cancer evaluation, biopsy, and guidance of ther-
apeutic procedures.1,3 TRUS was initially considered a 
primary screening test for prostate cancer. This role has 
now been replaced by prostate-specific antigen (PSA) 
and digital rectal examination (DRE).4,5 Occasional 
patient referrals relate to infertility and prostatitis. TRUS 
guidance can also be used to biopsy any accessible lesion 
in the pelvis in both men and women.

History of Prostate Ultrasound

Initially, the prostate was (and continues to be) assessed 
by a transabdominal, transvesical approach. The trans-
vesical approach is useful for gross prostate and bladder 
evaluation. Transvesicle assessment is limited to prostate 
size, shape, and weight. However, detail is inadequate 
for prostate cancer detection. Also, most prostate cancers 
occur posteriorly, where transvesical scanning cannot see 
them. As a result, current interest in ultrasonographic 
prostatic imaging follows the development of small, 
intracorporeal transducers that can be employed with 
transrectal techniques.

In the 1960s and 1970s, Japanese investigators pub-
lished their experience with a radial scanner situated on 
a chair.6,7 They installed this device in a van called the 
“Dolphin,” which was used as a mobile screen for pros-
tate cancer in Japan. Since then the technique has 
evolved, with the development of smaller probes; gray-
scale, real-time imaging; improved transducer crystal 
design; and attachment of biopsy guidance devices. An 
additional breakthrough was the development of the 
“biopsy gun” by Lindgren in Sweden.

In addition to color flow Doppler, other, newer ultra-
sound imaging techniques include contrast-enhanced 
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• Peripheral zone
• Transition zone
• Central zone
• Anterior fibromuscular zone

These zones have differing embryologic origins and 
susceptibilities to disease (Fig. 10-1). In the normal 
young man’s gland, however, sonography can rarely 
identify these zones separately unless a pathologic condi-
tion is present (Fig. 10-2). On sonography, it is more 
useful to consider the prostate as having a peripheral or 
outer gland (peripheral zone + central zone) and inner 
gland (transition zone + anterior fibromuscular stroma + 
internal urethral sphincter)11-13 (Fig. 10-3).

The peripheral zone, the largest of the glandular 
zones, contains approximately 70% of the prostatic glan-
dular tissue in a young man before the onset of benign 
prostatic hyperplasia (BPH) and is the site for about 
70% of prostate cancers12,14 (Fig. 10-4). It surrounds the 
distal urethral segment and is separated from the transi-
tion zone and central zone by the surgical capsule, 
which is usually seen as a hypoechoic line but may  
be rendered hyperechoic by the frequent accumulation 

ultrasound, 3D ultrasound, and elastography.8-10 It has 
become apparent that TRUS, especially for the evaluation 
of cancer, should not be performed in isolation. It is 
important to have appropriate history, DRE results, and 
PSA results available before starting the examination.

ANATOMY

General Structures

Original textbook anatomic descriptions of the prostate 
referred to lobar anatomy, describing anterior, poste-
rior, lateral, and median lobes. Although the concept of 
a median lobe bulging into the bladder may be useful in 
the evaluation of patients with benign prostatic hyper-
trophy (hyperplasia), this lobar anatomy has not been 
useful in identification of carcinoma of the prostate.11 
Detailed anatomic dissections of the prostate reveal 
zonal anatomy, with the prostate divided into the fol-
lowing four glandular zones surrounding the prostatic 
urethra:

A

B C

D E

= Transition zone

= Verumontanum

= Central zone

= Fibromuscular stroma

= Periurethral glandular area

= Seminal vesicle

= Ejaculatory duct

= Peripheral zone

FIGURE 10-1. Diagram of prostate zonal anatomy. This is the anatomy in a young man because the transition zone (white 
areas) is small. The transition zone will undergo marked enlargement in older men with benign prostatic hyperplasia. A, Coronal section 
at midprostate level. B, Sagittal midline section. C, Parasagittal section. D, Axial section through base. E, Axial section through apex.
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FIGURE 10-2. Axial sonograms of prostate. A, Transverse image above base shows the seminal vesicles (SV) and vas deferens 
(V); B, bladder. B, Axial scan at midgland level. Note the normal hypoechoic muscular internal urethral sphincter (horizontal arrows) and 
the ejaculatory ducts (vertical arrow). C, Axial scan at lower third of prostate shows hypoechoic urethra (U). Most of the visible gland at 
this level is peripheral zone. Note the irregular outline at the posterolateral aspects (arrows), resulting from the entrance of the neurovascular 
bundles. D, Axial scan just below apex of prostate shows cross section of distal urethra (U). Pelvic sling muscles are visible (arrows).
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FIGURE 10-3. Sagittal views of prostate. A, Midsagittal view shows internal urethral sphincter (white arrows), which contains 
the echogenic collapsed urethra (*). The ejaculatory ducts (E) course from the vas deferens (V) to the verumontanum (oblique arrow). 
B, Midsagittal view at base shows the vas deferens (V) and adjacent seminal vesicles (S) as they enter the prostate. C, Parasagittal 
view shows the lateral prostate, which is homogeneous and isoechoic and composed almost totally of peripheral zone tissue; SV, seminal 
vesicle. D, Parasagittal view above the prostate shows the normal seminal vesicles (SV) and vas deferens (V) in cross section above the 
prostate (P).
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FIGURE 10-4. Benign prostatic hyperplasia (BPH). A, Axial view shows the greatly enlarged, slightly hypoechoic transition 
zone (TZ), which compresses the more echogenic peripheral zone (PZ). Their interface is the surgical capsule (*). The region inside the 
surgical capsule (transition zone) is also called the “inner gland” and the region outside the surgical capsule, the “outer gland,” which is 
composed of peripheral zone plus central zone. (Peripheral zone is the “eggcup” holding the “egg” of the central gland.) B, Benign degen-
erative cysts in the transition zone (arrows). These have no clinical significance. The transition zone can become acoustically very inho-
mogeneous, making cancer diagnosis difficult. C, Heterogeneous nature of hyperplasia in the transition zone; U, urethra. Both hyperechoic 
(black arrow) and hypoechoic (*) areas are present. This inhomogeneity makes cancer detection difficult. D, Sagittal view shows pitfall in 
transrectal ultrasound (TRUS) imaging of BPH. If the field of view is not deep enough (arrows), prominent median lobe enlargement 
may be cut off and may escape detection. E, Transvesical midsagittal scan shows obvious massive enlargement of the median lobe (ML) 
protruding into the bladder; P, prostate. Evaluation for symptoms of prostatism is better done transvesically than transrectally with TRUS. 
F, Axial view of typical transurethral resection of prostate (TURP) surgical defect (*).
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These combine in the pelvic plexus just above and lateral 
to the prostate and give rise to about 6 to 16 small 
branches that supply the seminal vesicles, prostate, levator 
ani, and corpora cavernosa. The cavernosal branches are 
responsible for erections. The nerves and blood vessels 
travel together as the neurovascular bundle in Denonvil-
liers (rectoprostatic) fascia at the posterolateral aspect of 
the prostate, where the vessels are visible with color flow 
Doppler ultrasound. These nerves are vulnerable to 
injury during surgery, radiotherapy, and other interven-
tions. Nerve-sparing prostatectomy is designed to spare 
these nerves and preserve potency.16-18

SONOGRAPHIC APPEARANCE

Various scanning orientations have been proposed; the 
most common matches that for transabdominal sonog-
raphy and other cross sectional imaging modalities (see 
Fig. 10-1). The images are displayed as though one 
stands at the feet of a supine patient and looks headward. 
The rectum is displayed at the bottom of the screen, with 
the ultrasound beam emanating from within the rectum. 
On transverse imaging, the anterior abdominal wall is at 
the top of the screen, with the right side of the patient 
on the left side of the image (see Fig. 10-2). In a sagittal 
plane, the anterior abdominal wall is again located at the 
top of the screen, and the head of the patient is on the 
left side of the image (see Fig. 10-3).

Axial Ultrasound Anatomy

Above the prostatic base, the seminal vesicles are paired, 
relatively hypoechoic, multiseptated structures cephalad 
to the base of the prostate (see Fig. 10-2, A). They 
usually measure about 1 cm front to back, but occasion-
ally are more dilated in normal men. The adjacent vas 
deferens are visible as uniform muscular tubes measuring 
about 6 mm in diameter coursing from the internal 
inguinal ring to lie beside the seminal vesicles and then 
ultimately enter the prostate at midbase, where they 
become the ejaculatory ducts. The two ejaculatory 
ducts can be followed to the verumontanum (seminal 
colliculus).

In the axial plane, the urethra between the bladder 
neck and verumontanum and its surrounding smooth 
muscle, the internal sphincter, can be quite conspicuous, 
measuring 2 cm in diameter. Especially in young men, 
the muscular sphincter can appear so hypoechoic as  
to mimic the appearance of a transurethral resection 
defect (see Figs. 10-2, B, and 10-3, A). Those unfamiliar 
with transrectal and pelvic ultrasound may mistake  
the sphincter for tumor because both can be similarly 
hypoechoic. Such erroneous reports typically state that 
there is a “2-cm hypoechoic suspicious nodule anteriorly 
in the prostate.” The muscular sphincter ends at the 
verumontanum, which forms a small bulge pointed ante-

of corpora amylacea or calcifications along this line. Tra-
ditionally, urologists at the time of suprapubic resection 
(or transurethral resection of prostate) believed that they 
dissected to this line; thus the designation “surgical” 
capsule. The peripheral zone occupies the posterior, 
lateral, and apical regions of the prostate, extending 
somewhat anteriorly, resembling an eggcup holding the 
“egg” of the central gland.

The transition zone in a young man contains approx-
imately 5% of the prostatic glandular tissue. It is seen as 
two small glandular areas positioned like saddlebags 
adjacent to the proximal urethral sphincter, a muscular 
tube up to 2 cm in diameter. The transition zone is the 
site of origin of most BPH and about 20% of prostate 
cancer.12,14

The central zone constitutes approximately 25% of 
the glandular tissue. It is wedge shaped at the prostate 
base between the peripheral and transition zones. The 
ducts of the vas deferens and seminal vesicles enter the 
base of the prostate at the central zone, where they are 
renamed the ejaculatory ducts and pass through it en 
route to the seminal colliculus (crest), or verumonta-
num (see Figs. 10-1 and 10-2). The central zone is 
thought to be relatively resistant to disease processes  
and is the site of origin of only about 5% of prostate 
cancer.12,14

At the base of the prostate is the thick, muscular, 
continence-providing, internal urethral sphincter. Its 
substantial muscular content can make it appear 
hypoechoic. It contains periurethral glands that often 
contain calcifications11-13 (see Figs. 10-1, 10-2, B, and 
10-3, A).

Vascular and Neural Structures

The prostate is supplied by the prostaticovesical arteries, 
which arise from the internal iliac arteries on each side. 
These vessels then gives rise to the prostatic artery and 
inferior vesical artery. The prostatic artery gives rise to 
the urethral and capsular arteries. The inferior vesical 
artery supplies the bladder base, seminal vesicles, and 
ureter. The urethral artery supplies about one third of 
the prostate, and the capsular branches supply the 
remainder.15

With color Doppler ultrasound, particularly using the 
power mode, the prostate appears mildly to moderately 
vascular. The capsular and urethral arteries are easily 
seen, and branches to the inner gland and peripheral 
zone may be prominent, often in a spokelike radial 
pattern with the periurethral vessels as the axle (Fig. 
10-5). A dense cluster of vessels is often seen capping the 
base of the prostate, and care must be taken not to 
mistake these for tumor vascularity.

The nerve supply to the prostate has only recently 
been clarified, and not all textbooks are current.16-18 Para-
sympathetic supply is through the S2-S4 sacral roots, and 
sympathetic supply is through the hypogastric nerve. 
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FIGURE 10-5. Normal Doppler ultrasound anatomy in patient with moderate BPH. A, Axial view with power 
Doppler ultrasound shows the urethral vessels (U), some vessels along the surgical capsule (S), and the neurovascular bundle (NV) on one 
side. This is an average degree of vascularity. Note the large vessels, mostly veins, outside the prostate. Care must be taken when biopsy 
is performed outside the prostate to avoid injury to these vessels. B, Color Doppler flow imaging compared with power Doppler ultrasound. 
Vascular density is slightly more difficult to evaluate, and degree of color vascularity is more dependent on machine settings than with 
power Doppler.

riorly, often with a small, conspicuous calcification at its 
apex, giving it an Eiffel Tower appearance.

The inner transition zone is separated from the periph-
eral zone by the usually hypoechoic surgical capsule (see 
Fig. 10-4, A). This line becomes obvious as BPH enlarges 
the transition zone. Often, corpora amylacea, seen as 
echogenic foci, develop along the surgical capsule (Fig. 
10-6, C). Frequently, in young men, no clear separating 
line is seen between the zones (see Fig. 10-2, B). The 
peripheral zone has a uniform, homogeneous texture and 
is slightly more echogenic than the transition zone. The 
peripheral zone echogenicity is taken as the standard for 
echogenicity in the prostate and is defined to be isoechoic. 
Echogenicity in other areas of the gland is compared to 
that of the peripheral zone. Laterally, the peripheral zone 
curves anteriorly to enclose the transition zone; this 
upward curved part was named the “anterior horns” by 
Dr. Babaian from Texas because it resembled the horns 
of a steer. The margin of the prostate forms a clear inter-
face with the periprostatic fat except posterolaterally, 
where vessels enter the prostate and make the margin 
indistinct, an appearance that can mimic tumor extension 
through the capsule. Prominent veins of Batson’s venous 
plexus are visible in the periprostatic fat, sometimes con-
taining calcified shadowing phleboliths.11

Sagittal Ultrasound Anatomy

On midsagittal view, the muscular internal urethral 
sphincter can be seen extending from the bladder to 
verumontanum. When corpora amylacea fill the periure-
thral glands, they may form a linear hyperechoic configu-
ration (Fig. 10-3, A). The anterior fibromuscular zone 
forms an inconspicuous area anterior to the internal 
sphincter. At the verumontanum, the distal urethra 
angles slightly anteriorly and ultimately exits the apex  

of the prostate just before it enters the urogenital dia-
phragm, which is the external urethral sphincter. In the 
true midline the apex can be difficult to identify because 
it blends with the urethra. Often, a subtle bulge just at 
the junction helps to identify it. When measuring the 
head-to-foot length of the prostate, the scan plane can 
be shifted minimally to one side of this apical urethra to 
identify the apex more clearly. In the midplane the ejacu-
latory ducts are visible as hypoechoic tracts extending 
from the vas deferens at the base to the centrally located 
verumontanum (see Figs. 10-2, A, and 10-3, A).

Parasagittally, in men with hyperplasia, the anterior 
hyperplastic transition zone can be seen separated from 
the posteriorly situated peripheral zone by the surgical 
capsule. The vas deferens and seminal vesicles are visible 
above the base. Still more laterally, the transition zone 
ends, leaving only the part of the peripheral zone that 
curves anteriorly at the sides of the glands (anterior 
horns). With BPH, the transition zone enlarges antero-
laterally and compresses the peripheral zone into a thin, 
posterior rim11 (Fig. 10-4, A).

Prostate “Capsule”

On transverse and sagittal imaging, the border of the 
prostate with the periprostatic fat appears sharply defined 
except at the posterolateral margins, where the neurovas-
cular bundle enters the prostate and makes the margin 
look ragged (see Fig. 10-2, C ). Histologically, the pros-
tate does not have a true membranous capsule but rather 
just condensed connective tissue through which the 
vessels and nerves course.19 In addition to the absence of 
a well-defined capsule, the presence of prominent but 
normal vessels in the periprostatic soft tissues posterolat-
erally may make assessment of “capsular” integrity dif-
ficult in patients with prostate cancer.
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FIGURE 10-6. Normal anatomic variants. A, Axial view with benign glandular ectasia (arrows) seen as a peripheral hypoechoic 
area containing multiple radially oriented tubes. This hypoechoic appearance should not be mistaken for cancer. B, Parasagittal view of 
benign ectatic glands (arrows). C, Axial view shows extensive echogenic material, both calcifications and corpora amylacea (arrows), along 
the surgical capsule and peripheral zone. This has no clinical significance and usually is not palpable. It hinders ultrasonic visibility.  
D, Doppler examination of same patient shows the extensive Doppler noise artifact caused by the calcifications. Virtually all the visible 
color is artifactual.

EQUIPMENT AND TECHNIQUES

Most modern ultrasound machines have transrectal 
probes, which have been developed to perform ultra-
sound of the prostate and rectum. Transducer frequency 
should be at least 5 MHz, and most are as high as 7 or 
11 MHz. Probe design and biopsy attachments vary. It 
is advantageous to use the thinnest probe that provides 
adequate imaging because some men have “tight” anal 
sphincters and cannot tolerate large probes.

Crystal arrangements include convex array, linear 
array, and rotating mechanical configurations. Rotat-
ing mechanical transducers allow 360-degree imaging 
and are superb for evaluating the anus and rectum. 
Scan plane configurations include end-fire, off-axis 
end-fire, side-fire axial, and side-fire linear array along 
the sides of the shaft. Side-fire axial and linear crystals 
are often combined on the same probe to allow axial 
and sagittal views without needing to withdraw the 
probe.

Transducer Design

After initial development of linear array and rotating 
radial probe designs, manufacturers developed probes for 
biplane transrectal prostate scanning with either a 
single probe or multiple probes on the same machine. A 
convenient probe for most biopsy applications is an end-
fire transducer, which allows for multiplanar imaging in 
transverse and axial projections and is well suited for 
biopsy guidance (Fig. 10-7).

The current trend in probe design emphasizes high 
midfrequencies (8-10 MHz) and broad bandwidth. This 
has increased spatial resolution, but at the cost of 
decreased lesion conspicuity and edge detection. Probes 
with a center frequency of about 5 MHz were previously 
shown to provide a good balance between spatial reso-
lution and tissue/cancer contrast. Higher-frequency 
transducers reduce contrast and result in echo fill-in of 
lesions.20

Probes should be covered with sheaths or condoms 
during the examination (Fig. 10-7). Sheaths are often 
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such as fissures or inflamed hemorrhoids. End-fire probe 
insertion may be done under direct vision to facilitate 
following the curve of the rectal canal and decrease 
patient discomfort. Recently, Ching et al.22 suggested 
that the use of an end-fire probe to guide biopsy also 
increases cancer detection.

When examining the prostate gland, a systematic 
approach works best (see Figs. 10-2 and 10-3). Typi-
cally, the prostate is scanned first in gray scale with 
representative images taken, starting in the transverse 
plane, from seminal vesicles at the base to urethra at 
the apex, then in the sagittal plane, from right to 
midline to left lobe. Subsequently, the scan is repeated 
with Doppler flow ultrasound imaging in the trans-
verse plane to allow evaluation of vascular symmetry 
(see Fig. 10-5).

Measurements are taken as follows: maximal trans-
verse width (W; right to left), anteroposterior plane (AP; 
anterior midline to rectal surface), length (L; maximal 
head to foot). Although various sonographic techniques 
can be used to estimate prostate size,23,24 prostate volume 
is usually calculated with the “oblate spheroid” formula: 
volume = 0.5236 × (W × AP × L). Volume measurement 
is only moderately repeatable, and most practitioners are 
only able to repeat within about ±10% in most cases. 
Prostate volume can be converted to prostate weight 
because the specific gravity of prostate tissue is about 1, 
thus 1 cc (mL) of prostate tissue is equivalent to 1 g. 
More precise and repeatable measurements can be 
obtained with the “step-section technique,” but this is 
time-consuming and requires special side-fire probes and 
external stepping equipment.

Color or power Doppler ultrasound is routinely used, 
particularly when searching for cancer. We find vessel 
density is more easily evaluated with power Doppler, 
which portrays color more evenly and is three to five 
times more sensitive than the multicolored Doppler 
display (see Fig. 10-5). Pulsatility indices have not 
proved helpful. Halpern et al.25 suggested that Doppler 
depiction of prostate vascular density varies with patient 
position, the dependent side being more vascular; 
however, this has not been our experience. Excessively 
enhanced vascularity is not specific and can be 
seen with hypertrophy, inflammation, and cancer. A 
pitfall for Doppler ultrasound is the normal, high vascu-
lar density seen capping the base of the left and right 
lobes; this should not be mistaken for the enhanced 
vascularity seen with tumors. Off-axis transverse scans 
that catch the bases asymmetrically may incorrectly 
suggest that one side has increased vascularity and lead 
to suspicion of tumor. It is important to ensure a true 
axial orientation at the base when evaluating these 
vessels. Even a slightly off axial plane that includes  
only the vessels on one side can suggest asymmetrically 
enhanced vascularity suspicious for cancer. Parasagittal 
views to examine basal vessels are useful to avoid this 
pitfall.

made of latex, so nonlatex covers should be available for 
patients with latex allergy. Between uses, the probes are 
washed and then soaked in an antiseptic solution follow-
ing manufacturers’ recommendations. Care must be 
taken concerning the depth of safe insertion of the probe 
into the solution to avoid damaging crystals and electric 
connections.

Some probes use a water path between the crystal and 
the rectal mucosa. This decreases the near-field artifact 
and can be useful for examining the rectal wall itself or 
the structures close to the rectal wall. However, this 
water path can create artifacts if air is allowed into the 
system.

Scanning Technique

The patient usually lies in a left lateral decubitus posi-
tion for the scan. Some examiners prefer a lithotomy 
position, particularly if the examination is done in con-
junction with other urologic procedures or transperineal 
interventions. Rectal cleansing is generally done before 
the scan. A self-administered rectal enema is preferred, 
but laxatives can be used in men who cannot administer 
the enema. Some believe the enema decreases infectious 
complications of biopsy.21 It is routine to perform a 
digital rectal examination before probe insertion to 
ensure no rectal abnormalities interfere with safe probe 
insertion and to correlate the imaging with palpable 
abnormalities. Using adequate lubrication, the probe is 
gently inserted into the rectum. To decrease discomfort, 
viscous lidocaine (Xylocaine) gel can be used as the lubri-
cant in patients with tight sphincters or anal pathology 

FIGURE 10-7. Typical ultrasound probes for trans-
rectal and intracavitary work. Left, Probe is undressed. 
Right, Probe is dressed with inner condom, biopsy guide, and 
outer condom. Most men come for biopsy, so to save time and 
avoid additional probe withdrawls and insertions my group starts 
the examination with the probe dressed and biopsy guide in place.



400  PART II ■ Abdominal, Pelvic, and Thoracic Sonography

other treatments can include watchful waiting, medical 
therapy, open surgery, and laser therapy. Many men 
have a misguided concern about prostate size. The issue 
is urinary obstruction, not prostate size, which correlates 
only somewhat with obstruction.

The sonographic appearance of BPH varies and 
depends on underlying histopathologic changes. The 
typical sonographic feature of BPH is enlargement of 
the inner gland (transition zone). With BPH, the 
enlarged transition zone can exhibit diffuse enlargement 
or distinct hypoechoic, isoechoic, or hyperechoic 
nodules27 (see Fig. 10-4). The specific echo pattern 
depends on the admixture of glandular, stromal, and 
muscular elements and nodules, which may be fibroblas-
tic, fibromuscular, muscular, hyperadenomatous, or 
fibroadenomatous and may undergo degenerative cavita-
tion.27,28 BPH nodules tend to have distinct margins, 
unlike transition zone cancer, which can appear as a 
diffuse, poorly marginated, usually hypoechoic nodule. 
Hyperplasia of the periurethral glandular elements results 
in “median lobe” enlargement manifesting as a bulge 
into the urinary bladder.

Calcifications and degenerative or retention cysts 
are common in the transition zone (Fig. 10-8, A, see also 
Fig. 10-4, B). Because of the distortion of the gland in 
patients with BPH, some hyperplastic nodules may 
bulge into the peripheral zone when they actually origi-
nate in the transition zone. Hypoechoic, well-circum-
scribed transition zone nodules are virtually always 
benign.29 Although BPH nodules are generally confined 
to the transition zone, on occasion they can actually 
(contrary to some textbooks) form entirely within the 
peripheral zone, where they can be seen as an isoechoic 
nodule with a well-circumscribed halo similar in appear-
ance to those seen in the transition zone. They can create 
a prominent bulge at the capsule. Because these benign, 
peripheral zone nodules are palpable as a firm or hard, 
cancerlike nodule, they should undergo biopsy to confirm 
their benign nature and obviate continuing concern.30

Prostate size correlates poorly with urinary obstruc-
tion, and a large prostate is often seen in asymptomatic 
patients, whereas other patients with severe voiding dif-
ficulties caused by prostatic obstruction may have small 
glands. Also, remember that urinary dysfunction is mul-
tifactorial and can arise from abnormalities of the central 
nervous system, spine, bladder, prostate, and urethra. 
Patients with urinary dysfunction need evaluation of all 
these systems, not only the prostate. Investigation of the 
patient with symptoms of prostatism is best done trans-
vesically. Transvesical ultrasound can adequately assess 
prostate size, identify median lobe enlargement, and 
evaluate bladder volume and postvoid residual, bladder 
wall character, trabeculation, diverticula, tumors, and 
calculi, as well as evaluate the kidneys and ureters for 
hydronephrosis and masses12 (see Fig. 10-4).

Transrectal ultrasound plays only a small role in the 
assessment of BPH and LUTS. It is used primarily if 

BENIGN CONDITIONS

Normal Variants

Benign ductal ectasia is seen in older men who develop 
atrophy and dilation of peripheral prostatic ducts. These 
are visible as single or grouped, radially oriented, 1 to 
2–mm–diameter tubular structures in the peripheral zone, 
starting at the capsule and radiating toward the urethra. 
When clustered, dilated ducts can form a hypoechoic area 
that could be mistaken as prostate cancer. Ductal ectasia 
has no clinical significance (see Fig. 10-6, A and B).

Prostatic calcifications and corpora amylacea are 
normal findings and are more common with advancing 
age. Both form bright, echogenic foci or clumps in the 
prostate. Corpora amylacea are simply proteinaceous 
debris in dilated prostatic ducts, most often seen in peri-
urethral glands and along the surgical capsule, although 
they can occur anywhere in the prostate. When densely 
clustered, corpora amylacea can cause significant sound 
attenuation, which prevents TRUS examination of the 
anterior parts of the prostate. On Doppler imaging they 
create a prominent “twinkle” artifact. Subclinical infec-
tions, inflammation, and atrophy may contribute to 
their formation. Corpora amylacea have no clinical sig-
nificance, and even if dense or clumped, they are usually 
not palpable. Peripheral zone calcifications should not 
be accepted as a cause for palpable firmness or nodules. 
Patients with palpable abnormality need further evalua-
tion with biopsy (see Fig. 10-6, C and D).

Benign Prostatic Hyperplasia

Prostate enlargement with BPH is a common cause of 
lower urinary tract symptoms (LUTS) in older men. 
BPH affects about 50% of men over age 60 years and 
over 90% over age 70. The weight of the gland in a young 
man is approximately 20 g. From age 50, the doubling 
time of prostate weight is approximately 10 years. Pros-
tates weighing more than 40 g are generally considered 
enlarged in older men. The etiology of BPH is unclear 
but probably related to hormonal changes with aging. 
The process results in hypertrophy and hyperplasia of the 
fibrous, muscular, and glandular elements, primarily 
affecting the transition and periurethral zones.2,12

Also called prostatism and bladder outlet obstruc-
tion, LUTS can relate to increases in prostate size and 
muscular tone, both of which result in urethral constric-
tion. Symptoms include frequency, nocturia, weak 
stream, hesitancy, intermittence, incomplete emptying, 
and urgency. Symptoms are quantified using the Ameri-
can Urological Association (AUA) symptom index.12,26 
After exclusion of other systemic causes of the symp-
toms, such as neurologic disease, diabetes, and local 
urinary conditions, treatment focuses on the prostate. 
Transurethral resection of the prostate (TURP) is 
considered the standard of care in many patients, but 
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FIGURE 10-8. Prostate cysts. A, Degenerative retention cyst of BPH (arrow). This is the most common type of cyst seen in the 
prostate and has no clinical significance. Note the marked asymmetry of benign prostatic hyperplasia, with the left transition zone (L) 
much larger than the right (R), and the asymmetrical position of the urethra (U). B, Utricle cyst on axial view through the prostate base 
(U). These cysts are typically in the midline and have a distinct wall. C, Midsagittal view shows the utricle cyst (U) with its characteristic 
teardrop shape pointing toward the verumontanum (arrow). These cysts can obstruct ejaculatory ducts and result in seminal obstruction 
and dilation of seminal vesicles (SV), as is seen in this patient. D, Peripheral zone cyst (arrow). These cysts are uncommon but may be 
so tense that they mimic the hardness of cancer at digital rectal examination. Biopsy is needed just to prove that this is not cancer. They 
disappear after biopsy. E, Utricle cyst with calcifications along its wall (arrows). This type of cyst can be related to hematospermia.
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about half of these men and can include edema, prostate 
enlargement, increased blood flow, venous engorgement, 
hypoechoic peripheral halo, and altered patchy echo 
changes that can be decreased or increased, or both33,36 
(Fig. 10-9, A and B). The diagnosis is mainly clinical. 
Symptoms should subside promptly with antibiotic 
therapy, but treatment is continued for 4 to 6 weeks. If 
symptoms do not quickly subside, abscess formation 
should be considered. Abscesses occur in 0.5% to 2.5% 
of patients with acute bacterial prostatitis and are more 
common in those with underlying diabetes mellitus or 
immunosuppression (including HIV) and after catheter-
ization or instrumentation (Fig. 10-9, E). In such patients, 
TRUS should be promptly employed for diagnosis. Small 
abscesses may not need drainage, but larger abscesses can 
be easily drained transrectally or transperineally, using 
TRUS guidance, or can be unroofed at cystoscopy.33,37-39 
Experience has shown that simple transrectal aspiration 
can be effective without need for a drainage catheter. 
Abscesses have resolved even after a single drainage, but 
repeat aspiration is easily performed if needed.

Chronic bacterial prostatitis is also uncommon. 
Patients are typically afebrile but have recurrent episodes 
of bacterial urinary infection–like symptoms. Generally, 
urine cultures are negative, but some have gram-negative 
organisms, most often E. coli. Empirically, about half of 
patient with chronic bacterial prostatitis respond to 6- to 
12-week courses of antimicrobial therapy.35 Most have 
no ultrasound findings.33

Chronic prostatitis/chronic pelvic pain (CP/CPP) 
syndrome is the most common form of prostatic inflam-
mation. It accounts for about 90% of cases and affects 
about 1.9:100 men. It is the most difficult to understand 
and treat. CP/CPP syndrome is classified into two types, 
A and B. The inflammatory type A is diagnosed by 
seeing leukocytes in prostate secretions, urine, or semen. 
In contrast, the noninflammatory type B shows no 
evidence of inflammation and is also called prostato-
dynia. The etiology is unknown, and the CP/CPP name 
recognizes that the prostate may not be the sole source 
of discomfort. The symptoms, however, are identical to 
true prostate infection. Neurologic factors, psychological 
factors, stress, and genetic predisposition have been 
implicated, as well as association with other conditions, 
such as fibromyalgia, irritable bowel syndrome, and 
chronic fatigue syndrome. No cause is identified in the 
majority of men with CP/CPP. Patients may respond to 
antibiotics, alpha blockers, nonsteroidal anti-inflamma-
tory drugs (NSAIDs), and analgesics, which are often 
used in multimodal fashion.31,33 In most cases the pros-
tate appears normal at ultrasound. Some sonograms 
show nonspecific findings such as peripheral hypoechoic 
areas, calcifications, venous congestion, increased arterial 
flow, bladder neck thickening, hypoechoic prostatic rim, 
and periurethral hypogenicity.33,36,40,41

Asymptomatic inflammatory prostatitis is diag-
nosed in men who have no history of genitourinary pain 

there is a clinical concern for prostate cancer (BPH is 
one cause for PSA elevation) or there is need for precise 
gland volume determination to help determine and 
follow appropriate surgical or medical treatments.11

Patients who have TURP initially have a large basal 
surgical defect, but this rapidly decreases in size as the 
gland collapses into the defect. This can surprise unwary 
urologists, who may think they have removed consider-
ably more tissue than the visible defect suggests. However, 
patients are generally symptom free after these proce-
dures, suggesting that the amount of prostatic tissue 
removed does not necessarily correlate with success (see 
Fig. 10-4, F).

Prostatitis

Understanding of the condition called “prostatitis” has 
changed over the years. It is not merely “infection in the 
prostate.” Rather, prostatitis refers to a chronic pain 
syndrome in which, surprisingly, infection, inflamma-
tion, and even involvement of the prostate are not always 
present.31 Prostatitis and pelvic pain complaints encom-
pass many clinical syndromes and can severely affect the 
quality of life of many men, who have chronic pain, 
sexual dysfunction, and LUTS. Patient and physician are 
often frustrated because diagnosis and treatment can be 
time-consuming and ineffective. The impact of prosta-
titis on quality of life has been likened to the morbidity 
of myocardial infarction, angina, or Crohn’s disease. An 
estimated 9% to 13% of all men in the 40 to 50–year–
old age group are affected. About 25% of visits to urolo-
gists relate to prostatitis symptoms. In men under 50 
years, chronic prostatitis/chronic pelvic pain syndrome 
is the leading cause of visits to a urologist, and in men 
over 50, it is the third most common cause, after BPH 
and cancer.32,33 The lack of public awareness of this 
condition likely relates to men’s general reluctance to 
discuss “personal” concerns.

A consensus group at the National Institutes of Health 
(NIH) in 1999 under the National Institute of Diabetes 
and Digestive and Kidney Diseases (NIDDK) and the 
International Prostatitis Collaborative Network estab-
lished a definition and an NIDDK classification system 
for prostatitis syndromes that includes the following 
four categories32-34:
I. Acute bacterial prostatitis
II. Chronic bacterial prostatitis
III. Chronic prostatitis/chronic pelvic pain syndrome

A. Inflammatory
B. Noninflammatory

IV. Asymptomatic inflammatory prostatitis
Acute bacterial prostatitis is the least common form 

of prostatitis, seen in about 2 of 10,000 office visits; 5% 
to 10% become chronic.35 Patients present with symp-
toms of acute urinary or systemic infection, usually 
caused by infection with gram-negative organisms such 
as Escherichia coli. Ultrasound findings are seen only in 
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FIGURE 10-9. Prostatitis. Most men with prostatitis have a normal-appearing prostate that can be exceedingly tender if the condi-
tion is acute. A, Biopsy-proven nonacute inflammation. Multiple geographic hypoechoic areas on both sides (arrows) mimic tumor on 
TRUS and Doppler and are associated with PSA elevation. B, Power Doppler ultrasound demonstrates increased vascularity in areas of 
inflammation (*). C, BCG noncaseating granulomatous prostatitis as a mass lesion (arrow) in a man whose bladder cancer had been 
treated with bacille Calmette-Guérin (BCG) instillation. This mimics tumor, but the diagnosis can be suspected from the history. D, 
Granulomatous prostatitis mimics cancer and here appears as a tumor extending beyond the capsule and invading the rectal wall (arrow); 
I, inflammatory mass. E, Large prostate abscess in AIDS patient. Virtually the entire prostate is replaced by the abscess collection (*); 
N, node. This patient and other patients with abscess have responded rapidly to one or two TRUS-guided abscess aspirations and 
antibiotics.
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Retention cysts are focal cysts, often on the surface 
of the prostate, resulting from duct obstruction. Typi-
cally they are small, less than 1 cm. They can be very 
tense and become palpable as a hard prostate nodule 
mimicking cancer at DRE, but at ultrasound appear as 
a typical cyst. They have no significance, but if palpable, 
my group will aspirate them to confirm their benign 
nature and to avoid future clinical concern when a hard 
“nodule” is again palpated (Fig. 10-8, D).

Congenital cysts of the prostate occur in or close to 
the midline and are related to the wolffian (mesonephric 
or pronephric [archinephric]) ducts or müllerian 
(paramesonephric) ducts.43 Most patients with congeni-
tal cystic lesions in the prostate and seminal vesicle will 
be asymptomatic. Occasionally, these cysts cause symp-
toms or may become infected, particularly if they are 
large (see Fig. 10-8, B and C).

Congenital abnormalities are common in and 
around the prostate and seminal vesicles.44,46 The mül-
lerian tubercle gives rise to the prostatic utricle, a small, 
midline blind pouch situated near the summit of the 
verumontanum. Prostatic utricle cysts are caused by 
dilation of the prostatic utricle (see Fig. 10-8, E). Utricle 
cysts can be associated with unilateral renal agenesis and 
rarely, contain spermatozoa. Utricle cysts are always in 
the midline and are usually small and contained inside 
the prostate, but occasionally they can become quite 
large, several centimeters in diameter (see Fig. 10-8, B 
and C). Müllerian duct cysts may arise from remnants 
of the paramesonephric duct. Müllerian duct cysts are 
mainly midline but may extend lateral to the midline 
and can be large and extend above the prostate. They 
have no other associations and never contain spermato-
zoa. As with utricle cysts, they have a teardrop shape 
pointing toward the verumontanum, a thick visible wall, 
and occasional mural or contained calcifications. In prac-
tice, utricle and müllerian cysts appear similarly, and 
their differentiation is not important. When large, both 
types may obstruct ejaculatory ducts or develop calcifica-
tions and become symptomatic, painful, or infected, and 
rarely they may develop tumors.

Ejaculatory duct cysts are usually small and probably 
represent cystic dilation of the ejaculatory duct, possibly 
as a result of obstruction. Alternatively, they may be 
diverticula of the duct. They tend to be fusiform in shape 
and are typically pointed at both ends. Ejaculatory duct 
cysts contain spermatozoa when aspirated. They can be 
associated with infertility and may be seen in patients 
with a low sperm count. Some may cause perineal 
pain.43,45,46

Prostate abscesses form “cysts” that resemble 
abscesses seen elsewhere as cavities with thick, irregular 
walls and debris containing fluid (see Fig. 10-9, E). Coli-
form organisms such as E. coli are the most common 
etiology. Predisposing conditions include diabetes, 
instrumentation, and immunodeficiency. Transrectal 
aspiration or TURP drainage can be effective treatments, 

complaints but who are shown to have inflammatory 
changes at histology. Often, biopsy is done because of 
PSA elevations that are common with prostate inflam-
mation, even with asymptomatic inflammation.

Diagnostic protocols have attempted to differentiate 
among the various types of prostatitis using history, physi-
cal examination, and urine or other cultures.32 An issue for 
TRUS and biopsy is that many of these men have chroni-
cally elevated but often fluctuating PSA, even in excess  
of 10 nanograms per milliliter (ng/mL) and the often-
multiple inflammatory areas can mimic cancer at the 
ultrasound. Biopsy may be needed to exclude cancer. The 
free/total PSA ratio with inflammatory conditions tends 
to be higher than seen with cancer38 (Fig. 10-9, C and D).

Other infectious/inflammatory conditions affecting 
the prostate do not fit easily into these groups. These 
include conditions such as malacoplakia, eosinophilic 
prostatitis, cytomegalovirus (CMV) prostatitis, and 
granulomatous prostatitis. Granulomatous prostatitis 
is usually idiopathic but also can follow prior instrumen-
tation and may be caused by bacteria (e.g., tuberculosis, 
brucellosis, syphilis) fungi (e.g., coccidiomycosis, blasto-
mycosis, histoplasmosis, cryptococcosis), and parasites 
(e.g., schistosomiasis). Cases likely to be seen in North 
America are caused by bacille Calmette-Guérin (BCG). 
BCG is commonly instilled into the bladder to treat 
transitional cell carcinoma. It leaks into the prostate, 
where it can cause granulomatous inflammation. Granu-
lomatous prostatitis mimics cancer at DRE and TRUS 
and elevates PSA. A history of BCG instillation can be 
reassuring, but biopsy generally is needed to exclude 
cancer42 (Fig. 10-9, C and D).

The contribution of TRUS is limited in patients with 
acute prostatitis. Physical examination and placing the 
probe in the rectum are often difficult because of pain. 
Ultrasound may demonstrate significant abnormality, 
mimicking carcinoma. In general, inflamed prostates are 
hypoechoic and often show several strikingly hypoechoic 
areas and enhanced vascularity.

Prostate and Seminal Vesicle Cysts

Prostate cysts have been grouped into six categories: (1) 
parenchymal cysts, (2) isolated medial cysts (utricle and 
müllerian), (3) ejaculatory duct cysts, (4) abscesses, (5) 
cystic tumors, and (6) cysts related to parasitic disease 
(schistosomiasis, hydatid disease).43-45 The most common 
cysts are parenchymal degenerative cysts in hyperplas-
tic nodules in the transition zone. These have no clinical 
significance but on occasion can become large enough to 
contribute to urinary or ejaculatory obstruction. Typi-
cally, these are seen as unilocular or thinly septated mul-
tilocular cysts in a typical BPH nodule in the transition 
zone (see Fig. 10-8, A). Some patients develop atrophic 
dilation of prostate ducts, which appear as 1 to 2 mm 
diameter clusters of radially oriented tubules or cysts. 
These have no significance.
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and bladder diverticulum. The seminal vesicle is a 
common site of ectopic insertion of the ureter.43,47

Calcification of the vas deferens or seminal vesicles 
can occur with diabetes or infection. Diabetic calcifica-
tion tends to involve the walls and resembles “tram 
tracks” on x-ray films, whereas infectious/inflammatory 
calcification is luminal and segmental and may be associ-
ated with seminal vesicle calcifications.48 On occasion, a 
1-cm-diameter eggshell calcification is seen in a seminal 
vesicle. These calcifications are asymptomatic and likely 
related to inflammation.

Infertility and Transrectal 
Ultrasound

Infertility is defined as failure to achieve pregnancy after 
1 year of regular unprotected intercourse and affects 
about 15% of couples. Male factor is solely responsible 
in about 20% of couples and contributory in another 
30% to 40%.49 When present, male infertility is usually, 
but not always, detected by abnormal semen analysis. 

in addition to antimicrobial therapy.43-45 Cysts caused by 
parasites are rare in Western countries and can result 
from schistosomiasis (bilharziasis) or hydatid (echino-
coccal) disease.44,45

Cystic neoplasms are rare, but cystadenoma and cyst-
adenocarcinoma have been described.44,45

Seminal vesicle cysts are rare and usually solitary 
(Fig. 10-10, C). Most are asymptomatic. Affected 
patients may benefit from aspiration when cysts are large 
and symptomatic. They may be associated with ipsilat-
eral renal anomalies, including renal agenesis, because 
the seminal vesicles are derivatives of the wolffian (meso-
nephric) ducts, which also give rise to the ureter and vas 
deferens. Other associations include adult polycystic 
disease, hemivertebra, and ipsilateral absence of testis. 
Rarely, the seminal vesicles are involved by tumors, 
(metastatic, cystadenoma, papillary adenoma), abscesses, 
and amyloidosis.47,48

Other disorders that mimic prostate and seminal 
vesicle cysts include ectopic ureterocele, Cowper’s duct 
cysts (in urogenital diaphragm below apex of prostate), 

A

C LSV

SV SV
V

RSV

B

C

FIGURE 10-10. Infertility. A, Bilateral dilated seminal vesicles (SV) (>1.5 cm). This is presumptive evidence of mechanical obstruc-
tion to the ejaculatory ducts, which may be the cause of the infertility. The finding is not specific because this degree of enlargement can 
also be seen in normal, fertile men. B, Unilateral agenesis of left seminal vesicle and vas deferens (V). Only the right side is intact; 
RSV, right seminal vesicle; C, Unilateral right seminal vesicle cyst (C); transvesical scan; LSV, left seminal vesicle. This patient also had 
absence of the ipsilateral right kidney.
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There are no specific symptoms associated with ejacu-
latory duct obstruction, although the diagnosis is sug-
gested in infertile males with azoospermia or oligospermia 
who have low ejaculate volume, normal secondary sex 
characteristics and testes, pain during or after ejaculation 
or orgasm, or history of prostatitis. Suggestive imaging 
findings include midline cysts, dilated seminal vesicles 
(>1.5 cm) or ejaculatory ducts, and calcifications along 
the ducts.51,52 Kuligowska and Fenlon54 reported the rela-
tive frequency of TRUS findings in infertile men with 
low-volume azoospermia as normal appearance (25%); 
bilateral absence of vas deferens (34%); bilateral occlu-
sion of the vas deferens, seminal vesicles, and ejaculatory 
ducts by calcification or fibrosis (16%); unilateral absence 
of the vas deferens (11%); obstructing cysts of the 
seminal vesicles, vas ejaculatory ducts, or prostate (9%); 
and ductal obstruction due to calculi (4%). All these 
symptoms and findings are also seen in normal, fertile 
men but are more common in men with obstructive 
infertility52 (Fig. 10-10).

The treatment of suspected distal ejaculatory obstruc-
tion consists of TURED, used to unroof the ducts or 
drain obstructing cysts. Of men undergoing TURED, 
50% to 100% had improvement in symptoms and 20% 
to 30% achieved pregnancies.51,52

Absence of the vas deferens is a clinical diagnosis 
made by palpating the spermatic cord. This seems to 
occur in two groups of men: (1) those with mutation of 
at least one cystic fibrosis transmembrane regulator 
(CFTR) gene and (2) genetically normal men with con-
genital absence of the vas deferens. About 80% to 99% 
of adult men with cystic fibrosis have congenital bilateral 
absence of the vas deferens, presumed to occur prena-
tally. Interestingly, the prevalence is lower in children, 
suggesting that changes are acquired in some cases. 
Abnormalities of the vas deferens occur even with only 
one CFTR mutation in men who have no cystic fibrosis 
symptoms. Seminal vesicles may be present. Renal 
anomalies are uncommon in the CFTR group.55-57

In general, bilateral absence of vas deferens or seminal 
vesicle is more likely associated with cystic fibrosis and 
CFTR gene abnormality (60%-70%) and less likely to 
have renal agenesis or anomaly. In contrast, unilateral 
absence of the vas deferens or seminal vesicle is often 
(91%) associated with renal abnormalities, including 
agenesis. Remember that since the vas deferens, semi-
nal vesicle, and ureter develop from the mesonephric 
(wolffian) duct, anomalies may manifest in all the deriva-
tives of this duct.46,48,57

Hematospermia

Hematospermia is the macroscopic presence of blood in 
the semen. In most cases it is a benign, self-limiting 
condition and typically resolves spontaneously over a few 
weeks. The incidence is uncertain. Hematospermia 
causes significant anxiety among men, who fear cancer 

The AUA has defined “best practice” policies for inves-
tigating male infertility; both partners should be evalu-
ated simultaneously.49,50 The goals of male evaluation 
include the following:
1. Identification of potentially correctable conditions.
2. Identification of irreversible conditions for which 

alternative treatments (e.g., donor insemination) or 
adoption may be employed, preventing ineffective 
therapies.

3. Detection of health-threatening conditions 
underlying infertility.

4. Detection of genetic abnormalities (e.g., cystic 
fibrosis) that may affect the health of children if 
affected sperm are harvested or used for assisted 
reproductive techniques.
Male factors can be categorized as pretesticular, testicu-

lar, and posttesticular.49 Pretesticular factors include 
conditions such as faulty reproductive behavior and 
genetic abnormalities (e.g., CFTR gene, Y chromosome 
microdeletions). Testicular factors include congenital 
and acquired intrinsic disorders of spermatogenesis (e.g., 
infections, trauma, treated cryptorchidism) that, except 
for varicocele, are generally irreversible. Posttesticular 
causes of azoospermia (no sperm in ejaculate) and oligo-
spermia (low numbers of sperm in ejaculate) generally 
relate to obstructive issues, and are found in about 40% 
of infertile men, although only 1% to 5% have ejacula-
tory duct obstructions (EDOs), which are amenable to 
surgical therapies such as prostate cyst unroofing or trans-
urethral resection of ejaculatory ducts (TURED).49,51,52 
This excludes vasectomy reversal, which is successful in 
70% to 95% of patients, and pregnancy is achieved in 
30% to 70% of couples.49 In 100 consecutive azoosper-
mic men, the distribution of etiology of azoospermia was 
genetic abnormalities, 27%; diseases or external influence 
(orchitis, radiotherapy, infections, surgery, trauma), 
22%; corrected cryptorchidism, 27%; and unexplained, 
22%.53 Campbell-Walsh Urology50 lists frequency of causes 
as varicocele, 38%; idiopathic, 23%; obstruction, 13%; 
normal, 9%; cryptorchidism and testicular failure, 6%; 
and all other causes, about 10%. This illustrates the broad 
spectrum of disorders apart from ejaculatory duct obstruc-
tions that relate to azoospermia.

The role of TRUS and to a lesser extent MRI46 is 
to identify anatomically correctable ejaculatory duct 
obstructions and anomalies in men who are azoospermic 
or oligospermic and who have vas deferens by palpation 
(Fig. 10-10). Of interest, the presence or absence of vas 
deferens is diagnosed clinically by palpation of the sper-
matic cord and not through imaging.49,51,52 Vasography 
has been used to demonstrate obstruction, but this gen-
erally has been discontinued because of the risk of injury 
to the vas deferens. On occasion, TRUS can be used to 
inject seminal vesicles with ultrasound or x-ray contrast 
agents to demonstrate patency of the ejaculatory ducts 
and to retrieve sperm from the seminal vesicles for 
assisted reproduction.



Chapter 10 ■ The Prostate  407

the role of PSA. Prostate cancer is a difficult problem filled 
with uncertainties and dilemmas for men, their partners, 
and physicians. Prostate cancer is a significant health 
problem; it is a common cancer and a common cause of 
death from cancer. Effective treatments exist, but the 
therapies have significant quality of life–altering side 
effects. Unlike many other cancers, not every prostate 
cancer progresses inevitably to metastases and death. 
There is a large burden of indolent disease that would not 
benefit from radical therapy but that must be differenti-
ated from progressive disease. Prostate cancer mainly 
affects men over age 50 and thus competes with comor-
bidities as a cause of death. It has a long course, not 
uncommonly taking about 10 years from asymptomatic 
diagnosis to cause-specific death. This makes it difficult 
to determine if screening and treatment protocols are 
effective, since trials take more than 10 years, during 
which diagnostic and therapeutic changes could make 
study results irrelevant.62-65

To complicate matters further, no consensus has 
emerged for the optimal treatment of clinically local-
ized disease, which is the most common presentation 
(91% of cases) in the United States.66

Epidemiology

Prostate adenocarcinoma has become the most fre-
quently diagnosed cancer in men, two to three times 
more than lung and colorectal cancer. It is a disease seen 
primarily in men over age 50. After lung cancer, prostate 
cancer is the second leading cause of cancer deaths in 
men and in the United States, kills about 45,000 men 
each year. American men have an about one in six (17%) 
lifetime risk of developing prostate cancer and about a 1 
in 30 mortality risk. The risk is higher in African-Amer-
ican men and those with a family history of prostate 
cancer.67-70 It is the fourth most common male malig-
nancy worldwide. The rates are highest in Scandinavia 
and North America, especially in African Americans 
(272 per 100,000) and lowest in China (1.9 per 
100,000),12,50 but rates are increasing in those coun-
tries.71 The incidence and stage at diagnosis have been 

or sexually transmitted disease (STD). The differential 
diagnosis list is extensive, but most cases are iatrogenic 
(following interventions such as biopsy or cystoscopy), 
infectious, or inflammatory and can be effectively 
treated with minimal investigation and simple reassur-
ance. Malignant tumors (mainly prostate, but also testis 
and seminal vesicle) are an uncommon cause of hema-
tospermia and are found in only 3.5% of cases, predomi-
nantly in men over age 40 years. Common etiologies 
include the following58,59:
• Inflammation and infection (up to 39%)
• Ductal obstruction, cysts, calcifications in seminal 

ducts
• Iatrogenic/traumatic (prostate biopsy is now the 

most common cause)
• Systemic factors (hypertension, bleeding diathesis)
• Vascular abnormalities (varicosities, arteriovenous 

malformation)
• Idiopathic (about 15%)

The primary aim of investigation is to allay anxiety, 
because the great majority of hematospermia cases, espe-
cially in younger men, are highly unlikely to be associated 
with sinister pathology. In addition to history and physical 
examination, most patients initially undergo evaluation 
for STD, urinalysis, and urine culture. Men over age 40 
should also be assessed for malignancy, especially prostate 
cancer, even though this is an uncommon etiology.

Imaging may be helpful in unexplained or persistent 
cases. TRUS is readily available and has shown findings 
in 74% to 95% of men with persistent hematospermia. 
Findings include prostate calcifications, ejaculatory duct 
calculi, dilated ejaculatory ducts, BPH, dilated seminal 
vesicles, seminal vesicle calcifications, ejaculatory duct 
cysts, and prostatitis58-60 (see Figs. 10-8, E, and 10-10, 
A). Color Doppler ultrasound may be able to detect the 
rare vascular malformation. In practice, it can be difficult 
to establish that a TRUS finding is responsible for hema-
tospermia because similar findings are often seen in 
asymptomatic men. Fortunately, overall the findings 
represent benign conditions.

Endorectal coil MRI can also be helpful because it is 
able to detect sites of bleeding that are not apparent at 
ultrasound, especially bleeding into the seminal vesicles.61 
On occasion, cystoscopy and urethroscopy are needed.

Treatment beyond reassurance is not needed in most 
patients with hematospermia because the bleeding is 
slight and self-limited. Alternatively, therapy is directed 
to any discovered etiologies, including antimicrobial 
therapy, cyst unroofing or aspiration, and systemic 
therapy for hypertension and bleeding diathesis.58

PROSTATE CANCER

For optimal patient care, it is important for those using 
TRUS to evaluate prostate cancer to be aware of the dif-
ferent facets of screening, diagnosis, and management and 

PROSTATE CANCER: KEY FACTS

• Most common cancer diagnosed in men.
• The second leading cause of cancer deaths in 

men (after lung cancer).
• The fourth most common male malignancy 

worldwide.
• Many and varied treatments that are personalized 

to patient situation.
• Treatments are associated with quality-of-life 

issues.
• Many men have microscopic tumors that may 

not affect longevity.
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importance when PSA is followed serially, as in men 
under active surveillance or being followed up after 
therapy. PSA in these men should be done by laborato-
ries using the same standard.

The recommendations for using PSA to direct biopsy 
are changing, and currently there is no longer a general 
consensus. Previously, PSA level of 4 mg/mL or less 
(and more currently, <2.5 ng/mL) was believed to be 
“negative” and not needing biopsy; values over 10 ng/
mL are sufficiently high to recommend biopsy in every 
case and yield cancer at biopsy exceeding about 50%.84 
The 4 to 10–ng/mL window was problematic because 
about 35% to 44% of men in this range have cancer.85,86 
The remainder have benign causes for increased PSA 
(e.g., BPH) and often undergo unnecessary biopsy (low 
specificity). Additional tactics involving PSA density, 
PSA velocity, and age-specific PSA were developed for 
the 4 to 10–ng/mL group to avoid biopsy when the 
elevation was likely caused by benign conditions.

PSA Density

Production of PSA by benign prostate tissue (normal and 
hyperplastic) is generally less than production by cancer. 
If there is an excess PSA level above that predicted from 
gland volume measured by TRUS, the patient has an 
increased risk of cancer. PSA density (PSAd) is defined 
as PSA/volume (e.g., PSA 6.0 and gland volume 75 cc; 
PSAd = 6.0/75 = 0.08).75

Restricting biopsy in the PSA 4 to 10–ng/mL group 
to those with PSAd in excess of 0.12 to 0.15 will detect 
about 80% of those with cancer and avoid some biopsies. 
In the above example, the PSAd is 0.08, which is less 
than 0.12. This PSA level is consistent with the predic-
tion from gland volume, and thus biopsy could be 
avoided at present, with about 80% confidence that 
cancer is not present. However, 20% of cancers will be 
missed.8,79,81,87 PSAd has now also become a marker for 
prostate cancer aggressiveness to help determine if active 
surveillance is reasonable for men with low-risk, low-
volume cancer at biopsy.81

Transition zone (TZ) PSA density is calculated as 
PSA/TZ volume. It attempts to increase PSA specificity 
by accounting for the proportion of PSA manufactured 
by the TZ, which is the site of hyperplasia. Cutoff was 
estimated at 0.35 ng/mL/cc. This technique has not 
been reproducible mainly because of difficulties in mea-
suring TZ volume accurately.75 In our hands, total PSA 
is more accurate in cancer detection.

Age-Specific PSA

Prostate-specific antigen normally increases with age.75,82 
By using different threshold PSA levels at different ages, 
it may be possible to make PSA more sensitive in younger 
men and less sensitive in older men and avoid unneeded 
referral for biopsy.75,79,88 Suggested normal ranges are 0.0 

decreasing since the early 1990s, partly because of the 
introduction of PSA screening. Genetics and environ-
ment, including a fatty diet, appear to play roles in 
prostate cancer incidence.72 The risk doubles with a 
single affected relative and is even higher with multiple 
affected relatives.70 More than 95% of primary malig-
nant tumors of the prostate are adenocarcinomas. Rarely, 
a variety of other primary neoplasms involve the pros-
tate, including prostate transitional cell carcinoma,  
sarcomas, and lymphomas.50,73 The prostate can be 
secondarily affected by tumors of regional structures, 
including bladder and rectum.

Of men with localized untreated cancer, 9% to 68% 
die in less than 10 years, and the prognosis depends on 
tumor grade. Metastases precede death by about 3 years. 
Ten-year mortality with low-grade tumors (Gleason 2-4) 
is 9% to 13%; intermediate-grade tumors (Gleason 5-7), 
13% to 24%; and high-grade tumors (Gleason 8-10), 
44% to 66%. Impalpable (T1) and palpable (T2) tumors 
behave similarly.65

Prostate-Specific Antigen

Prostate-specific antigen has been a tremendous advance 
in the diagnosis and management of prostate cancer.74-77 
PSA is a normally occurring enzyme secreted by the 
epithelial cells of prostate ducts and functions to liquefy 
the ejaculate. The prostate is the main source of PSA, 
and only trace amounts are found in other tissues in men 
and women. Some PSA leaks into the serum, where it 
can be measured.78 Abnormal serum PSA levels result 
from excessive leakage or excessive production. Cancer 
is believed to produce on average 10 times as much PSA 
as a similar volume of benign tissue.75,79 In the serum, 
PSA is partly unbound (free) and partly bound to pro-
teins such as alpha-1-antitrypsin. The ratio of free to 
total PSA (percent free PSA) differs in benign and malig-
nant conditions. With cancer and chronic prostatitis, the 
ratio tends to be low.80

Prostate-specific antigen is probably best considered 
as a nonspecific test of prostate abnormality or irritation. 
Elevated levels occur with cancer but also variably with 
benign conditions, including BPH, inflammation, after 
ejaculation, prostate manipulation, biopsy, and cystos-
copy. Digital rectal examination and TRUS without 
biopsy generally do not elevate PSA significantly, but it 
is prudent to draw the blood before disturbing the pros-
tate. PSA levels can be artificially reduced by a factor of 
2 with antiandrogenic medications such as finasteride 
(Proscar) and dutasteride (Avodart). Unpredictably 
reduced levels are found with herbal medications such as 
saw palmetto and PC SPEC.74,75,78,81,82

At least two PSA standards are in use, the Hybritech 
and the World Health Organization (WHO 96/670). 
Their values differ by about 23%, and there is no way 
to interconvert. There is a slight diurnal variation. Inter-
subject variation is 14% to 16%.81,83 These issues are of 
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Remember also that not all cancers produce PSA, 
and that 20% to 40% of men with clinically signifi-
cant cancer will have normal PSA. Biopsy is indicated 
when there is an obvious suspicious nodule at palpation 
or ultrasound, even if PSA is normal.8,84 Although PSA 
and its variants remain the best serum test for prostate 
cancer detection, interventional guidance, and thera-
peutic monitoring,74 controversy surrounds “normal” 
values, test characteristics such as sensitivity and specific-
ity,92 and PSA’s value in screening for prostate cancer.93,94 
Previously, 4.0 and more currently 2.5 ng/mL was taken 
as the upper limit of normal, especially regarding the 
need for biopsy.76,81 Most “normal” men at any age have 
PSA less than about 1.5 ng/mL.82 Remember that PSA 
is not a dichotomous “yes/no” or “positive/negative” 
test, but rather provides a continuous index of risk for 
prostate cancer.74,76,95,96 There is no level below which 
cancer is not found, not even at levels less than 0.5 ng/
mL. Higher levels imply higher risk of cancer, especially 
aggressive cancer.92 A normal PSA should not prevent 
proceeding to biopsy if the DRE or ultrasound findings 
are suspicious for cancer.8,84

In 2009 the AUA published a new PSA “best practice” 
statement,74 taking into consideration the interim results 
of the ERSPC94 and PLCO93 screening studies (see 
Screening). AUA suggests obtaining a baseline PSA at 
age 40 (to suggest intensiveness of subsequent screening) 
and not to use a single threshold PSA value to prompt 
biopsy. Rather, biopsy decisions should take into account 
PSA, DRE, and additional factors such as age, family 
history, prior biopsy and comorbidities, free/total PSA, 
PSA velocity, and PSA density. In addition, men should 
be informed of the risks and benefits of cancer screening 
and the option of active surveillance versus immediate 
treatment.74 This guideline is difficult to use to direct 
biopsy because there is no specific cutoff or trigger point, 
and need for biopsy is left to the discretion of the patient 
and physician. Other groups have published different 
guidelines,87,93 and updated recommendations are 
pending.5

New serum and molecular genetic tests are being 
evaluated for their ability to detect and stage prostate 
cancer and may soon come into active clinical use.97 In 
previous years, serum acid phosphatase was used to 
detect prostate cancer. Acid phosphatase becomes abnor-
mal only when cancer has already metastasized. It is no 
longer used and has been totally replaced by PSA and 
imaging tests such as bone scan, CT, and MRI.

Screening

The purpose of screening is to detect clinically significant 
prostate cancer in asymptomatic men at an early stage, 
with the intention that curative therapy can be offered 
that will improve outcomes.4,68,69,76 The screening tools 
are PSA and digital rectal examination. Prostate cancer 
is asymptomatic in its early, curable stages. Symptoms 

to 2.5 ng/mL (40-49 yr), 0.0 to 3.5 ng/mL (50-59 yr), 
0.0 to 4.5 ng/mL (60-69 yr), and 0.0 to 6.5 ng/mL 
(70-79 yr).88

We have not found age-specific PSA useful. Although 
PSA does increase with age, the change related to age 
alone is very slight.82 Most of the increase with age is 
caused by the prostate enlargement with BPH found in 
older men. Therefore, age-specific PSA is really a sur-
rogate for prostate volume, which is better evaluated 
with TRUS. Also, the suggested age-specific values in the 
important 50 to 75 age group are about 4.0 ng/mL, 
which matches most current biopsy recommendations.

PSA Velocity

Over time, PSA levels in men with cancer usually rise 
more rapidly than in men with BPH. The rate of PSA 
rise over time is termed velocity. In the 4 to 10–ng/mL 
PSA group, if three PSA tests are done over 2 years and 
velocity exceeds 0.75 ng/mL/yr, this rapid change distin-
guishes men with cancer from those with BPH with a 
specificity of 90%.75,79,81,87,89 For men up to age 59 and 
for PSA less than 4 ng/mL, a lower PSA velocity thresh-
old of 0.4 ng/mL/yr could be used.74,90 Many centers do 
not wait for 2 years and offer biopsy if there is an unex-
plained rise in the 4 to 10–ng/mL group of greater than 
1 ng/mL between two tests less than 1 year apart.8,75,79,81,87 
Higher velocities are associated with increased cancer 
aggressiveness.81

Free/Total PSA Ratio

Prostate-specific antigen in the blood is partly free and 
partly bound to proteins, especially alpha-1-antitrypsin. 
The usual PSA measurement is the sum of free plus 
bound. For unexplained reasons, the free/total ratio 
tends to be high with benign conditions and low with 
cancer.8,75,79,81,87 In the 4 to 10–ng/mL PSA range, using 
a free/total ratio of less than 20% detects about 95% of 
cancers and decreases the number of biopsies by about 
30%. However, 5% of clinically significant cancers will 
be missed. An exact cutoff ratio has not yet been gener-
ally accepted.76

Current PSA Standards

All the previous techniques using PSA derivatives can 
decrease the number of biopsies, but at the cost of 
missing clinically significant cancer. In practice, it is 
unusual to see PSA greater than 1.5 ng/mL in a healthy 
man of any age.82 Many physicians avoid these temporiz-
ing tactics and recommend biopsy in any man with 
unexplained PSA greater than 4 ng/mL and more 
recently for any man with PSA greater than 2.5 ng/
mL.81,91 The PSA techniques described can be used to 
guide the urgency of repeat biopsy if the initial biopsy is 
negative.
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in the rest of Austria.99 However, the 2009 interim 
results of two large screening studies (ERSPC and 
PLCO) had conflicting results.101

The European Randomized Study of Screening for 
Prostate Cancer (ERSPC) reported 9-year results.94 The 
study recruited 162,387 men age 55 to 69, half of whom 
were screened using PSA over an average of 4 years, with 
biopsy recommended for PSA greater than 3 ng/mL. 
Treatment protocols were not mandated. Cancer inci-
dence in the screened vs. control patients was 8.2/4.8%. 
Screening resulted in 20% reduction of prostate cancer–
specific mortality (including mortality related to therapy). 
There was risk of overdiagnosis and overtreatment. The 
detection of cancers in men who would not have symp-
toms in their lifetime was estimated at about 50%. They 
estimated 1410 men would need to be screened and 48 
additional cases of cancer treated to prevent one prostate 
cancer death. These proportions are similar to those seen 
in breast and colon screening programs.4 Unresolved 
issues included cost/benefit analysis, continuing improve-
ments in cancer therapy, and quality of life issues related 
to investigation and treatment.94

The American Prostate, Lung, Colorectal, and Ovarian 
(PLCO) Cancer Screening Trial reported up to 10-year 
results.93 The study recruited 76,693 men age 55 to 74, 
half of whom were screened with annual DRE and PSA 
(>4 ng/mL considered positive). At 7 years, prostate 
cancer detection for screened/control patients was 
116/95, giving a significant cancer detection ratio of 
1.22. However, the cancer-specific mortality of 2.0/1.7 
(ratio 1.13) per 10,000 person-years was not statistically 
significant, suggesting that screening did not provide 
survival advantage. Problems with the PLCO study 
included (1) before recruitment, about 45% of men had 
already been prescreened with PSA or DRE (i.e., many 
patients with cancer were removed from the study), and 
(2) about 52% of the control group was “contaminated” 
by having PSA testing outside the study.93 In effect there 
was no true control group.

The key question remains not whether PSA screening 
is effective in cancer detection (it is), but rather whether 
PSA screening overall does more good than harm.101 
Because of this, the risks and benefits of screening and 
treatment should be discussed with the patient before 
offering PSA screening, and the decision to proceed is 
personal and should be made by the patient.4,5,76

Staging and Histologic Grading

Tumor stage and histologic grade are important charac-
teristics of prostate cancer to help determine treatment 
needs and options and provide prognosis.65 Staging, or 
estimation of tumor spread, is done using the American 
Joint Committee on Cancer (AJCC) tumor-node-metas-
tasis (TNM) classification, which has international uni-
formity and ability to integrate clinical, imaging, and 
pathologic staging information.102-105 The 2010 edition 

arise when the disease has spread beyond the prostate 
and has become incurable. In the pre-PSA era, most 
cancers at initial presentation had already extended 
beyond the prostate (stage T3 or T4), and only palliative 
care was possible. The advent of PSA screening has 
resulted in stage “migration,” meaning that most pros-
tate cancer is now being detected at an earlier stage (T1 
and T2), when curative therapy is still an option.12,50,68,98

However, controversy surrounds prostate cancer 
screening.68,98 Prostate cancer is unquestionably a clini-
cally important condition for which therapies can avert 
symptomatic disease and death.4,99 However, clinically 
unimportant microfocal cancer is common, and up to 
about 30% of men dying from other causes at age 50 
have incidental microscopic cancer.69 Concerns have 
been raised that screening programs and systematic 
biopsy protocols will pick up many of these insignificant 
cancers. This is unlikely, however, especially in younger 
men, and many detected cancers are likely to cause mor-
bidity and shorten life span. About 16 of every 100 cases 
of prostate cancer detected through screening would be 
fatal if left untreated.50,64

Prostate cancer is seen in men over 50 years of age and 
on average takes about 10 years to cause death. At these 
ages, there are many competing causes for mortality. 
Therefore, most recommendations suggest annual 
screening with DRE and PSA between ages 50 to 75 
years, and also suggest that screening be performed only 
in reasonably healthy men who have an expected life 
span of 10 years. Further, screening should be performed 
only after discussion about benefits and limitations of 
screening and consequences of diagnostic procedures 
and therapy.4,5,64,76,93 Men at high risk (African Ameri-
cans and those with several close relatives with prostate 
cancer) should consider starting screening at age 40 to 
45 years. Ending screening at age 75 years acknowledges 
that the average longevity at age 75 is 10.8 years, so 
detection and treatment of prostate cancer after that age 
is less likely to provide health benefits or longevity.5 
Additional variables that increase the likelihood of cancer 
should be considered before screening (e.g., age, ethnic-
ity, family history, urinary symptoms, PSA, free/total 
PSA ratio, PSA and DRE, prior negative biopsy). Many 
nomograms that include these factors are available to 
help individualize cancer risk before biopsy. These can 
be found by searching on the Internet under prostate 
cancer risk calculator.96,100

To date, the health and mortality benefits of prostate 
cancer screening in the general population have not been 
unequivocally established with large, randomized trials. 
Case studies suggest screening combined with appropri-
ate treatments can improve outcomes. A highly dedi-
cated regional program in Austria using aggressive 
screening with PSA and its derivatives, sophisticated 
TRUS and biopsy protocols, and focused, dedicated 
treatment programs (mainly radical prostatectomy) 
decreased prostate cancer mortality by 59%, versus 29% 
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of the AJCC Staging Manual incorporates Gleason 
score and PSA into staging. Previously, the Jewett and 
Whitmore classification was used86,106 (Fig. 10-11 and 
Table 10-1).

Stage T1 (formerly A) tumors are not palpable clini-
cally because they are small, soft, or located in an anterior 
part of the gland that cannot be reached by palpation. 
This stage was initially used to describe cancers detected 
microscopically in chips obtained at TURP. More 
recently, an additional T1c stage was introduced to 
describe tumors that are impalpable and not visible at 
TRUS but are found at needle biopsy. An estimated 
85% or more of T1c cancers are clinically significant and 
likely to benefit from treatment.75,85,107

Stages T2 (formerly B) tumors are palpable as a 
nodule by DRE and represent cancer confined within 
the prostate, typically in the peripheral zone. Stage T3 
(formerly C) tumors have local extension outside con-
fines of the prostate into the periprostatic soft tissues 
(T3a) or seminal vesicles (T3b). Stage T4 (formerly D) 
tumor is fixed or invades adjacent structures other than 
seminal vesicles, including the bladder neck, external 
sphincter, rectum, levator muscles, and pelvic wall.

With TNM staging the local tumor T stage is modi-
fied with N (node status) and M (non–lymph node 
distant metastasis).104,105 Patients with clinical stages T1 
to T3 have no evidence of metastatic disease at other 
imaging techniques (e.g., TRUS, MRI, isotope bone 
scan, PET). Unfortunately, these other modalities show 
wide variability in accuracy of local staging, ranging from 
50% to 92%.1,103,108,109 Most clinicians use their clinical 
acumen or refer to staging calculators on the Internet, 
such as those by Kattan (www.nomograms.org), to 
estimate extracapsular or metastatic spread and assign 

T2 (former B)
– palpable
– contained

T3 (former C)
– local extension
 capsule or SV

T4 (former D)
– metatastic

T1 (former A)
– not palpable

FIGURE 10-11. Contemporary prostate cancer staging using 
the tumor-nodes-metastasis- (TNM) classification.

TABLE 10-1. AMERICAN JOINT 
COMMITTEE ON CANCER (AJCC) 
STAGING OF PROSTATE CANCER

STAGE DESCRIPTION

Primary Tumor (T)
Clinical

TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
T1 Clinically inapparent tumor neither palpable nor 

visible by imaging
T1a Tumor incidental histologic finding in 5% or less of 

tissue resected
T1b Tumor incidental histologic finding in more than 5% 

of tissue resected
T1c Tumor identified by needle biopsy (e.g., because of 

elevated PSA)
T2 Tumor confined within prostate*
T2a Tumor involves one-half of one lobe or less
T2b Tumor involves more than one-half of one lobe but 

not both lobes
T2c Tumor involves both lobes
T3 Tumor extends through the prostate capsule†
T3a Extracapsular extension (unilateral or bilateral)
T3b Tumor invades seminal vesicle(s)
T4 Tumor is fixed or invades adjacent structures other 

than seminal vesicles such as external sphincter 
rectum, bladder, levator muscles, and/or pelvic wall

Pathologic (pT)‡
pT2 Organ confined
pT2a Unilateral, one-half of one side or less
pT2b Unilateral, involving more than one-half of side but 

not both sides
pT2c Bilateral disease
pT3 Extraprostatic extension
pT3a Extraprostatic extension or microscopic invasion of 

bladder neck§
pT3b Seminal vesicle invasion
pT4 Invasion of rectum, levator muscles, and/or pelvic wall

Regional Lymph Nodes (N)
Clinical

NX Regional lymph nodes were not assessed
N0 No regional lymph node metastasis
N1 Metastasis in regional lymph nodes(s)

Pathologic
pNX Regional nodes not sampled
pN0 No positive regional nodes
pN1 Metastasis in regional node(s)

Distant Metastasis (M)¶
M0 No distant metastasis
M1 Distant metastasis
M1a Nonregional lymph node(s)
M1b Bone(s)
M1c Other sites with or without bone disease

*Tumor found in one or both lobes by needle biopsy, but not palpable or reliably 
visible by imaging, is classified as T1c.

†Invasion into the prostatic apex or into (but not beyond) the prostatic capsule 
classified not as T3 but as T2.

‡There is no pathologic T1 classification.
§Positive surgical margin should be indicated by an R1 descriptor (residual 

microscopic disease).
¶When more than one site of metastasis is present, the most advanced category 

is used. pM1c is most advanced
From Edge SB, Byrd DR, Greene FL, et al. AJCC Cancer Staging Manual. 7th 

ed. New York: Springer-Verlag; 2010.

http://www.nomograms.org
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about 15%. An attempt is made to avoid injury to the 
neurovascular bundle, if safe for cancer control, to avoid 
erectile and continence problems (nerve-sparing prosta-
tectomy). In skilled hands, continence is about 90% and 
erectile function is preserved in 50% to 90%, depending 
on patient age. Alternatives to the classic open retropubic 
prostatectomy are laparoscopic surgery and robotic 
surgery, which have similar outcomes in experienced 
hands, although postoperative recovery is faster.50,66

The two approaches for radiotherapy are external 
beam and implanted radioactive seeds (brachytherapy). 
Conformal escalated-dose external beam radiotherapy 
uses image guidance, usually computed tomography 
(CT), to confine/conform the beam tightly to the  
prostate. This allows increasing/escalating target dose 
while minimizing collateral damage to adjacent organs. 
Usually, fiducial (reference) markers are inserted into the 
prostate under TRUS guidance to improve planning and 
to facilitate targeting. Five-year freedom from biochemi-
cal recurrence (no PSA rise) is 70% to 85%. Erectile 
function is preserved in about 50% and continence in 
80% of patients.50,62

Brachytherapy involves intraoperative placement of 
radioactive seeds, usually iodine-125, into the prostate 
using TRUS guidance and a perineal template. Direct 
radioactive seed placement into the prostate allows 
higher local radiation doses. The technique is restricted 
to low-risk patients with PSA less than 10 ng/mL, 
Gleason score of 6 or less, and gland volume less than 
50 cc/mL. Erectile function is preserved in about 50% 
and continence in about 80% of patients, although 
urinary stricture and bowel irritation are common.50,62

Efficacy has not been firmly established for the follow-
ing emerging techniques71,118:
• Cryotherapy. Cryoprobes are inserted under 

ultrasound control to kill tissue by freezing. The “ice 
ball” development can be monitored with ultrasound.

• High-intensity focused ultrasound (HIFU) heats 
and destroys tissue. Therapy is monitored by 
transrectal ultrasound and more recently by MRI.

• Radiofrequency thermal ablation. Radiofrequency 
probes are inserted under transrectal ultrasound 
control to heat the prostate. The heating may be 
monitored by MRI.

• Photodynamic therapy. Photosensitive agents are 
injected intravenously. The agents are activated  
by laser probes inserted into the prostate under 
ultrasound guidance, and the resulting activation 
creates reactive chemical radicals that destroy tissue 
within the illuminated area.
These techniques can be globally applied to the pros-

tate, but now they are also considered for focal therapy 
of prostate tumors. Focal therapy is an attempt to avoid 
overtreatment and decrease side effects when treating 
men with low-volume, low-risk disease. In 13% to 38% 
of men, prostate cancer is essentially unifocal, and in 
men with multifocal disease, it is felt that the dominant 

prognosis.110-112 Additional pretreatment imaging to 
detect distant metastases using radionuclide bone scan, 
CT, or MRI is recommended for cancers with high PSA 
(>10-20 ng/mL), or with aggressive histology (Gleason 
score >6 or >7), or with clinical suspicion of extracapsu-
lar disease on palpation.1,109

In addition to clinical staging, histologic grading is 
done using the Gleason scoring system, which analyzes 
the microscopic appearance of glandular differentiation 
and histologic aggressiveness, grade 1 being well differ-
entiated and grade 5, poorly differentiated. Most tumors 
are not histologically uniform and show different Gleason 
grades in different parts. Gleason score is assigned by 
determining the most dominant and the second most 
dominant grade, then adding the two to obtain a Gleason 
score between 2 and 10.113-115 Scores of 1 to 6 are con-
sidered well differentiated; 7, moderately differentiated; 
and 8 to 10, poorly differentiated. Prognosis is worse 
with higher scores.

Therapy

Once cancer is discovered, determined to be clinically 
significant, and judged treatable for cure, many treat-
ment options are available, depending on grade, stage, 
and patient choices. To date, there is no consensus 
regarding optimal treatment for the most common, 
clinically localized cancer.50 Treatment options include 
established therapies such as radical prostatectomy and 
radiotherapy (both escalated-dose conformal external 
beam radiotherapy and brachytherapy) as well as newer 
emerging but as yet unproven techniques, including 
active surveillance, cryotherapy, and focal therapies such 
as high-intensity focused ultrasound, radiofrequency 
ablation, photodynamic therapy, and highly focused 
external beam radiation and “boost” brachytherapy. 
Men with advanced disease can undergo watchful waiting 
(watching the patient and postponing treatment until 
symptoms occur) or palliative therapy.12,50,66

Cancer control by the established surgical and radia-
tion therapies in men with organ-confined disease 
exceeds 90% at 10 years in low-risk patients but falls 
rapidly with higher grade and more extensive disease.50 
All the treatments have side effects of varying degrees 
that can significantly affect quality of life, including 
incontinence, erectile dysfunction, and urethral stric-
tures, besides the usual surgical concerns. Patients may 
select a specific treatment depending on local expertise 
and the expected complications. High cure rates and 
long-term survival have made quality of life an important 
issue when considering treatment.50,62,63,66,116

Radical prostatectomy is the “gold standard” of 
therapy and has a disease-free survival advantage over 
expectant management.117 Cure rates in men with low-
grade cancer exceed 90% but decrease with advanced 
grades and stages. For example, when nodes are involved 
at radical prostatectomy, 10-year survival falls to  
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nodule is important and needs treatment, not the sec-
ondary foci. New techniques are being developed to 
better define the primary lesion, including systematic 
TRUS-mapping biopsy and MRI using enhanced tumor-
defining techniques such as MR spectroscopy.71

Two new treatment strategies, watchful waiting and 
active surveillance, are evolving to delay invasive therapy 
and avoid side effects and possible overtreatment. These 
approaches are for men who may not tolerate treatment 
and for men with low volume, possibly clinically insig-
nificant disease. “Clinically insignificant disease” has 
been defined by Epstein et al.119 on needle biopsy to 
mean limited cancer (no core >50% involved, all cores 
less than Gleason 7, fewer than three positive cores) and 
PSA density less than 0.15.119

Watchful waiting is used in men who have asymp-
tomatic cancer but are unlikely to benefit from therapy 
because of comorbid conditions. They are monitored 
until they become symptomatic and then receive pallia-
tive care, usually with hormones.50

Active surveillance (active monitoring with curative 
intent) is an increasingly popular “PSA era phenome-
non” that is almost unique to prostate cancer. It recog-
nizes that many men with low-risk cancer will never 
suffer from the cancer and will die from other causes. 
After initial diagnosis of low-risk disease, they are actively 
monitored with PSA, DRE, TRUS, and repeat biopsy 
to detect signs of progression before undergoing therapy. 
Strict criteria are used to define suitable low-risk patients 
(PSA <10 ng/mL, Gleason ≤6), stage T1c or T2a, <50% 
of length of any biopsy core, <3 biopsy cores). These 
men are regularly monitored with DRE, PSA, and repeat 
biopsies. Significant progression that requires treat-
ment is defined by a rapid rise in PSA (doubling time 
<2 years) and increase in tumor grade. With this approach 
in one series after 7 years, 55% of men continued being 
monitored, 45% needed therapy, actuarial survival was 
84%, and disease-specific survival was 99%.50,120-122

Role of Transrectal Ultrasound

Unlike originally thought, TRUS has not been pivotal 
in men suspected to have cancer (e.g., screening, detec-
tion, biopsy guidance, staging, therapy guidance, moni-
toring response to treatment). Experience has shown that 
all imaging modalities, including TRUS, CT, and MRI, 
have strengths and limitations in investigating patients.1,123

Currently, TRUS has three main roles with prostate 
cancer: (1) to guide biopsy, (2) to guide therapy, (3) to 
measure volume. Therapy guidance includes brachy-
therapy, insertion of fiducial (reference) markers to guide 
escalated-dose external beam radiotherapy, brachyther-
apy, cryotherapy, thermotherapy, radiofrequency abla-
tion, and HIFU.1 Accurate prostate volume measurements 
are important to determine suitability for brachytherapy 
and for calculating PSA density, used for staging, moni-
toring, and following patients under active surveillance.

ROLE OF PROSTATE-SPECIFIC 
ANTIGEN (PSA)

• Combination of digital rectal examination (DRE) 
and PSA level constitute the standard of care for 
identification of prostate cancer.

• PSA level is associated directly with the tumor 
burden of prostate cancer.

• Not all cancers produce PSA.
• From 20% to 40% of men with clinically 

significant cancer will have a normal PSA level.
• PSA may be elevated by nonmalignant conditions
• PSA variants are used to improve accuracy

• PSA density
• Age-specific PSA
• Transition zone PSA density
• PSA velocity
• Free/total PSA ratio

TRANSRECTAL ULTRASOUND (TRUS) 
AND PROSTATE CANCER

• At present, TRUS has three main roles related to 
prostate cancer:
Guide biopsy
Guide therapy
Measure volume

• TRUS is not the primary technique for 
identification of prostate cancer

• From 50% to 70% of prostate cancer is visible at 
TRUS

• The classic appearance is that of a hypoechoic 
nodule in the peripheral zone

• Only about 50% of peripheral zone hypoechoic 
areas are cancer

Screening is best done with DRE and PSA. Although 
TRUS is likely as sensitive as or even more sensitive than 
either DRE or PSA, it is too subjective, intrusive, and 
expensive to be used for screening. The added value of 
TRUS over PSA + DRE for cancer detection at screening 
is about 5%.124 For cancer diagnosis, biopsy is needed, 
and this is best done with TRUS guidance. The number 
of laboratories using TRUS to calculate volume and PSA 
density to avoid biopsy has been decreasing, but PSAd is 
being revived to help with active surveillance decisions.

Transrectal ultrasound is not being generally used for 
staging to detect extracapsular disease. TRUS is moder-
ately accurate for staging but generally is not as accurate 
as CT and MRI. All these techniques can image macro-
scopic extension and seminal vesicle involvement, but 
none can consistently detect microscopic extension and 
lymph node involvement. As a result, many physicians 
rely on their clinical acumen or use multifactorial staging 
nomograms (e.g., Kattan, Partin), which make use of 
DRE, PSA, Gleason score, and other variables.110,112 
However, some physicians have found meticulous TRUS 
more accurate than DRE and tables125 (Fig. 10-12).
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that grow by infiltration or have a strongly glandular 
structure will preserve tissue interfaces and echogenicity 
and thus appear “isoechoic.”28

When attempting to correlate the echogenicity of neo-
plasms with the amount of stromal fibrosis, it was found 
that hypoechoic lesions had less stromal fibrosis than did 
their more echogenic counterparts. Also, hypoechoic 
lesions tended to have more aggressive appearances than 
isoechoic lesions.129 Further research suggests that echo-
genicity varies with the presence of tumor glands with 
enlarged lumina, as well as residual prostatic glands and 
stroma.130

Hyperechoic cancer has been described but occurs 
infrequently. With large cancers, the appearance may be 
caused by a desmoplastic response of the surrounding 
glandular tissue to the presence of the tumor or to infil-
tration of neoplasm into a BPH background with pre-
existing degenerative calcifications.131,132 Uncommon 
histologic types of cancer, including the cribriform 
pattern and comedonecrosis with focal calcifications, can 
be echogenic. The calcifications associated with come-
donecrosis are tiny and act as crystals by being highly 
echogenic, more so than dystrophic calcifications. On 
scanning they are conspicuous and appear to twinkle, 
giving a “starry sky” appearance133 (Fig. 10-15, C). A few 
extensive cancers have a hyperechoic appearance, prob-
ably as a result of the infiltration of the neoplasm into a 
background of BPH. Biopsy of hyperechoic lesions with 
sonographic guidance is the only way to prove that the 
lesion seen represents a neoplasm.

A significant number of prostate cancers, about 30%, 
are difficult or impossible to detect with TRUS because 
they are isoechoic and do not contrast with the sur-
rounding prostate gland (Figs. 10-14, C, and 10-15, A). 
When present, an isoechoic tumor can be detected only 
if secondary signs are appreciated, including glandular 
asymmetry, capsular bulging, and areas of attenuation.133 
This is often true of transition zone cancer (Figs. 10-14, 
E, and 10-15, D).

Currently, monitoring of therapy is better done with 
PSA, which is an easier and more objective indicator of 
total tumor burden and neoplastic activity than TRUS. 
However, TRUS is superb in guiding biopsy and helping 
to guide therapy, and these functions have become  
its main application in men with suspected prostate 
cancer.

Sonographic Appearance

Gray-Scale Ultrasound

Overall, 50% to 70% of prostate cancers are visible at 
TRUS. The classic appearance is that of a hypoechoic 
nodule in the peripheral zone that cannot be attributed 
to benign causes typically located in the peripheral zone 
and abutting the capsule28,126-128 (Figs. 10-13, 10-14, and 
10-15). The sensitivity of this finding is similar to cancer 
detection by DRE, PSA, and MRI. CT cannot detect 
cancer until there is gross glandular distortion by exten-
sive tumor growth.

The corollary to this is that 30% to 50% of cancers 
are not visible at TRUS (Figs. 10-14, C, and 10-15, A 
and B). Normal appearances at TRUS do not imply the 
absence of cancer and should not delay systematic biopsy 
if there is clinical suspicion of cancer. Patients clinically 
suspected to have prostate cancer should not be referred 
only for TRUS but rather for TRUS and biopsy.

The sonographic appearance of prostate cancer has 
been debated extensively. Early investigators incorrectly 
thought that most prostate cancers were hyperechoic. In 
1985, Lee et al.126 first convincingly demonstrated the 
hypoechoic appearance of cancer. Others subsequently 
confirmed that a significant portion of peripheral zone 
cancers are hypoechoic to some extent28,123,127,129 (see 
Figs. 10-13 to 10-15). The pathologic basis of this is the 
replacement of normal loose glandular tissue by a packed 
mass of tumor cells with fewer reflecting interfaces and 
thus fewer echoes and hypoechoic appearance. Tumors 
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FIGURE 10-12. Staging of extensive prostate cancer. TRUS is about as accurate as CT and MRI for determining the 
presence of extracapsular extension. A, Stage T3A cancer (T) has extended outside the prostate at the neurovascular bundle (arrows). Note 
how difficult it is to differentiate tumor extension from the normal irregularity caused by the neurovascular bundle. B, Stage T3C (para-
sagittal view) cancer (T) extending (arrows) into the seminal vesicles (SV) above the prostate.
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An especially difficult cancer to detect is the anterior 
midline tumor that lies in the fibromuscular area ante-
rior to the urethra, because it is far from the probe and 
obstructed by the urethra. Anterior midline tumors are 
also difficult to biopsy. Typically, systematic transition 
zone biopsy will miss them because of their far anterior 
location and the deliberate avoidance of the urethra 
during biopsy. Anterior midline cancers can become very 
large before being detected. Just remembering to look in 
this area at TRUS examination and using MRI are 
helpful in detection of these anterior tumors.137

Color and Power Doppler Imaging

Doppler imaging has been evaluated for detection of 
neovascularity associated with cancer. This approach is 
especially attractive in the attempt to find isoechoic 
cancer because pathologic examinations show cancers to 
have increased microvessel density136,138 (Fig. 10-14, B 
and D). Both color Doppler flow imaging and the three 
to five times more sensitive power Doppler have been 
used, but these appear to have similar sensitivity.137 The 

When the tumor replaces the entire peripheral zone, 
it often is less echogenic than the inner gland, which is 
a reversal of the normal sonographic relation. When the 
entire gland is replaced with tumor, on a BPH back-
ground, the gland may be diffusely inhomogeneous (Fig. 
10-15, B).

Only about 50% of hypoechoic areas are cancer.135 
Other benign causes of hypoechoic areas seen in the 
prostate include normal internal sphincter muscle, 
hyperplasia, prostatitis, cysts, hematoma, vessels, benign 
glandular ectasia, and cysts.28

Fortunately, 70% of prostate cancers arise in the 
homogeneous peripheral zone, which also has a fairly 
homogeneous ultrasound texture against which cancer  
is easier to detect. About 20% are in the transition 
zone,14,136 where prostate cancers are very difficult to find 
against the heterogeneous and variably vascular back-
ground of hyperplasia.27 Clues to transition zone cancer 
are the identification of a poorly marginated hypoechoic 
area that appears different from other BPH nodules and 
the focal loss of surgical capsule. On occasion, tumors 
asymmetrically bulge the capsule.108
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FIGURE 10-13. Prostate cancer: typical appearances. A, Hypoechoic nodule in peripheral zone along the capsule which 
cannot be attributed to benign causes (arrow). B, Giant pathology section of A shows the homogeneous solid cellular mass of tumor tissue 
(arrow), which reflects sound poorly compared with the adjacent prostate, which has the multiple glandular interfaces. C, Typical 
hypoechoic peripheral zone cancer nodule (T). Note also the well-circumscribed hypoechoic BPH nodule in the right transition zone 
(arrow). D, Giant section of C for correlation shows the homogeneous tumor mass (T). There is a second small lesion on the right side 
(thick arrow). Also note the right and left BPH nodules correlating with the TRUS image (arrows).
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There is no increased benefit for color flow Doppler in 
the transition zone because BPH nodules can range from 
hypovascular to hypervascular.

Doppler appears to be sensitive to patient position. 
One group has shown that the dependent side of the 
prostate appears more vascular than the upper side  

results have shown only a 5% to 17% increase in cancer 
detection over gray-scale imaging.9,136,138 Suspicious 
hypoechoic nodules that are also vascular tend to have 
larger tumor volume and higher Gleason score at 
biopsy.136,139 Vascularity may be increased with nonma-
lignant conditions such as inflammation (Fig. 10-9, B). 
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FIGURE 10-14. Prostate cancer: less common appearances. A, Small hypoechoic lesion entirely inside the peripheral 
zone (arrow) proved to be cancer. Digital rectal examination (DRE) was negative but PSA slightly elevated. B, Power Doppler scan of A 
shows increased vascularity (arrow) in region of the nodule. C, Small “tip of the iceberg” lesion visible posteriorly in the right lobe (T). 
Cancer is filling virtually the entire right lobe (white and black arrows). Most of this tumor is isoechoic and thus not visible on gray-scale 
imaging. Remember that prostate cancer is typically multifocal and larger than the lesion seen at TRUS. D, Power Doppler scan shows 
large abnormal area of hypervascularity involving not only the small peripheral hypoechoic lesion, but also most of the transition zone 
(arrows); PSA, 265 ng/mL; Gleason score, 7/10. E, Multifocal cancer involving both right and left lobes: one hypoechoic, the other 
isoechoic. DRE was negative; PSA, 4.5 ng/mL with a 14% free/total ratio. In the left lobe there is a suspicious area anteriorly (arrow). 
The right lobe appears very normal and free of lesions. At biopsy, both lobes had Gleason 6/10 cancer.
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neovascularity to the uninitiated operator. Prostate cal-
cifications and corpora amylacea cause considerable 
Doppler artifact and may prevent diagnostic studies (see 
Fig. 10-6, D).

Contrast-Enhanced Ultrasound

Investigations are underway using microbubble contrast-
enhanced ultrasound. Unlike conventional Doppler 
imaging, vascular contrast enhancement with microbub-
bles allows detection of microvessels.135 Both vascular 
density and time to peak enhancement have been used. 
There are increases in tumor detection and possibly 

and has recommended that the examination be per-
formed in the supine position.25 Our experience is the 
opposite, with the upper side generally appearing more 
vascular. Also, we prefer to use the power Doppler mode, 
which is more sensitive to flow detection, gives a more 
uniform display of vascular density, and produces images 
that are more stable with different equipment settings 
(see Fig. 10-5).

There are pitfalls with Doppler imaging. Not all 
cancers are vascular. The absence of vascularity should 
not prevent biopsy of an otherwise suspicious nodule139 
(Fig. 10-15, B). The capsule of the prostate is very vas-
cular, especially at the base and apex, and can mimic 
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FIGURE 10-15. Prostate cancer: other appearances. A, Almost isoechoic, impalpable nonvascular cancer. DRE was normal; 
PSA, 6.08 ng/mL with 12% free/total ratio. TRUS is only mildly suspicious for cancer at left (arrow). Biopsy showed isoechoic ultrasoni-
cally undetectable, Gleason 7/10 cancer in the right side involving 25% of the tissue. On the left, where there is a visible lesion (arrow), 
the biopsy was only 15% cancer. This highlights the need to do both systematic and targeted biopsy. B, Power Doppler shows almost no 
detectable signal despite extensive bilateral cancer. Only about 80% of cancers demonstrate increased vascularity. The strong Doppler 
color signal anteriorly is all artifactual (A), from calcification. C, Extensive cancer with “starry sky” appearance caused by comedonecrosis 
in the tumor. The malignant nodule extends across the peripheral zone from right to left (between cursors). On the right, the calcified 
clumps are normal corpora amylacea (arrowhead). On the left, the densities have a different character: small, more scattered, round, and 
very echogenic, and will “twinkle” on probe movement (arrows). These are highly suggestive of comedonecrosis in tumor. D, Isolated 
transition zone cancer visible as an amorphous hypoechoic bulge of the right anterior transition zone (arrows). DRE was negative. Biopsy 
to investigate PSA of 12.0 ng/mL showed Gleason 6/10 cancer. E, Typical hypoechoic peripheral zone lesion. Biopsy showed Gleason 
8/10 cancer (arrow). F, Power Doppler scan shows enhanced vascularity in lesion (arrow). G, Elastography of same lesion (arrow) in F 
shows blue color in lesion, implying stiff tissue.
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are being developed to avoid variations seen with manual 
compression.

Summary

Careful TRUS to detect hypoechoic nodules and guid-
ance of biopsy remains the cornerstone of cancer diag-
nosis with ultrasound.1,84,145 Additional enhancements 
are being researched and show promise, but to date they 
significantly increase complexity and scan time and have 
provided only limited improvements in cancer detection 
over careful gray-scale examination.84,145 At present in 
complex cases, such as those with multiple negative 
extensive biopsies but rising PSA, additional informa-
tion may be more readily obtained using endorectal coil 
MRI and processing enhancements.1 The only issue that 
generally remains is the use of TRUS to biopsy lesions 
found by MRI alone. These issues are being resolved by 
TRUS/MRI co-registration/fusion techniques and MRI-
guided biopsy.

Staging to determine local extracapsular extension into 
periprostatic tissues or seminal vesicles remains imperfect 
with all modalities, including DRE, TRUS, CT, and 
MRI. Findings on TRUS that are suspicious for extra-
capsular extension include capsular bulging, distortion, 
angulated appearance of the lateral margin,108,147 and also 
a hypoechoic nodule with length greater than 23 mm and 
base on the capsule148 (see Figs. 10-7, A, and 10-12, B). 
Signs of seminal vesicle invasion are a posterior bulge at 
the base of the vesicle or asymmetry in seminal vesicle 
echogenicity, especially when associated with hypoechoic 
areas at the base. These findings are very subjective, and 
the positive predictive value is about 50% to 63%. In 
general, although extension can be suspected in some 
cases, the findings are not sufficiently reliable to consis-
tently guide patient management. An advantage of TRUS 
is that staging biopsy can be performed to confirm extra-
capsular extension or seminal vesicle invasion. MRI also 
has variable accuracy, 54% to 93%. MRI seems to be 
most effective at excluding seminal vesicle invasion, with 
sensitivity of 23% to 80% but high specificity of 81% to 
99%.1 Again, because of wide variations in reported 
results, many clinicians, when staging prostate cancer, 
continue to rely on their clinical acumen or refer to 
nomograms (e.g., Partin, Kattan).110,112

ULTRASOUND-GUIDED BIOPSY

Prostate biopsy and cancer diagnosis has been revolu-
tionized by TRUS guidance and the biopsy gun. This 
pairing allows effective, safe biopsy and likely is respon-
sible for the increased interest in prostate cancer. The 
TRUS-guided approach has replaced the “blind” finger-
guided transrectal, and earlier transperineal, approaches. 
Virtually all TRUS-guided biopsies are now done  
transrectally (Fig. 10-16, A). Many investigators have 
described their experiences.1,21

detection of tumors with a higher Gleason score, but 
false-positive results are also seen, especially with prosta-
titis. Premedication with dutasteride (Avodart), which 
decreases prostate size and suppresses normal vascularity, 
has been used with some success to increase the conspi-
cuity of nonresponsive neovascularity. More work is 
being done with contrast enhancement and “targeted” 
bubbles that bind to specific tissues. At present, contrast 
enhancement remains investigational.136,138-140,142

When evaluating new approaches, the reader should 
remember to determine the added value of the new 
approaches compared with gray-scale TRUS and tar-
geted biopsy, not only the isolated results of the new 
approaches.

Three-Dimensional Ultrasound Scans

Three-dimensional (3-D) scanning has been evaluated. 
Since 3-D depends on two-dimensional (2-D) scanning, 
generally there is no improvement in cancer detection, 
but there may be slight improvement in cancer staging.138 
There may be a role for 3-D imaging in accurate volume 
determinations when precise volumes are needed to 
monitor changes in gland size. Marketed 3-D approaches 
to biopsy include TargetScan and PercuNav. The Tar-
getScan device is a dedicated ultrasound unit incorporat-
ing a biopsy channel on the probe and uses a unique 
flexible needle. It allows volumetric segmentation and 
computes biopsy sites to allow a more repeatable and 
uniform biopsy sampling pattern.143 It may prove helpful 
in patients needing precise tumor mapping before focal 
therapy. The PercuNav device is used freehand, and 
probe motion is followed using electromagnetic methods. 
Such devices may facilitate accurate TRUS/MRI co-
registration/fusion and help with biopsy guidance in 
men who have negative TRUS scan but an MRI detects 
a lesion needing biopsy or intervention. PercuNav can 
be used for any organ.

Elastography

Elastography is being evaluated. Elastography creates a 
color-coded map of tissue “stiffness” (elastic modulus). 
Some prostate tumors have increased cell density, leading 
to change of tissue elasticity and stiffness, which may be 
amenable to detection by “strain imaging.” When the 
prostate is gently deformed by hand-controlled probe 
pressure, areas of different density/stiffness in the pros-
tate are portrayed by different colors. Tumors tend to be 
stiffer than benign tissue. Areas containing cancer can be 
found, but currently the overall detection is similar or 
slightly better than systematic biopsy, and this technique 
cannot be used to avoid biopsy. False-positive results are 
seen with chronic inflammation and atrophy. Personal 
experience has shown that currently, elastography is  
subjective and has a long learning curve and that images 
are difficult to reproduce10,136,144 (Fig. 10-15, E-G ). New 
techniques that use sound waves to create tissue strain 
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Local anesthesia lessens the discomfort of the biopsy. 
Typically, 5 to 10 mL of 1% lidocaine (Xylocaine) 
without epinephrine is injected either into the neurovas-
cular bundles at the base of the prostate or, more easily, 
into the gland itself at the biopsy sites.3,21 With direct 
injections into the gland, anesthesia is virtually instanta-
neous in most patients. Anesthetic gel has also been 
suggested. Some patients have some pain despite local 
anesthesia; acetaminophen should be available for their 
use after the biopsy.

The automatic biopsy gun with 18-gauge needles has 
remarkable patient acceptance and safety.153 Biopsy is 
best done by a single operator who controls both the 
probe and the gun. With the gun cocked, the needle is 
“parked” in the guide, ensuring that the tip is safely 
inside the guide. The probe and contained needle are 
moved to the target using the targeting line (Fig. 10-16, 
D). A simple, swift motion advances the gun and needle 
tip to the surface of the lesion. Once in position, the 
device is triggered and the needle advances approxi-
mately 2 to 3 cm. Initially the inner stylet advances, and 
then the outer sheath advances to cut the tissue core and 
trap it in the beveled chamber of the inner needle (Fig. 
10-16, C and D). We sample suspicious areas first, in 
case the patient cannot tolerate the entire procedure,  
and finish with systematic sampling. Biopsy through the 
urethra, internal urethral sphincter, and ejaculatory 
ducts is avoided because it can result in considerable 
urethral bleeding and potential injury to these structures. 
When the biopsy is finished and probe removed, the site 
is palpated for hematomas, and if present, finger pressure 
is applied for about a minute to help stop bleeding. After 
the biopsy, we keep the patient for an hour, the first 20 
minutes lying down and the remainder seated. This 
helps prevent problems caused by late onset of vasovagal 
complications.

Cytology with and without TRUS guidance has 
been done in the past, but both false-positive and false-
negative results can occur, and Gleason scoring is not 
possible.65

Side Effects and Complications

Minor side effects, including bleeding in the urine, stool, 
and sperm, are common and will be seen in most patients 
undergoing transrectal biopsy. This minor bleeding gen-
erally lasts only a few days but can continue for many 
weeks. The ejaculate may remain discolored for many 
months. Significant complications from prostate biopsy 
that require physician intervention have been relatively 
low, less than 1% to 2%, regardless of the mode of guid-
ance, needle size, or approach.21,153,155 These include 
sepsis, large hematoma, urinary retention, and signifi-
cant rectal bleeding. With the use of prophylactic anti-
biotics, the incidence of septic complications requiring 
therapy is about 1%. Sepsis can rapidly increase in sever-
ity to septic shock. Patients should be advised to seek 
help promptly if they start feeling feverish or unwell. 

Preparation

Prostate biopsy is usually performed in an ambulatory 
setting and requires minimal patient preparation.20,147 
Experience has shown that it is best to schedule and 
prepare men for TRUS and biopsy at the same visit (vs. 
two visits). If TRUS shows a benign cause for the clinical 
findings, the biopsy can be deferred.

Informed consent is obtained. Some advocate the use 
of cleansing enemas before performing the biopsy. A 
rapidly absorbed, broad-spectrum antibiotic is adminis-
tered, typically a quinolone such as ciprofloxacin, one 
dose an hour before and for several days after the 
biopsy.21,150 However, antibiotic resistance is increasing, 
and about half the infectious complications are caused by 
E. coli, which have become ciprofloxacin resistant.151

Patients taking anticoagulating agents (e.g., aspirin, 
NSAIDs, clopidogrel [Plavix], warfarin)149 should not 
undergo biopsy until these drugs have been discontinued 
for several days, depending on the agent. Aspirin is often 
taken by men in the prostate cancer age group. Even the 
81-mg dose irreversibly blocks platelet function for 7 to 
10 days. This area is controversial, and some suggest that 
aspirin-induced coagulation disturbance is not severe 
enough to prevent safe biopsy.152-155 Because bleeding 
complications can occur after prostate biopsy, medical-
legal defense may be difficult if an elective procedure was 
performed with the knowledge of anticoagulant inges-
tion. Acetaminophen (Tylenol) can be recommended to 
men who need analgesia for conditions such as arthritis 
because it is not an anticoagulant. Warfarin (Coumadin) 
needs to be discontinued. This is best arranged by the 
referring physician. Normal coagulation is confirmed 
with an international normalized ratio (INR) of less than 
1.5 before biopsy. Patients with other coagulopathies 
should be seen by coagulation specialists.

Biopsy is avoided during urinary infections. The clini-
cian should wait 4 to 6 weeks after symptoms have 
subsided and confirm antibiotic sensitivities to deter-
mine appropriate prophylaxis for biopsy. Endocarditis 
prophylaxis for genitourinary procedures such as prostate 
biopsy is no longer recommended in patients with val-
vular heart disease, although it is still recommended for 
dental procedures.156

Technique

The patient lies in the decubitus position. A DRE is 
performed before probe insertion to palpate the prostate 
and to confirm that probe insertion is safe. We insert the 
probe with needle guide attached at the outset to save 
time and examine the prostate. The decision to biopsy 
has already been made, so only target details need to be 
clarified.3,21 A variety of probes and guides are available 
(Fig. 10-16; see also Fig. 10-7). Ching et al.22 recently 
suggested that end-fire probes/guides provide better sam-
pling than side-fire devices. Electronic guidelines direct 
the needle path (Fig. 10-16, D).
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need intravenous atropine. We keep patients in the clinic 
for an hour after the biopsy to avoid problems with these 
delayed vasovagal hypotensive reactions.

Biopsy should never be taken lightly. Some patients 
have required prolonged hospitalization, and there are 
rare reports of patients dying from biopsy-related 
complications.21

Indications

Indications exist for both initial and repeat prostate 
biopsies to investigate cancer.

Infectious disease specialists can be consulted to help 
with antibiotic selection in men who need repeat biopsy 
but have had infections after prior biopsy. Tumor seeding 
is virtually unknown.

About 1% to 6% of patients have a hypotensive vaso-
vagal-like reaction after the biopsy. This can occur even 
30 to 60 minutes after the procedure.153 It is character-
ized by pallor, sweating, nausea, and vomiting, often 
with bradycardia of 50 to 60 beats/min associated with 
significant hypotension. This usually occurs within 30 
to 60 minutes after biopsy. Most men recover spontane-
ously and rapidly with rest, but rarely the patient may 
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FIGURE 10-16. Prostate biopsy technique. A, Diagram 
showing TRUS guidance technique. B, Typical disposable “biopsy gun.” 
C, Mechanism of needle function. 1, Closed needle advanced to lesion. 
2, On triggering, the inner chambered stylet enters the lesion. 3, Outer 
sheath advances and cuts off and encloses the sample. D, Biopsy needle 
as seen at TRUS (arrows). Targeting line dots are visible (*); T, tumor. 
E, Recurrent prostate cancer at anastomotic site after radical prostatec-
tomy. The lesion (black arrows) is low in the pelvis behind the pubic arch 
bones (white arrows) and surrounds the urethra (U).
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especially the “anterior horns” (part of peripheral zone 
that curves anteriorly around transition zone).158,159 
Others have found that both medial and lateral samples 
are equally important, and that it is important to  
search for hypoechoic nodules.160 This approach should 

Initial Biopsy

Biopsy is performed in patients with a clinical suspicion 
of cancer in whom the results would alter clinical man-
agement. The indications include the following:
1. Abnormal DRE.
2. PSA of 10 ng/mL or greater. (Some advocate 

reducing the PSA criterion to 4 or even  
2.5 ng/mL.)

3. Nodule visible at TRUS.
4. Excessive PSA velocity.
5. Positive chips at TURP.
6. Men with metastatic adenocarcinoma with 

undetermined primary.
The number of samples and locations used in pros-

tate biopsy has been controversial. Initially it was thought 
that only suspicious areas should be sampled. It was 
quickly discovered, however, that only about 50% of 
hypoechoic areas contained cancer, and that cancer was 
present in normal-appearing areas of the prostate. This 
led to “targeted plus systematic” sextant (six-core) 
biopsy.135,157 Subsequently, increased numbers of cores 
have been suggested because about 30% of cancers were 
being missed by the sextant biopsy. Ten to 12 cores is 
held to be appropriate on the initial visit.3,21,158

At the first biopsy session, suspicious hypoechoic or 
vascular areas are sampled first, followed by a systematic 
10 to 12–core pattern. There is subtle variation between 
different operators3,21 (Fig. 10-17). Typically, samples 
are obtained from the peripheral zone at the base, middle, 
and apex of the gland both medially and laterally from 
each lobe. Many emphasize obtaining lateral samples, 
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FIGURE 10-17. Biopsy sites as viewed en face from posterior aspect of prostate. Left image shows the standard 
10 prostate biopsy sites; S, sextant; L, lateral or “anterior horn.” Additional samples are taken of any lesion that is evident outside the 
systematic pattern (+). Right image shows a typical extended pattern of biopsies, in this case a 13-core pattern. In addition to the sextant 
sites (S), samples are taken from the lateral peripheral zones (L), deep in the anterior transition zone (T), and from the peripheral zone in 
the midline (M) at the base, cephalad to the verumontanum.

INDICATIONS FOR PROSTATE BIOPSY*

INITIAL BIOPSY
Abnormal digital rectal examination.
Unexplained prostate-specific antigen (PSA) 

elevation.
Abnormal transrectal ultrasound.
Excessive PSA velocity.
Positive chips at transurethral resection of prostate.
Metastatic adenocarcinoma when primary is not 

evident.

REPEAT BIOPSY
Initial biopsy is negative; strong continued clinical 

suspicion.
PSA level greater than 10 ng/mL or rising.
Initial suspicious histology (high-volume PIN, 

atypical cells, microcancer).
Follow-up of men under active surveillance.

*To investigate cancer in any patient in whom histologic 
information would alter management and in whom the 
biopsy can be safely performed.
PIN, Prostate intraepithelial neoplasia.



422  PART II ■ Abdominal, Pelvic, and Thoracic Sonography

“Saturation” biopsy has been suggested using the 
transperineal approach and brachytherapy template to 
help systematically cover the entire prostate. Such biop-
sies are usually done under general anesthesia, and their 
added value beyond simple extensive 15-core biopsy is 
uncertain.158,159 Color Doppler has slightly increased the 
sensitivity and specificity regardless of whether a gray-
scale lesion is detected139 (Fig. 10-14, C and D).

Biopsy after Radical Prostatectomy

Radical prostatectomy should reduce PSA to virtually 
undetectable levels. Recurrent disease is suspected if the 
PSA starts rising. In this situation, many urologists now 
just arrange for radiotherapy of the prostate bed and pelvis 
and do not rely on biopsy. If histologic proof is needed 
before therapy, TRUS with biopsy can be used to evaluate 
the anastomotic site to look for local lymphadenopathy 
and pelvic masses (Fig. 10-16, E). If requested, in such 
cases we obtain two samples from either side of the anas-
tomosis and biopsy any other abnormal masses. Care must 
be taken not to mistake large pelvic vessels for masses; this 
can be avoided by using Doppler before biopsy.

Biopsy in Men with Absent Anus

Men who have had their anus closed by abdominoperi-
neal resection present a difficult group to manage when 
their PSA becomes elevated. Prostate visibility is restricted 
through both the transabdominal and the transperineal 
approach. Transperineal ultrasound–guided biopsy with 
local anesthesia is moderately successful in obtaining 
prostate tissue. It is helpful to precede the biopsy with 
MRI, which may show suspicious areas that cannot be 
seen with ultrasound. We scan the patient in a lithotomy 
position and use the same transrectal probe because of 
its small size and just abut it firmly against the perineum 
and proceed as with a transrectal biopsy. About 20 mL 
of 1% lidocaine is needed for perineal anesthesia. Cancer 
yield in our hands is about 30%; others report it as high 
as 40% to 82%.166,167 An alternative approach using MRI 
for initial lesion detection, followed by CT transsciatic 
biopsy, could be considered.

ULTRASOUND-GUIDED THERAPY

Transrectal ultrasound can be used to guide instrumenta-
tion into the prostate for therapy both transrectally and 
transperineally. This has become an increasingly impor-
tant function with the advent of focal therapy. Need for 
guidance is seen with techniques such as radiotherapy 
(escalated-dose conformal radiotherapy; Fig. 10-18), 
brachytherapy (Fig. 10-19), and cryotherapy, as well as 
more contemporary treatments such as radiofrequency 
ablation therapy, HIFU, gene therapy with viral injec-
tion, and photodynamic therapy.50,168 Many of these 

result in an overall 30% to 60% positive biopsy rate and 
about 60+% yield for lesions that are suspicious at 
ultrasound.84

Repeat Biopsy

Biopsy is repeated when needed, generally using a more 
extensive sampling pattern, in the following situations:
1. Initial biopsy is negative, but there is continued 

strong clinical suspicion of cancer (palpable nodule, 
PSA >10 or continuing to rise).

2. Initial biopsy shows suspicious histology that would 
not qualify for radical therapy (high-grade PIN, 
atypical cells, microscopic cancer).

3. Follow-up of men on active surveillance.
Because about 30% to 40% of cancers are not visible 

at TRUS, there is a chance that the initial samples missed 
the cancer and it is reasonable to repeat the biopsy. If 
the initial results are negative but PSA continues to rise, 
we generally repeat at about 1 year. If the initial histology 
is prostate intraepithelial neoplasia (PIN), atypical cells 
(atypical small acinar proliferation [ASAP]), or micro-
scopic cancer, we generally repeat within 3 months 
because these lesions have a greater than 30% association 
with significant cancer.21,158,161,162 In our hands in 2008, 
among 968 men undergoing their first biopsy we found 
cancer in 50%, microscopic cancer in 2%, PIN in 10%, 
and ASAP in 4%. Thus, about 16% of men would be 
asked to return promptly for follow-up biopsy (unpub-
lished data).

Beyond three biopsy sessions, the yield becomes small, 
and most laboratories will revert to about 1 to 2–year 
follow-up. Cancer detection rates on repeat biopsies 1, 
2, 3, and 4 are reported as 22% to 38%, 10%, 5%, and 
4%.21,163

Repeat biopsies use a more extensive pattern of sam-
pling162,164 (Fig. 10-17). The sites of cancer missed by 
the initial sextant pattern have been evaluated165 and 
several patterns for extended biopsy suggested.3,21,158 We 
have found that a 13-core to 15-core pattern modeled 
after Babaian et al.162 has been very effective. Samples are 
obtained for each lobe: lateral peripheral zone (2 cores), 
medial peripheral zone (3 cores = sextant sites), and 
transition zone (1 core), as well as one core from the 
midline at the base. Overall, 13 cores are obtained, and 
cancer yield at repeat biopsy can be as high as 40% in 
at-risk men. Most of the cancers will be found in the 
original systematic sites, with only a small contribution 
from the added transition zone and midline.162 If repeated 
extensive biopsies are negative but indications keep 
increasing (rising PSA), we use MRI to help localize 
suspicious areas. At repeat biopsy, it is important to 
scrutinize the most anterior part of the gland in front of 
the internal urethral sphincter in the supposedly tumor-
resistant anterior fibromuscular area. Often, large tumors 
“hide” there and are difficult to see, and this region is 
not well sampled at systematic biopsy.137
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Radionuclide bone scans play no role in primary 
tumor detection or local staging but they are the main-
stay for detecting bone metastases in men with skeletal 
symptoms or PSA greater than 10 ng/mL.1

OTHER APPLICATIONS OF TRUS 
IN MEN AND WOMEN

In both men and women, the transrectal route is  
useful to evaluate and sample any pelvic mass that  
is within range of the probe and needle. TRUS  
also provides high-resolution pelvic access in girls and 
women when transvaginal ultrasound is not possible 
(Fig. 10-20).

A few caveats exist. Because of the large vessels in the 
pelvis, it is important to use Doppler ultrasound to inter-
rogate any area where biopsy is contemplated. Remem-
ber that pelvic kidneys may mimic pathologic masses. 
Also, anterior meningoceles may mimic masses behind 
the rectum and should not be aspirated because of the 
risk of infection.

therapies can alter the texture of the prostate, making it 
impossible to detect recurrent cancer with TRUS. After 
such treatments we perform systematic 10-core biopsies 
of these patients when tissue is needed for patient manage-
ment and often find solid, hard, almost woodlike tissues.

OTHER IMAGING TECHNIQUES

Magnetic resonance imaging is an increasingly useful 
technique to evaluate the prostate to detect and stage 
cancer. Its accuracy in tumor detection, sizing, and 
staging are improving with use of endorectal and pelvic 
coils, contrast agents, and specialized sequences. The 
main pitfalls to use of MRI are availability, cost, time, 
and intolerance of the endorectal coil. Biopsy equipment 
has been adapted for use with MRI.1

Computed tomography scan plays no role in primary 
tumor detection or local staging, but it helps with detec-
tion of lymphadenopathy and distant metastases. CT is 
of great value in radiotherapy planning and confirming 
seed placement with brachytherapy.1

A B

C

U

D

FIGURE 10-18. Ultrasound-guided radiotherapy. Fiducial marker seeds inserted with TRUS guidance and used to guide 
escalated-dose external beam radiotherapy. A, Transverse image shows basal seed (arrow) with characteristic comet-tail reverberation arti-
fact. B, Rectal surface seed (arrow). C, Apical seed (arrow) just beside the urethra (U). D, Pelvic x-ray film shows the three marker seeds 
in place.
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A B

U

C D

FIGURE 10-19. Ultrasound-guided brachytherapy. Transrectal ultrasound used to plane and guide brachytherapy (radioactive 
seed implantation) using a special stepping device and perineal needle template. A, One of multiple transverse prostate images used to 
plan seed sites (dots) and determine radiation isodose dose curves (colored lines). Urethral dose is avoided (white central area inside the green 
triangle). Note the grid markers at the bottom (A, a, b . . . G) and left side (1.0, 1.5, 2.0 . . . 4.5) and the grid dots superimposed on the 
field. B, TRUS-guided seed placement in the operating room; U, urethra. Transverse image shows the guiding grid dots and the tip of 
one inserting needle as a “hamburger-like” echo (arrow). C, Sagittal images shows brachytherapy needle inserted to base of prostate (arrow) 
to insert a row of seeds. D, Postprocedural CT reconstruction shows the position of the seeds (green) and that the entire prostate is receiv-
ing a high (white) radiation dose. (Images courtesy Dr. Juanita Crook, Radiation Oncology, Princess Margaret Hospital, Toronto.)

MFIGURE 10-20. Other TRUS application: pelvic mass. 
Woman with abnormal pelvic mass illustrates nonprostate uses of 
TRUS guidance and biopsy in men and women. This is a recurrent 
pelvic mass (M) following hysterectomy for uterine cancer. TRUS 
examination and biopsy provided the histologic proof needed before 
further therapy. The transrectal technique is useful to biopsy any 
pelvic mass that can be reached by the probe.
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The adrenal glands are the smallest paired organs 
in the abdomen, weighing approximately 4 g each in  
a nonstressed adult.1 Despite their size, the adrenal 
glands are essential for maintaining homeostasis through 
hormone secretion. They also represent common sites 
for a wide range of disease. Numerous imaging tech-
niques can be used to investigate a patient with suspected 
adrenal pathology. Computed tomography (CT) is 
widely regarded as the premier imaging modality, with 
recent advances in magnetic resonance imaging (MRI) 
and positron emission tomography (PET-CT) providing 
additional benefit. Sonography, however, remains a 
widely available, economical, and effective tool in the 
setting of adrenal disease. It is essential for the radiologist 
to understand not only the spectrum of adrenal pathol-
ogy, but also the applications and limitations of all 
imaging techniques, to direct the most appropriate 
imaging strategy.

EMBRYOLOGY

The adrenal gland is composed of two parts, a cortex 
and a medulla, which have different embryologic origins. 
The cortex develops from the mesoderm and the medulla 
from the neural crest.

During the sixth week of fetal development, there is 
rapid proliferation of mesenchymal cells, originating 

from the posterior abdominal wall peritoneal epithelium 
near the cranial end of the mesonephros (primitive 
kidney). These cells penetrate the retroperitoneal mesen-
chyme to become the primitive adrenal cortex.2 Further 
mesenchymal cell proliferation occurs, and these cells 
envelop the primitive cortex more compactly to become 
the permanent adrenal cortex. By the end of the eighth 
gestational week, the cortical mass separates from the 
posterior peritoneal surface and becomes surrounded by 
retroperitoneal connective tissue.

During the seventh week of development, cells origi-
nating from neuroectoderm migrate and invade the 
medial aspect of the developing primitive adrenal cortex. 
These cells differentiate into the chromaffin cells of the 
adrenal medulla.

At birth, the gland is composed predominantly of 
primitive fetal cortex and adrenal medulla. Immediately 
after birth, the primitive cortex begins to involute, dis-
appearing by 1 year of age. Simultaneously, the thin, 
compact, permanent adrenal cortex further differenti-
ates into the three zones (glomerulosa, fasciculata, and 
reticularis) of the adult gland3 (Fig. 11-1).

ANATOMY AND PHYSIOLOGY

The adrenal glands are found at the level of the 11th  
or 12th thoracic rib, lateral to the first lumbar vertebra 
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(Fig. 11-3). The adrenal gland and kidney will separate 
during deep inspiration or in the upright position. This 
may allow differentiation between renal and adrenal 
masses during sonographic examination.4,5

The right adrenal gland is located posterior to the 
inferior vena cava and cephalad to the upper pole of the 
right kidney (Fig. 11-4). Medially, the crus of the dia-
phragm runs parallel to the medial wing of the gland, 
whereas the lateral wing is adjacent to the posteromedial 
aspect of the liver (see Fig. 11-3). The medial wing may 
extend caudally along the medial aspect of the upper pole 
of the kidney. The tip of the gland always terminates 
cephalad to the renal vessels.6

The left adrenal gland is positioned anteromedially 
to the kidney (Fig. 11-5). It may extend from above the 
superior pole of the kidney to the level of the renal hilum 
in 10% of persons.7,8 The aorta and crus of the dia-
phragm are on the medial aspect of the adrenal. The 

(Fig. 11-2). Each gland is composed of an anteromedial 
ridge and medial and lateral wings. This most often 
results in an inverted-V or inverted-Y appearance.

The glands are surrounded by fatty areolar tissue that 
has a thin, fibrous capsule and many fibrous extensions 
into the adrenal glands.2 With their fascial support, the 
adrenals are relatively fixed, unlike the kidney, which is 
not anchored to the perinephric fascia. Thus the adrenal 
glands have a more constant relationship with the 
abdominal great vessels than they do with the kidneys 

Fetal cortex Medulla

Zona glomerulosa

Primordium of
permanent cortex

Zona reticularisZona fasciculata

A B C D E F G H

FIGURE 11-1. Adrenal gland embryology. A, Six weeks. B, Seven weeks. C, Eight weeks. D and E, Later stages of encapsula-
tion of the medulla by the cortex. F, Newborn. G, One year, showing that fetal cortex has almost disappeared. H, Four years, showing 
the adult pattern of the cortical zones. (Modified with permission from Moore KL, editor. The developing human: clinically oriented embry-
ology. 5th ed. Philadelphia, 1993, Saunders.)

FIGURE 11-2. Anatomy and blood supply of the 
adrenal glands. (Courtesy Jenny Tomash.)
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FIGURE 11-3. Cross-sectional anatomy of the 
adrenal glands. (From Mitty HA, Yeh HC, Radiology of 
the adrenals with sonography and CT. Philadelphia, 1982, 
Saunders.)
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caused by increased collagen around the central vessels 
and haphazard orientation of its cell population, result-
ing in multiple reflective interfaces.

In their detailed assessment, Ma et al.11 demonstrated 
that the average adrenal gland measures 3 to 4 cm length, 
1 to 2 cm in width, and 2 to 3 mm in thickness. Although 
the shape of the adrenal glands can vary, the thickness 
of the limbs, particularly the lateral limbs, remain rela-
tively constant and therefore are the most useful indica-
tors of gland hypertrophy.

The medial wing of the adrenal gland is larger supe-
riorly and smaller or absent inferiorly, whereas the lateral 
wing is larger inferiorly and smaller superiorly.7 Com-
plete visualization of the adrenal gland in a single sono-
graphic plane is virtually impossible because of the 
complex shape of the organ.12

The adrenal gland performs a critical role in hormone 
secretion and maintenance of homeostasis. The cortex 
secretes steroid hormones and the medulla secretes cat-
echolamines. The cortex is subdivided into three distinct 
zones. The zona glomerulosa, which is the outermost 
layer, produces and secretes the mineralocorticoid aldo-
sterone. This hormone is part of a coordinated hor-
monal system (renin-angiotensin-aldosterone) involved 
in the homeostasis of fluid volume and blood pressure. 
The principal action of aldosterone is on the renal 
tubules, causing sodium retention. The zona fasciculata 
and zona reticularis act as a single unit and secrete 
cortisol (glucocorticoid) and androgens. The adrenal 
cortex in a nonstressed adult secretes about 20 mg of 
cortisol daily and with stressful stimuli may increase 
secretion up to 150 to 200 mg/day. The physiologic 
significance of the adrenal androgens is not known. In 
excess, androgens may cause hirsutism or virilization in 
females and precocious pseudopuberty in males.13

The adrenal medulla is responsible for the synthesis 
and secretion of the catecholamines epinephrine and 
norepinephrine. These hormones play an important 
role in the response to actual or anticipated stress but are 
not essential to life.13

cephalic two thirds of the gland is posterior to the 
stomach and therefore covered by peritoneum of the 
lesser sac. The caudal one third of the gland is related to 
the posterior aspect of the pancreatic body and splenic 
vasculature9 (see Fig. 11-3).

The adrenal glands have a rich blood supply to facili-
tate their endocrine function. The superior, middle, and 
inferior suprarenal arteries arise off the inferior phrenic 
artery, aorta, and renal artery, respectively. Each gland 
drains through a main suprarenal vein, which on the 
right enters directly into the inferior vena cava (IVC) and 
on the left drains into the left renal vein.

On sonography, the adrenal cortex is less echogenic 
than the surrounding perirenal fat, whereas the medulla 
is evident as a highly echogenic, central linear structure. 
The echogenic linear medulla is most prominent in the 
fetus and newborn; however, it can also be identified in 
thin adults. Oppenheimer et al.10 proposed that the 
increased medullary echogenicity in newborn infants is 

A B C

I

I

FIGURE 11-4. Normal adult right adrenal gland. A, Sagittal, and B, transverse, sonograms show the adrenal as a linear 
hypoechoic structure that lies deep to and slightly lateral to the inferior vena cava (I). The kidney lies caudal to the right adrenal gland 
and therefore is not seen in the same plane. C, CT scan confirms the retrocaval position of the right adrenal gland. Only the tip of the 
upper pole of the right kidney is seen. The left adrenal gland, by comparison, is located anterior to the left kidney.

P

K

FIGURE 11-5. Left adrenal gland enlarged from 
pheochromocytoma. Visualization of this pheochromocy-
toma (P), through a ventral epigastric approach. The adrenal is 
shown anterior to the upper pole of the left kidney (K).
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(Fig. 11-6). The liver provides a good acoustic window. 
Alternatively, a subcostal oblique approach parallel to the 
rib cage at the midclavicular line can be used. Scanning 
from a direct anterior or posterior approach is typically 
poor because of overlying bowel gas or intervening 
muscle and fat interfaces (Fig. 11-7).

Left Adrenal Gland

The left adrenal gland is more difficult to visualize than 
the right and is best evaluated from the epigastrium or 
intercostally at the posterior axillary or midaxillary line 
through the spleen or kidney.7,14 The key to the identi-
fication of the left adrenal is to remember it lies anterior 
to the upper pole of the left kidney (see Fig. 11-5). As 
with the right adrenal, a direct posterior approach is 
usually not helpful with the left adrenal gland.

Pitfalls

When the scan plane is parallel to the anterior surface of 
the lateral wing, false enlargement may be observed.15 
This could lead to erroneous diagnosis of hyperplasia or 
a small mass. Changing the angle of the insonating sound 
beam by altering the intercostal space should allow dif-
ferentiation between real and false enlargement.

INFECTIOUS DISEASES

Tuberculosis (TB), histoplasmosis, blastomycosis, and 
meningococcal, echinococcal, cytomegalovirus (CMV), 
herpesvirus, and Pneumocystis infections are the most 
common infectious diseases of the adrenal gland.16-18

ADRENAL SONOGRAPHY

Ability to visualize the adrenal glands sonographically is 
related to body habitus, operator experience, and type of 
equipment. With the introduction of high-resolution, 
real-time sector scanners, the adrenal glands have become 
easier to examine. Ideally, the patient should fast for 6 
to 8 hours before the examination to reduce the amount 
of intervening bowel gas.

Marchal et al.12 reported that the normal right and left 
adrenal glands were visualized by high-resolution real-
time sonography in 92% and 71% of patients, respec-
tively. Cortex and medulla were differentiated in 13% 
of patients. Alternatively, Günther et al.14 studied 60 
healthy subjects with high-resolution real-time sonogra-
phy and identified adrenal glands in only one thin 
female. In newborn infants, real-time high-frequency 
scanning identified the right and left adrenal glands in 
97% and 83% of patients, respectively.10

Multiplanar Scanning

Because of the complex shape of the adrenal gland, a 
comprehensive, systematic, multiplanar approach is nec-
essary to evaluate it fully. The gland should be assessed in 
the transverse, coronal, and longitudinal planes, as well as 
in the supine, oblique, and lateral decubitus positions.

Right Adrenal Gland

The right adrenal gland is best evaluated intercostally  
at the midaxillary or anterior axillary line.7,12,14 The key 
to the identification of the right adrenal is to remember 
its suprarenal location and its relationship to the IVC 

A B

FIGURE 11-6. Importance of position in localization of pathology to the adrenal gland. A, Right adrenal mass. 
Sagittal sonogram shows a solid mass cephalad to upper pole of right kidney. B, Metastatic lymph node in a different patient. A sagittal 
sonogram shows a small, solid nodule (arrow) posterior to upper pole of right kidney. This location is not consistent with the adrenal 
gland.
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population19 (Fig. 11-8). Calcification in the absence of 
a soft tissue mass should suggest infection or prior hem-
orrhage rather than neoplasm. When TB infects the 
adrenal glands, chest radiographs and sputum cultures 
may be negative. Before antituberculous therapy, TB was 
the most common cause of Addison’s disease (adrenal 
insufficiency). Currently, autoimmune disorders pre-
dominate as the most common etiology of adrenal 
insufficiency.

Echinococcal infection of the adrenal gland mani-
fests similar to echinococcal disease seen elsewhere and 
is most often characterized by cysts with varying amounts 
of calcification.20

Immunosuppression resulting from acquired immu-
nodeficiency syndrome (AIDS), transplantation, or other 
causes increases these patients’ risk for infectious involve-
ment of the adrenal gland. Common organisms include 
fungi (histoplasmosis), mycobacteria, CMV, herpesvirus, 
Pneumocystis carinii (jiroveci), human immunodeficiency 
virus (HIV), and toxoplasmosis.17,18 Grizzle18 described 
focal or diffuse damage of the glands by CMV in 70% 
of AIDS patients who died. Sonographically, these lesions 
are usually hypoechoic masses that may be heterogeneous 
and may contain gas if abscess formation occurs.

Bacterial adrenal abscesses are found more fre-
quently in neonates and are relatively uncommon in 
adults.21,22 In the neonate, hematogeneous seeding of 
normal glands or those affected by hemorrhage can result 
in abscess formation.22 On sonography, adrenal abscesses 
typically appear as complex, avascular cystic masses.

BENIGN ADRENAL NEOPLASMS

Adenoma

Adenomas represent the most common adrenal tumor 
and have been found in as many as 9% of autopsy speci-
mens.23,24 Incidence increases with age, and adenomas 

Tuberculosis has a variable appearance, depending on 
the stage of infection. Acutely, there is bilateral diffuse 
enlargement, often inhomogeneous, caused by caseous 
necrosis. Punctate calcification is a feature. Chronically, 
the adrenal glands become atrophic and more heavily 
calcified.17,18 TB and histoplasmosis are the two most 
common causes of adrenal calcification in the adult 
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FIGURE 11-7. Scan planes for sonographic visual-
ization of adrenal glands. 1, 2, Lateral approach (right): 
1, midaxillary line; 2, anterior axillary line. 3, 5, Ventral approach 
(right and left): paramedian or midclavicular line. 4, Ventral 
approach (right adrenal through left liver lobe): longitudinal 
oblique scan. 6, Lateral approach (left): posterior axillary line. 
(Modified from Günther RW, Kelbel C, Lenner V. Real-time ultra-
sound of normal adrenal glands and small tumors. J Clin Ultrasound 
1984;12:211-217.)

FIGURE 11-8. Adrenal gland calcification. Sagittal 
sonogram shows a large calcification of the adrenal gland with 
distal acoustic shadowing.

CAUSES OF  
ADRENAL CALCIFICATION

Infection
Tuberculosis
Histoplasmosis
Echinococcus

Prior hemorrhage
Neoplasm

Adrenocortical carcinoma
Myelolipoma
Pheochromocytoma

Hemangioma (rare)

ADRENAL PSEUDOMASSES

Thickened diaphragmatic crus
Accessory spleen
Gastric fundus
Gastric diverticulum
Renal vein
Retrocrural and retroperitoneal adenopathy
Upper-pole renal cysts and tumors
Pancreatic tumors
Hypertrophied caudate lobe of liver
Fluid-filled colon interposed between stomach and 

kidney
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and serum aldosterone levels, hypokalemia, hypernatre-
mia, and elevated bicarbonate and low plasma pH levels 
are found. A suppressed renin level indicates primary 
hyperaldosteronism.

Histologic Differentiation

Pathologically, it may be difficult to differentiate nodules 
of hyperplasia from adrenal adenomas. Nodules larger 
than 1 cm are likely to be adenomas.1 Also, it may be 
impossible histologically to differentiate adenoma from 
adrenocortical carcinoma using only biologic indices. 
Histologically, nonhyperfunctioning adenomas are com-
posed of lipid-filled cells indicative of their secretory 
inactivity.1

Management

Patients with an adrenal mass and evidence of excess 
hormone production typically require resection to allevi-
ate their symptoms. When a nonhyperfunctioning 
adrenal mass is discovered, differentiation between 
benign and malignant etiologies will direct further man-
agement. Adrenal masses larger than 6 cm are considered 
suspicious for malignancy and typically are resected.33-36 
For lesions 4 to 6 cm, either close imaging follow-up or 
surgical excision is considered acceptable. Management 
of lesions less than 4 cm in size should be based on 
additional imaging findings, as described next.

Imaging Considerations

The number of incidentally discovered adrenal lesions 
has increased significantly over recent years as a result  
of increased utilization of cross-sectional imaging and 
improved imaging techniques. In patients with no 
known malignancy, these lesions are almost always 
benign. Even in patients with a known malignancy, an 
adrenal “incidentaloma” is still most likely to represent 
an adenoma.37 However, distinguishing benign from 
malignant disease (i.e., metastases) is essential to the 
management of these patients. Accurate characterization 
of benign conditions based solely on imaging features 
can make biopsy unnecessary.

Two important features allow for accurate differentia-
tion between adrenal adenomas and malignant disease: 
intracytoplasmic lipid content and physiologic con-
trast washout. Most adrenal adenomas contain suffi-
cient intracytoplasmic lipid to produce characteristic low 
attenuation on unenhanced CT. Numerous studies to 
establish appropriate threshold criteria have concluded 
that an adrenal mass measuring less than 10 Hounsfield 
units (HU) on unenhanced CT can be classified as an 
adenoma with a sensitivity of 71% and specificity of 
98%.38 However, approximately 30% of adenomas are 
lipid poor and will demonstrate attenuation greater than 
10 HU, thus overlapping with malignant disease. In this 

Adenomas can be classified as either nonhyperfunc-
tioning or hyperfunctioning. Nonhyperfunctioning 
adenomas are more common, typically asymptomatic, 
and most often discovered incidentally. Hyperfunction-
ing adenomas tend to present clinically with symptoms 
related to excess hormone production, most frequently 
manifesting as Cushing’s syndrome or Conn’s disease.

Cushing’s Syndrome

Cushing’s syndrome was described in 1932 by Harvey 
Cushing and is characterized by truncal obesity, hirsut-
ism, amenorrhea, hypertension, weakness, and abdomi-
nal striae. This results from excessive cortisol secretion, 
which may occur with adrenal hyperplasia (70%), 
adenoma (20%), carcinoma (10%),28 or from exogenous 
corticosteroid administration. Cushing’s disease is 
caused by hyperplastic adrenal glands excreting excessive 
cortisol as a result of elevated adrenocorticotropic 
hormone (ACTH) production from a pituitary adenoma. 
A biochemical profile with high plasma cortisol and 
urinary 17-hydroxycorticoid levels and low serum ACTH 
suggests an autonomous adrenal tumor (adenoma/carci-
noma) as the source of excessive hormone.

Conn’s Disease

Conn’s disease results from excessive aldosterone secre-
tion and was first described in 1955.29 Primary aldoste-
ronism can result from adrenal adenoma (70%), adrenal 
hyperplasia (30%), and rarely adrenal carcinoma.30 Clin-
ically, hyperaldosteronism causes hypertension, muscu-
lar weakness, tetany, and electrocardiographic (ECG) 
abnormalities. Patients with unexplained hypertension 
and hypokalemia may have excess secretion of aldoste-
rone. Patients with hyperaldosteronism from an adenoma 
typically are female,31 whereas those with hyperaldoste-
ronism from hyperplasia usually are male.32 These tumors 
tend to be small (<2 cm). Biochemically, elevated urine 

FEATURES OF ADRENAL ADENOMAS

• Most common adrenal tumor
• Most common cause of adrenal “incidentaloma”
• Nonhyperfunctioning > hyperfunctioning

DIAGNOSTIC FEATURES
• No specific ultrasound features
• Unenhanced CT adrenal mass <10 HU (lipid rich)
• Dynamic contrast-enhanced CT washout >60% 

(lipid poor)
• Loss of signal on chemical shift MRI (lipid rich)

are also reported more often in patients with hyperten-
sion, diabetes, hyperthyroidism, renal cell carcinoma,25 
or hereditary colorectal adenomatosis.26 Bilateral adeno-
mas are seen in 10% of cases.27



Chapter 11 ■ The Adrenal Glands  435

Unfortunately, these imaging features overlap consider-
ably with malignant disease, and further imaging is 
required to establish a diagnosis.

When a very large abdominal mass is present, particu-
larly in the right upper quadrant (RUQ), sonography 
can be superior to CT in determining the organ of 
origin. Gore et al.44 demonstrated that the RUQ retro-
peritoneal fat reflection is displaced posteriorly by hepatic 
and subhepatic masses, whereas kidney and adrenal 
masses displace it anteriorly. This is best appreciated 
using a parasagittal plane (Fig. 11-10).

Myelolipoma

Adrenal myelolipomas are rare, benign, nonhyperfunc-
tioning tumors composed of varying proportions of fat 
and bone marrow elements.45 Their etiology and patho-

setting, multiphase contrast evaluation can be performed 
to distinguish these lesions as adrenal adenomas and will 
demonstrate more rapid contrast washout than malig-
nant lesions. Caoili et al.39 found that by applying a 
threshold level of >60% absolute washout or >40% rela-
tive washout at 15 minutes post-injection, adenomas 
could be differentiated from metastases with a 98% sen-
sitivity and 97% specificity.

When a mass is still indeterminate on CT evaluation, 
chemical shift MRI can be performed to assess for the 
presence of microscopic fat. Reliable criteria for contrast 
washout evaluation using MRI have not yet been estab-
lished.40-42 PET-CT has also shown promise in differen-
tiating benign from malignant disease.43

Given their prevalence, adrenal adenomas may be dis-
covered on routine sonographic evaluations. They appear 
as small, round, well-defined solid masses (Fig. 11-9). 

A B C

FIGURE 11-9. Adrenal adenoma. A, Sagittal, and B, transverse, sonograms show a small, solid right adrenal mass between the 
liver and upper pole of right kidney. Sonogram is indeterminate as to the significance. C, CT scan on a different patient with the same 
diagnosis demonstrates the classic and diagnostic low attenuation of the right adrenal gland, confirming the diagnosis of adenoma. (A and 
B courtesy J William Charboneau.)

A B

FIGURE 11-10. Retroperitoneal fat stripe displacement. Parasagittal sonograms. A, Anterior displacement of the retro-
peritoneal fat stripe (arrow) by a right adrenal cortical cancer. B, Posterior displacement of the retroperitoneal fat stripe (arrows) by a large 
hepatic adenoma.
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differentiate from the adjacent echogenic retroperitoneal 
fat. Propagation speed artifact results from decreased 
sound velocity through fatty masses. Apparent dia-
phragmatic disruption, originally described by Richman 
et al.48 with an adrenal myelolipoma, can result from this 
velocity change (Fig. 11-12). The presence of this artifact 
is good evidence as to the fatty nature of a mass. Musante 
et al.46 found this artifact only when tumors were larger 
than 4 cm. The tumors may be homogeneous or hetero-
geneous and, if predominantly of myeloid component, 
will be isoechoic or hypoechoic. The heterogeneity may 
be caused by internal hemorrhage, which is common. 
Focal areas of calcification may be seen.

Computed tomography is very sensitive for the diag-
nosis of adrenal myelolipomas and should be performed 
to confirm the presence of macroscopic fat suspected 
sonographically (Fig. 11-12). Musante et al.46 found that 

genesis are unknown, although these lesions are thought 
to arise in the zona fasciculata of the adrenal cortex. Men 
and women are equally affected, with tumors most often 
occurring in the fifth or sixth decade of life. Myelolipo-
mas are typically discovered incidentally in asymptom-
atic patients, with a 0.08% to 0.2% frequency at 
autopsy.46 Although tumors can range in size from 
microscopic to 30 cm, most are less than 5 cm in diam-
eter.47 If these tumors undergo hemorrhage or necrosis 
or compress surrounding structures, symptoms may 
occur.

Imaging features of myelolipoma depend on the 
varying proportion of fat, myeloid element, hemorrhage, 
and calcification or ossification present. If a significant 
amount of fat is present, these tumors are typically seen 
sonographically as an echogenic mass in the adrenal  
bed (Fig. 11-11). When small, they may be difficult to 

A B

FIGURE 11-11. Myelolipoma. A, Sagittal, and B, transverse, sonograms show a homogeneous, highly echogenic, well-defined mass 
in the right adrenal gland.

A B

FIGURE 11-12. Myelolipoma. A, Sagittal sonogram shows a large, echogenic adrenal mass with apparent diaphragmatic disruption 
as a result of propagation speed artifact as the sound travels slower through the fatty mass than through the adjacent normal liver.  
B, Confirmatory CT demonstrates the presence of fat within the right adrenal mass. (Courtesy J William Charboneau).
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Biochemical screening is essential to confirm the diag-
nosis of pheochromocytoma, by measuring the level of 
urinary catecholamines and its metabolites vanillyl-
mandelic acid (VMA) and total metanephrines.

Pathologically, pheochromocytomas are well encapsu-
lated, weigh 90 to 100 g, and measure 5 to 6 cm in 
diameter.54 The right gland is affected twice as frequently 
as the left gland. These tumors have a red-to-brown color 
on cut surface and microscopically demonstrate large 
pleomorphic cells with abundant cytoplasm and irregu-
lar nuclei. Calcification may be seen. Neurosecretory 
granules are seen ultrastructurally.52

Sonography has proved accurate in detecting adrenal 
pheochromocytomas, particularly because most are large 
and well marginated. In eight surgically confirmed cases 
of pheochromocytoma, Bowerman et al.54 found that 
most were either heterogeneous or homogeneously solid. 
The heterogeneous tumors had areas of necrosis or hem-
orrhage (Fig. 11-13). Two tumors were predominantly 
cystic, which corresponded to old blood and necrotic 
debris, and one of these demonstrated a fluid-fluid level.

Extra-adrenal pheochromocytoma thought to lie in 
the retroperitoneum may be more difficult to localize 
with sonography because of body habitus and overlying 
bowel gas. In these patients, CT or MRI may be extremely 
useful for localization. For patients with suspected recur-
rent or metastatic disease, iodine-131 metaiodobenzyl-
guanidine (131I-MIBG) scintigraphy can play a significant 
role in screening.55

Multiple Endocrine Neoplasia

Multiple endocrine neoplasia (MEN) is a familial disease 
that is categorized into three types:
• MEN I affects pancreatic islets, the adrenal cortex, 

and pituitary and parathyroid glands.
• MEN IIa (Sipple’s syndrome) includes medullary 

thyroid carcinoma, parathyroid hyperplasia, and 
pheochromocytoma.

• MEN IIb (III) includes all features of IIa, with 
marfanoid facies, mucosal neuromas, and 
gastrointestinal ganglioneuromatosis.
Inherited as an autosomal dominant trait, MEN II 

is believed to be caused by a genetic defect in the neural 
crest.56 Pheochromocytomas in MEN syndromes are 
typically in the adrenal gland, usually bilateral (65%),57 
multicentric within the gland, more often malignant, 
and frequently asymptomatic. Patients diagnosed with 
MEN II should be screened biochemically and with 
imaging on a routine basis because they will eventually 
develop bilateral adrenal pheochromocytomas.

Rare Benign Tumors

Ganglioneuromas are benign tumors occurring most 
frequently in adults.58 They are composed of ganglion 
and Schwann cells and arise most frequently in the sym-

Pheochromocytoma

Pheochromocytoma was first described by Frankel in 
1886. Pheochromocytomas are usually hyperfunction-
ing tumors that secrete norepinephrine and epinephrine 
into the blood. The excess secretion of these catechol-
amines leads to the clinical manifestations of hyperten-
sion, pounding or severe headache, palpitations often 
with tachycardia, and excessive inappropriate perspira-
tion.52 These symptoms are often episodic.

Pheochromocytomas typically arise from the neuro-
ectodermal tissue of the adrenal medulla. They are 
usually solitary, although 10% are bilateral. Extra-
adrenal pheochromocytomas occur in 10% of patients 
and have been described in the organ of Zuckerkandl, 
sympathetic nerve chains, aortic and carotid chemore-
ceptors, bladder, prostate, and chest. Multiple or extra-
adrenal pheochromocytomas are more common in 
children.53 From 10% to 13% of intra-adrenal pheo-
chromocytomas and 40% of extra-adrenal pheochromo-
cytomas are malignant.16 Metastatic disease is the only 
reliable indicator of malignancy.

Pheochromocytomas are associated with many neu-
roectodermal disorders, including tuberous sclerosis, 
neurofibromatosis, von Hippel–Lindau disease, and 
multiple endocrine neoplasia IIa (50%) and IIb (90%).16 
Autopsy incidence of pheochromocytomas is about 
0.1%, and the frequency in hypertensive patients is 0.4% 
to 2%.54 This rare tumor occurs most frequently in 
adults between the fourth and sixth decades of life and 
is a curable cause of hypertension.

CAUSES OF FAT-CONTAINING 
SUPRARENAL MASS

Adrenal myelolipoma
Exophytic renal angiomyolipoma
Lipoma
Retroperitoneal liposarcoma
Retroperitoneal teratoma
Lymphangioma

unenhanced CT could explain confusing sonographic 
signs, including the demonstration of fat within isoechoic 
or hypoechoic, predominantly myeloid myelolipomas.

The differential diagnosis of a suprarenal fatty mass 
includes myelolipoma, renal angiomyolipoma, lipoma, 
retroperitoneal liposarcoma, lymphangioma, increased 
fat deposition, and teratoma.49 If the adrenal origin of a 
fatty mass can be ascertained with imaging (US, CT, or 
MRI), the most likely diagnosis is adrenal myelolipoma. 
When large or atypical, fine-needle aspiration may be 
necessary to establish the diagnosis. The presence of 
mature fat cells and megakaryocytes is characteristic of 
adrenal myelolipoma.49-51
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in the body and consist of multiple dilated, endothe-
lial-lined, blood-filled channels.61 Sonographically, 
they have a nonspecific structural pattern, with cystic, 
solid, and complex appearances. Calcification in the 
form of phleboliths may be seen62 (Fig. 11-14). MRI has 
been useful in the differentiation of liver hemangiomas 
and may play a role in adrenal hemangiomas if the  
diagnosis is suspected. With time and growth, these 
lesions often hemorrhage; therefore surgical treatment is 
warranted.

Other rare benign adrenal tumors include teratomas, 
lipomas, fibromas, leiomyomas, osteomas, and neu-
rofibromas. Radiologic findings are nonspecific. In most 
cases the diagnosis is made histologically.

pathetic chain, with 30% arising in the adrenal gland.58 
They are slow growing and usually clinically silent unless 
pressure phenomenon occurs. Rarely, ganglioneuromas 
increase urinary catecholamine levels, with symptoms of 
diarrhea, hypertension, and sweating.58 Sonographically, 
they are solid and homogeneous and, because of their 
soft consistency, are pliable and change shape rather  
than displace organs.59 The diagnosis can only be made 
histologically.

Hemangiomas of the adrenal gland are rare, benign, 
nonhyperfunctioning tumors. Most are small and dis-
covered incidentally at autopsy. They may grow large 
and range from 2 to 15 cm in diameter.60 Histologically, 
adrenal hemangiomas resemble hemangiomas elsewhere 

A B

FIGURE 11-13. Pheochromocytoma. A, Transverse sonogram shows a solid right adrenal mass situated between the kidney and 
inferior vena cava. A central hypoechoic area corresponds to an area of necrosis. B, CT scan shows the large, partially necrotic tumor 
intimate to the posterior aspect of inferior vena cava.

A B

M

FIGURE 11-14. Adrenal gland hemangioma.  A, Sagittal sonogram demonstrates a nonspecific solid mass (M) in the left adrenal 
gland. B, CT scan shows a nonspecific, enhancing, heterogeneous left adrenal mass with focal calcification.
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neous, with central areas of necrosis and hemorrhage. 
About 19% will demonstrate calcification. All lesions 
tend to be well defined with a lobulated border. Occa-
sionally, a surrounding thin, echogenic, capsule-like rim 
is seen (27%).63 Fishman et al.65 suggested that this may 
represent a well-vascularized portion of the adrenocorti-
cal cancer and may be specific for this diagnosis.

Unfortunately, the sonographic appearance of adrenal 
masses does not allow differentiation between adenoma, 
carcinoma, pheochromocytoma, and metastases (Fig. 
11-15). Smaller lesions are more likely benign, and larger 
masses with hemorrhage, necrosis, and calcification are 
more likely malignant (Fig. 11-16). If a large, necrotic, 
calcified adrenal mass is noted as an isolated finding, in 
the absence of a known primary tumor, adrenocortical 
cancer should be suspected. Sonography is an excellent 
screening method that allows rapid, noninvasive confir-
mation and localization of a lesion in patients clinically 
suspected of having an adrenal tumor. Duplex and color 
Doppler ultrasound are helpful to interrogate the veins 
for venous tumor extension, especially when other 
imaging modalities are equivocal. Ultrasound can be used 
to assess for metastatic spread and to guide fine-needle 
aspiration, which can be difficult when trying to differ-
entiate adenoma from well-differentiated carcinoma.

Lymphoma

Primary lymphoma of the adrenal gland is rare but 
may arise from heterotrophic lymphoid elements occa-
sionally found in normal adrenal glands.66 More often, 
however, adrenal gland involvement is caused by con-
tiguous spread from bulky retroperitoneal disease. Non-
Hodgkin’s disease is the most common cell type, with 

MALIGNANT ADRENAL 
NEOPLASMS

Adrenocortical Cancer

Primary adrenal cortical (adrenocortical) cancer is a rare 
malignancy, with an incidence of 2 per million, and 
accounts for only 0.2% of all deaths from cancer.63 It 
may arise from any of the layers in the adrenal cortex. 
Tumors may be hyperfunctioning (54%) or nonhyper-
functioning (46%).63 Hyperfunctioning tumors are 
detected earlier because of the clinical manifestations of 
excess hormone production, including the following:
• Cushing’s syndrome (most common)
• Adrenogenital syndrome (virilization or 

feminization)
• Precocious puberty
• Conn’s syndrome (rare)

Hyperfunctioning tumors occur more often in females, 
whereas nonhyperfunctioning tumors are more common 
in males. Overall, adrenocortical cancer occurs more fre-
quently in females. These tumors occur most often in 
the fourth decade, with equal frequency bilaterally. 
Tumors range in size from small to very large at presenta-
tion. On cut surface, they are predominantly yellow, 
with larger lesions exhibiting areas of hemorrhage and 
necrosis. Adrenocortical cancer is a highly malignant 
tumor and tends to invade the adrenal vein, IVC, and 
lymphatics64 and to recur after surgery.

The sonographic appearance is variable, depending on 
the size of the mass. Hyperfunctioning tumors tend to 
be smaller when discovered and usually demonstrate a 
homogeneous echo pattern similar to renal cortex. The 
larger, nonhyperfunctioning lesions are more heteroge-

A B

FIGURE 11-15. Large adrenal tumors. A, Adrenal pheochromocytoma. Sagittal sonogram of the left flank shows a large, complex 
mass with cystic components lying anterior to the left kidney. B, Adrenocortical carcinoma. Sagittal sonogram of the left flank shows an 
inhomogeneous solid mass anterior to the left kidney.
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(CMV, histoplasmosis, Candida, Cryptococcus, herpes-
virus, Pneumocystis, Mycobacterium avium-intracellulare, 
HIV, toxoplasmosis)17,18,69,70 and neoplasm (Kaposi’s 
sarcoma, lymphoma). If 90% or more of adrenal tissue 
is damaged by infection or tumor, frank adrenal insuf-
ficiency occurs.71 This is often a late manifestation in 
AIDS patients.69,70

Sonographically, Kaposi’s sarcoma of the adrenal 
gland is not well documented in the literature. A non-
specific solid mass with or without necrosis may be seen 
in the adrenal bed. Biopsy is necessary for confirmation 
(Fig. 11-18).

Metastases

The adrenal gland is the fourth most frequent site of 
metastatic disease after the lung, the liver, and bone. The 

4% of patients exhibiting discrete adrenal masses, often 
bilateral (46%).67,68 Adrenal involvement is seen in 
24% at autopsy.67 After therapy, isolated adrenal gland 
recurrence may be seen. Necrosis and calcification  
within adrenal gland lymphoma are rare without prior 
treatment.67

On sonography, intranodal and extranodal lymphoma 
typically appears as a discrete or conglomerate hypoechoic 
mass (Fig. 11-17), likely related to the monotonous cell 
population within the tumor. Masses may be so hypoechoic 
as to simulate cysts; however, lack of appropriate through-
transmission will indicate their solid nature.

Kaposi’s Sarcoma

The adrenal glands of patients with AIDS demonstrate 
an increased incidence of both opportunistic infection 

A B

C D

FIGURE 11-16. Adrenocortical carcinoma: value of localizing large flank mass to adrenal gland. A, Transverse 
sonogram, and B, corresponding CT scan, show a large, solid heterogeneous mass above the right kidney and impinging on posterior 
aspect of inferior vena cava. Right adrenal masses typically lie cephalad to the right kidney. C, Transverse sonogram, and D, corresponding 
CT scan, show a large, solid mass anterior to the left kidney. Left adrenal masses are often seen lying anterior to the left kidney.
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Adrenal metastases may be unilateral or bilateral and 
vary from microscopic deposits to enormous masses. 
Metastases are typically more heterogeneous, do not 
contain lipid, and demonstrate delayed contrast 
washout compared with adenomas. Central necrosis 
and hemorrhage may occur. Calcification in metastases 
is rare.23

Sonographically, the masses are solid and may dem-
onstrate inhomogeneity because of necrosis or hemor-
rhage (Fig. 11-19). In some cases, percutaneous biopsy 
is necessary to confirm or exclude metastases. This may 
be performed with either ultrasound or CT guidance.

ADRENAL CYSTS

Adrenal cysts are rare benign lesions and are discovered 
most frequently as an incidental finding at autopsy, with 
a frequency of 0.06%.72 Cysts are found with equal 
frequency on both sides and are typically unilateral, but 
may be bilateral in up to 15%.73 Adrenal cysts can occur 
at any age but most often develop in the third through 
fifth decades. There is a 3 : 1 female preponderance.74

Most adrenal cysts are asymptomatic. With growth, 
however, cysts may cause symptoms related to displace-
ment or compression of adjacent structures, including 
abdominal pain or discomfort, nausea, vomiting, and 
back pain. Adrenal cysts are classified into the following 
four types based on origin61,75-77:
• Endothelial (45%): angiomatous, lymphangiectatic, 

and hamartomatous
• Pseudocysts (39%): secondary to hemorrhage into 

normal adrenal gland or tumor
• Epithelial (9%)
• Parasitic (7%): most often, echinococcal infection

most common primary tumors giving rise to adrenal 
metastases include lung, breast, melanoma, kidney, 
thyroid, and colon cancer. Most are clinically silent. 
Although an adrenal mass found in a patient with a 
known primary malignancy is more likely to represent 
an adenoma than metastasis, accurate distinction between 
these two entities is necessary to guide patient manage-
ment. The use of unenhanced CT, dynamic contrast 
analysis, and chemical shift MRI has significantly 
improved the ability to differentiate adrenal adenomas 
from metastatic lesions.37 In some cases, PET-CT may 
play a complementary role.43

A B

FIGURE 11-17. Adrenal lymphoma. A, Transverse sonogram shows a large, solid right adrenal mass as well as a large, solid hepatic 
mass in AIDS patient. B, CT scan shows bilateral solid adrenal masses, hepatic masses, and splenomegaly.

FIGURE 11-18. Kaposi’s sarcoma. Sagittal sonogram 
shows a heterogeneous, predominantly solid right adrenal mass.
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Adrenal cysts are benign and can be followed with serial 
imaging. If they are large and symptomatic, percutane-
ous aspiration, with or without sclerosis, or surgery may 
be necessary.

ADRENAL HEMORRHAGE

Spontaneous Hemorrhage

Spontaneous adrenal hemorrhage in the adult popula-
tion is uncommon.78 It is usually associated with severe 
stress, including septicemia, burns, trauma, and hypo-
tension. It may also occur in patients with hematologic 
abnormalities, including thrombocytopenia and dis-
seminated intravascular coagulation (DIC). Patients 
receiving anticoagulation therapy are also susceptible 
to adrenal hemorrhage, which usually occurs within the 
first 3 weeks after initiation of therapy.61 Also, ligation 
and division of the right adrenal vein during orthotopic 
liver transplantation may cause venous congestion 
and hemorrhagic infarction or hematoma formation in 

Sonographically, adrenal cysts have the same charac-
teristics as cysts elsewhere in the body (Fig. 11-20). They 
are usually round or oval with a thin, smooth wall. Good 
through-transmission is present, but internal debris is 
often noted. About 15% will display peripheral curvilin-
ear wall calcification, usually in the pseudocysts and 
parasitic adrenal cysts (Fig. 11-21).

A B C

FIGURE 11-19. Right adrenal metastases in different patients. A, Sagittal sonogram shows a thickened adrenal that 
retains the shape of an adrenal limb. B, Sagittal sonogram shows a moderate-sized, solid mass superior to the kidney. C, Sagittal sonogram 
shows a large, inhomogeneous mass with a hypoechoic rim between the liver and upper pole of kidney.

A B

FIGURE 11-20. Adrenal cyst. A, Sagittal, and B, transverse, sonograms show a large, well-defined anechoic cyst with 
through-transmission.

CYSTIC ADRENAL LESIONS

Pseudocyst
Endothelial cyst
Epithelial cyst
Infection (Echinococcus, abscess)
Necrotic neoplasm
Cystic pheochromocytoma
Lymphangioma

Percutaneous cyst aspiration showing adrenal ste-
roids or cholesterol may be helpful to determine an 
adrenal origin if imaging techniques fail to do so.74 
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insufficiency. It is crucial to exclude hemorrhage into 
a preexisting underlying neoplasm; therefore serial 
follow-up studies are necessary to document resolution 
of the adrenal hemorrhage, as done with sonography. 
Most hematomas will resolve with time, requiring no 
intervention.

DISORDERS OF METABOLISM

Hemochromatosis

Hemochromatosis may be primary (idiopathic) or sec-
ondary after repeated blood transfusions. Patients with 
idiopathic hemochromatosis have a defect in their 
intestinal mucosa that allows increased iron absorption 
and subsequent excess deposition in liver, pancreas, 
heart, spleen, kidneys, lymph nodes, endocrine glands, 
and skin. Clinically, they present with cirrhosis, diabetes 
mellitus, and hyperpigmentation.82 Patients with sec-
ondary hemochromatosis have increased iron deposi-
tion in the reticuloendothelial cells of the spleen, liver, 
and bone marrow. Organ dysfunction does not usually 
occur.82

Excessive iron deposition in the adrenal glands  
often leads to mild adrenocortical insufficiency, but 
Addison’s disease is rare.83 The adrenal glands are usually 
small and may show increased attenuation on CT scan.

Wolman’s Disease

Wolman’s disease is a rare autosomal recessive lipid 
storage disease caused by a deficiency of liposomal acid 
lipase. Most patients die within 6 months of birth. The 
disease is characterized by marked hepatosplenomegaly 

the right adrenal gland.79 The resulting congested gland 
may rupture, causing excessive hemorrhage requiring 
reoperation.

Posttraumatic Hemorrhage

Posttraumatic adrenal hemorrhage may be present in up 
to 25% of severely injured patients.80 Most patients will 
have ipsilateral thoracic, abdominal, or retroperitoneal 
injury.81 The right adrenal gland is affected more often 
than the left. Three mechanisms have been proposed to 
explain traumatic adrenal hemorrhage, as follows80,81:
• Direct compression of the gland, with rupture of 

sinusoids and venules.
• Inferior vena cava compression, increasing right 

adrenal venous pressure as its vein drains directly 
into the IVC.

• Deceleration forces, causing shearing of small vessels 
and perforating the adrenal capsule.
Most often, the sonographic appearance of acute 

adrenal hemorrhage is a bright, echogenic mass in the 
adrenal bed, which becomes smaller and anechoic with 
time. Occasionally, an adrenal hemorrhage will initially 
appear as an anechoic mass, becoming more echogenic 
with time (Fig. 11-22), likely because the initial hemor-
rhage consists of unclotted blood. With resolution of  
an adrenal hematoma, focal areas of calcification may 
develop. Most traumatic adrenal hematomas (83%) 
have a round or oval appearance and occur predomi-
nantly in the medulla.81 The central hemorrhage may 
stretch or disrupt the cortex, resulting in periadrenal 
hemorrhage.

Unilateral adrenal hemorrhage has little clinical sig-
nificance; however, patients with bilateral hemorrhage 
are at increased risk for development of acute adrenal 

A B

FIGURE 11-21. Adrenal pseudocyst. A, Sagittal sonogram shows a partially calcified adrenal mass with acoustic shadowing. B, 
CT scan shows a partially calcified cyst replacing the right adrenal gland. (Courtesy Mitchell Tublin.)
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Drainage

Percutaneous drainage of an adrenal abscess or drainage 
and sclerosis of an adrenal cyst is possible provided safe 
access for catheter placement exists. Choice of catheter 
size depends on the viscosity of the material to be 
drained. Because of the deep location of the adrenal 
gland, these procedures are most frequently performed 
with CT guidance.

INTRAOPERATIVE ULTRASOUND

Intraoperative ultrasound with a 7.5-MHz transducer 
may be helpful when partial adrenalectomy is being per-
formed. The exposed adrenal gland is scanned to allow 
precise localization of the pathology, which therefore 
allows the surgeon to obtain clear resection margins.

and massive adrenal gland enlargement. The adrenal 
glands demonstrate diffuse punctate calcification.

ULTRASOUND-GUIDED 
INTERVENTION

Biopsy

Welch et al.84 reviewed their 10-year experience with 
adrenal biopsy, which included 277 percutaneous biop-
sies in 270 patients. Sensitivity was 81%, specificity 
99%, and accuracy 90%. Positive predictive value was 
99%, and negative predictive value was 80%. Complica-
tion rate was 2.8%. Potential complications of percuta-
neous adrenal biopsy depend on the approach and 
include hematoma (0.05%-2.5%),85 pneumothorax 
(most common),85 pancreatitis (6%),86 sepsis, and needle 
tract seeding. Needle biopsy of a pheochromocytoma 
may precipitate a hypertensive crisis and should be 
avoided.87

Most often, biopsies of the adrenal glands are per-
formed with CT guidance. However, if the lesion is 
visible and readily accessible, ultrasound may be used to 
guide the procedure. Often, on the right, a transhepatic 
approach is chosen to avoid the pleural space (Fig. 
11-23). On the left, a posterior, lateral, or anterior 
approach is chosen, depending on the lesion size and 
available safe access. A posterior approach is preferable 
to an anterior approach on the left in an attempt to avoid 
development of acute pancreatitis.

More recently, endoscopic ultrasound (EUS) has 
proved to be a safe, alternative method for adrenal gland 
sampling. Both left and right glands are readily accessi-
ble. In 24 patients with EUS-guided fine-needle aspira-
tion of the adrenal glands, Jhala et al.88 reported that 
adequate cellularity was obtained from all patients, with 
no significant complications.

A B

FIGURE 11-22. Spontaneous adrenal hemorrhage in two patients. A, Chronic hemorrhage. Sagittal sonogram shows 
two echogenic foci representing clotted blood in an enlarged right adrenal gland. B, Acute hemorrhage. Sagittal sonogram shows a large 
complex mass displacing the left kidney inferiorly and anteriorly.

FIGURE 11-23. Percutaneous adrenal biopsy. Sagittal 
sonogram shows transhepatic placement of a needle (echogenic 
line) into a small right adrenal metastasis in a patient with lung 
cancer. (Courtesy J. William Charboneau.)
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ATHEROSCLEROSIS

The major cause of disease in human arteries is athero-
sclerosis.1 It is the main cause of cardiovascular diseases, 
including heart disease, cerebrovascular accident (CVA, 
stroke), hypertension, and peripheral vascular disease. It 
is a primary contributor to several other conditions, such 
as heart failure, arrhythmias (including atrial fibrilla-
tion), and cardiomyopathy. Cardiovascular disease 
(CVD) has been the leading cause of death in the United 
States every year since 1900 except during the 1918 flu 
epidemic.2

However, there has been progress. Death rates from 
CVD dropped 27.0% between 1995 and 2005.2 In 
2005, CVD was listed as the underlying cause of death 
in 856,030 deaths. In 2005, ischemic heart disease, 
when considered separately from other cardiovascular 
diseases, was still by far the single leading cause of  
death (445,687 deaths) in the United States.3 Stroke, 
when considered separately from other cardiovascular 

diseases, was the third leading cause (143,579 deaths). 
According to the American Heart Association (AHA), if 
all major forms of heart and blood vessel disease were 
eliminated, U.S. life expectancy would rise by almost  
7 years.4

Atherosclerosis is a complex process. It starts with 
injury to the endothelium, which results in increased 
permeability of the intima, allowing accumulation of 
low-density lipoprotein into the arterial wall.5 Inflamma-
tion results and plaque is produced, consisting of lipids, 
smooth muscle cells, fibrous tissue, macrophages, and 
calcium within the arterial wall.6,7 Hemorrhage may also 
be present within the plaque. Atherosclerotic plaque can 
cause decreased blood flow to target organs by narrowing 
the arterial lumen, which can result in ischemic signs and 
symptoms such as claudication and erectile dysfunction 
(aortoiliac disease), hypertension and renal insuffi-
ciency (renal artery disease), and mesenteric ischemia 
(mesenteric artery disease).

The processes inherent in atherosclerosis are also 
believed to contribute to aneurysm formation. Although 
there are other causes of aneurysms, including cystic 
medial necrosis, trauma, and infection, atherosclerosis is 
believed to account for approximately 90% of abdominal 
aortic aneurysms.
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done electively than emergently. With this knowledge, 
AAA mortality can be greatly reduced.

Definition

There are many definitions of an arterial aneurysm.12 A 
general definition is an increase in the diameter of an 
artery of at least 50% compared to the normal diameter 
of that artery.8 For example, if a patient has an aorta that 
measures 2.2 cm in diameter, the aorta would be classi-
fied as aneurysmal at 3.3 cm. This definition can be 
difficult to apply to an abdominal aorta because it may 
not be clear what constitutes the normal aortic diameter 
in a specific patient.

The majority of AAAs are infrarenal. The most practi-
cal and common definition of infrarenal AAA specifies 
that an aneurysm is present when the infrarenal aorta has 
a diameter of 3.0 cm or greater. This definition works 
well in most situations. However, the definition can be 
insufficient, particularly in small patients. It should be 
remembered that an aorta measuring 2.5 cm in diameter 

ABDOMINAL AORTIC ANEURYSM

The abdominal aorta slowly tapers from the diaphrag-
matic hiatus to the aortic bifurcation (Fig. 12-1). Most 
of the tapering occurs in the proximal abdominal aorta 
as its largest branches (celiac, superior mesenteric, and 
renal arteries) arise. The normal size of the supraceliac 
abdominal aorta ranges from 2.5 to 2.7 cm in men and 
2.1 to 2.3 cm in women. The normal diameter of the 
infrarenal aorta ranges from 2.0 to 2.4 cm in men and 
1.7 to 2.2 cm in women.8

Mortality

Abdominal aortic aneurysm (AAA) is a common disease 
in the elderly population. Annually, 33,000 patients 
undergo elective repair in the United States.9 AAA 
rupture is a catastrophic event accounting for 8500 in-
hospital deaths per year.10 Many patients with ruptured 
aneurysms die before reaching a hospital. Of those 
admitted with rupture, many do not survive to go to 
surgery. Of those who have surgery, the 30-day operative 
mortality is 50%. The overall mortality of a ruptured 
AAA is in the range of 80%.10 Mortality for those under-
going elective repair is 3% to 5%.11 These facts suggest 
that the majority of deaths from AAA ruptures are pre-
ventable (Fig. 12-2).

Much research has been conducted on reducing mor-
tality from AAAs. Ultrasound screening has proved to be 
a cost-effective step. Medical therapies may reduce the 
rate of growth of AAAs once detected. For large aneu-
rysms, surgical or endovascular repair is much safer when 

FIGURE 12-1. Abdominal aorta anatomy. The 
abdominal aorta tapers from the aortic hiatus to the aortic bifurca-
tion. Much of the tapering occurs as it gives off its largest branch 
vessels: the celiac, superior mesenteric, and renal arteries.

Die; never make
it to OR 60%

RUPTURED

TREATED

Survive 20%

Survive 95%

Die; post
repair 20%

Die
5%

FIGURE 12-2. Abdominal aortic aneurysm (AAA) 
rupture: survival. Instead of the 20% of patients with a 
ruptured AAA who survive (green wedge), if AAA is treated before 
rupture, 95% survive.
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increase in diameter at a rate of 1.7 to 2.6 mm per year. 
This rate of growth increases as the AAA becomes 
larger.17 The rate of growth is faster in women.18,19

As the size of the AAA increases, the risk of rupture 
increases. Rupture is rare when the AAA is less than 
4.0 cm in diameter, with a 0.3% risk per year. The rate 
of rupture increases to 1.9% when the AAA is 4 to 5 cm 
and to 6.5% for AAAs 5.0 to 6 cm in diameter. Although 
data for larger aneurysms are conflicting, when the diam-
eter is greater than 6.0 cm, clearly the risk of rupture is 
significantly higher.20,21 Other risk factors for rupture 
include current smoking and chronic obstructive pulmo-
nary disease (COPD). In addition, the rupture rate for 
women is four times that of men.22 Rupture in women 
occurs in smaller aneurysms, although the exact amount 
of increased risk is not well quantified. Because smaller 
AAAs in women have a risk similar to larger ones in men, 
the recommendation is that elective treatment in women 
should occur at a smaller aneurysm size than in men.19 
Recommendations about how much smaller vary from 
3 mm to greater than 5 mm.

Current medical therapy is limited in its ability to 
prevent the growth of an AAA. Contradictory evidence 
surrounds whether smoking cessation23 and control of 
hypertension is effective in decreasing the rate of AAA 
growth. Statins and doxycycline may reduce the rate of 
aneurysm growth.24-26 Other promising medications in 
animal and in vitro studies include angiotensin II inhibi-
tors and anti-inflammatory medications.

Screening

Recent Studies

The malady of AAA meets the 10 World Health Orga-
nization (WHO) criteria for the institution of screening 
programs.27 Research has been extensive, particularly in 
Europe, on the effectiveness and cost-effectiveness of 
ultrasound screening for AAA. One large trial, the U.K. 
Multicentre Aneurysm Screening Study (MASS), docu-
mented a risk reduction of 42% in aneurysm-related 
deaths in a population of men age 65 to 74 years.28 The 

is properly called aneurysmal in a patient who has a 
more proximal aortic diameter measuring 1.6 cm.

Aneurysms that involve the renal arteries or the supra-
renal aorta are less common and usually occur with an 
aneurysmal thoracic aorta. AAAs that occur at or above 
the renal arteries are included in the Crawford classifica-
tion of thoracoabdominal aneurysms13 (Fig. 12-3). The 
literature almost exclusively uses the term “abdominal 
aortic aneurysm” to refer to infrarenal aneurysms.

Pathophysiology

Arteries have three layers: intima, media, and adventitia. 
The intima, the inner layer, is composed of the endo-
thelium and the internal elastic lamina, along with scant 
intervening tissue.1 The adventitia, the outer layer, con-
sists of connective tissue and carries nerves and the vaso 
vasorum.5

The media supplies much of the strength of the aorta 
and consists of elastin, collagen, smooth muscle cells, 
and extracellular matrix proteins. Elastin is only mini-
mally produced in adult humans. With age there is a 
progressive loss of elastin in the body. Specifically, an 
aneurysmal aorta has a significant decrease in elastin 
content.14 Destruction of elastin is mediated by enzymes 
such as matrix metalloproteinases (MMPs).15 Medica-
tions may be able to reduce the rate of elastin destruc-
tion, either by suppression of the MMPs or inhibiting 
other biochemical pathways, and show promise in reduc-
ing the rate of AAA growth.16 Statins and doxycycline 
are known inhibitors of MMP enzymes.

Natural History and  
Medical Therapy

Abdominal aortic aneurysm is a disease of elderly persons. 
AAAs are rare before age 50 and affect men four times 
more often than women. The risk of developing an AAA 
also increases with smoking and with a family history of 
AAA in a first-degree relative. Other factors that increase 
risk are a history of peripheral vascular disease, cardio-
vascular disease, and hypertension.17 AAAs typically 

FIGURE 12-3. Isolated aneurysms of 
the suprarenal abdominal aorta are 
rare. Most suprarenal AAAs will extend also to 
involve the thoracic aorta above the diaphragm. 
Isolated suprarenal AAAs are included in the 
Crawford classification of thoracoabdominal 
aneurysms. Longitudinal ultrasound scan shows 
isolated suprarenal abdominal aortic aneurysm 
measuring 5.5 cm in a patient with an abdomi-
nal aortic diameter of 1.45 cm.
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examined. The screening ultrasound has one of three 
results: positive, negative, or indeterminate. The number 
of expected indeterminate exams should be very low, 
much less than 5%.

There are currently two paradigms for ultrasound in 
the screening of AAAs. The first is embodied in the 
current guidelines issued by the American College of 
Radiology (ACR) and involves obtaining a full set of 
documentation images on every patient.33 When the 
screening examination is positive for AAA, the recom-
mended images are adequate to document aneurysm size 
accurately. The screening examination thus also serves as 
the first diagnostic exam. This type of screening exam is 
not very different from a full “diagnostic” examination 
and is probably the most common type in radiology 
departments performing high volumes of ultrasound.

The second paradigm has been used by several mobile 
companies offering aneurysm screening to the general 
population. These for-profit programs are prepaid by the 
individuals requesting screening; profit is based on doing 
a high volume of cases within a short time, keeping cost 
to a minimum. It is unclear whether adequate quality 
control mechanisms are in place for these exams, which 
often have only two possible results: positive and nega-
tive. Positive exams do not result in extension of the 
study to be diagnostic. Instead, a positive exam results 
in a recommendation to the patient to have a diagnostic 
evaluation. This allows the provider to save time and 
reduce cost.

The decreased cost of this type of examination offers 
a potential benefit. If the low cost of this type of service 
could be widely reproduced, and if the issue of quality 
control were addressed, screening that is both accurate 
and cost-effective could become available for a wider 
segment of the population.

Surveillance

Once an AAA is discovered, the patient moves from 
screening to a surveillance program, in which the aneu-
rysm size is periodically checked. Because an AAA tends 
to grow more rapidly as its size increases, there is general 
agreement that a smaller aneurysm needs to be checked 
less frequently than a larger one. Otherwise, however, 
consensus is lacking on frequency of sonographic surveil-
lance. Recommendations for assessing aneurysms less 
than 4.0 cm in diameter range from 1 to 3 years.34 For 
the U.K. Small Aneurysm Trial, Brady et al.35 concluded 
that surveillance could be performed at intervals of 36, 
24, 12, and 3 months for aneurysms of 35, 40, 45, and 
50 mm, respectively. Following this schedule, the risk of 
the AAA size on recheck being greater than 55 mm 
would be less than 1%. Achieving a 5% rate would 
require even less frequent surveillance.

Because of these results, our group’s aneurysm clinic 
has moved to new guidelines for the surveillance of aneu-
rysms. We now follow AAAs sonographically every 2 

study concluded that the cost per quality adjusted life 
year (QALY) was within the margin of acceptability for 
the British National Health Service.29 A Danish trial had 
a reduction of in-hospital mortality of 68% for a group 
screened for AAA, concluding that AAA screening with 
ultrasound was cost-effective.30 With few studies done, 
information on the utility of AAA screening in women 
remains inconclusive.27

A meta-analysis commissioned by the U.S. Preventive 
Services Task Force (USPSTF) combined analyses from 
a total of four studies, including the two European studies 
just mentioned. The study concluded that “for men age 
65 to 75, an invitation to attend AAA screening reduces 
AAA-related mortality.”31 Based on these results, in 2005 
the following recommendation was published32:

The USPSTF recommends one-time screening for 
abdominal aortic aneurysm (AAA) by ultrasonography in 
men aged 65 to 75 who have ever smoked.

Rationale: The USPSTF found good evidence that 
screening for AAA and surgical repair of large AAAs (5.5 cm 
or more) in men aged 65 to 75 who have ever smoked 
(current and former smokers) leads to decreased AAA- 
specific mortality. There is good evidence that abdominal 
ultrasonography, performed in a setting with adequate 
quality assurance (i.e., in an accredited facility with 
credentialed technologists), is an accurate screening test for 
AAA. There is also good evidence of important harms of 
screening and early treatment, including an increased number 
of surgeries with associated clinically significant morbidity 
and mortality, and short-term psychological harms. Based  
on the moderate magnitude of net benefit, the USPSTF 
concluded that the benefits of screening for AAA in men 
aged 65 to 75 who have ever smoked outweigh the harms.

The USPTF found that AAA mortality is also reduced 
by conducting screening for men with a negative smoking 
history. However, the magnitude of the mortality benefit 
was significantly smaller in nonsmokers, and the USPSTF 
concluded that the benefit did not clearly outweigh the 
negatives of screening (e.g., cost, anxiety of identified 
patients).32

Subsequently, the Screening Abdominal Aortic Aneu-
rysms Very Efficiently (SAAAVE) Act was passed by the 
U.S. Congress and signed on February 8, 2006. Since 
January 1, 2007, Medicare has covered a one-time, ultra-
sound screening to check for AAA in qualified seniors. 
Qualified patients are men with a history of smoking 
(i.e., those who have smoked more than 100 cigarettes 
total during their lives) and men and women with a 
family history of AAA in a first-degree relative. To be 
covered, patients must undergo the AAA screening study 
as part of the Welcome to Medicare Physical Exam 
(WTMPE) and complete the screening within the first 
6 months of Medicare eligibility.

Ultrasound Approach

Screening for AAA must have high sensitivity. It is man-
datory that the entire infrarenal abdominal aorta be 
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be taken in the plane of the aneurysm’s eccentricity  
to find the largest diameter of the aneurysm (Figs. 12-6 
and 12-7).

We routinely image patients from two windows: the 
anterior abdominal midline, which allows imaging of 
the maximum length of the abdominal aorta, and the 
left flank, with the patient in the right lateral decubitus 
position. The middle and distal abdominal aorta is often 
better seen in this position, particularly with an obese 
patient. The proximal common iliac arteries may also be 
better seen in this position.

We obtain longitudinal and transverse cine loops from 
an anterior window and from a left lateral window. The 
longitudinal cine loops allow for easy remeasurement 
of the aorta. The transverse cine loops allow the review-
ing physician to determine whether there is eccentricity 
of the aneurysm.

Computed Tomography

Computed tomography (CT) has a limited role in AAA 
screening and surveillance but should be used in any of 
the following situations:
1. The patient is so obese or otherwise difficult to 

image that whether the aneurysm may be eccentric 
cannot be determined with reasonable certainty on 
initial scanning. Once the aneurysm is shown to be 
fusiform, performing some or even most of the 
further surveillance with ultrasound is probably 
reasonable.

2. The aneurysm is known to be eccentric, and the 
area of eccentricity is not optimally seen with 
ultrasound.

3. The patient is acutely symptomatic (including 
emergency room patients).

4. Portions of the iliac arteries that are known to be 
aneurysmal are not well seen.

years when the aneurysm is less than 40 mm, every year 
for aneurysms 40 to 44 mm, and every 6 months once 
the aneurysm reaches 45 mm. As experience with sur-
veillance programs progresses, we likely will follow AAAs 
even less frequently.

Surveillance of aneurysms lends itself well to being 
followed by a database. Our interventional radiology 
clinic started a database in 2003 to follow AAAs.36 The 
service is offered to referring physicians of patients with 
known AAAs of any size, and patients are entered into 
the database as desired by the referrer. The clinic then 
orders all subsequent aortic ultrasounds and monitors all 
results. We found that primary care physicians are very 
receptive to the service. Patients are seen once in our 
interventional radiology clinic so that they can meet the 
physicians and advanced-practice nurses involved and 
can be informed about their disease, its treatment, and 
how their aneurysm is to be followed. After that first 
visit, all communication is by phone and by mail. The 
database is monitored periodically to make sure patients 
keep their appointments. When the aneurysm approaches 
treatment size, 4.5 cm in greatest diameter, patients 
again begin to be seen regularly in the clinic.

Sonographic Technique

Pertinent history should be obtained when doing surveil-
lance on a known aneurysm. Questions of interest are 
whether the patient has back and/or abdominal pain or 
tenderness. These symptoms are considered an indica-
tion for aneurysm treatment.

The following principles apply both to screening 
examinations and studies for surveillance. Evaluation of 
the entire infrarenal aorta is necessary. Identifying the 
aortic bifurcation guarantees that one has seen far 
enough distally. By identifying the celiac, superior mes-
enteric, or renal arteries or the aortic hiatus of the dia-
phragm, one can guarantee that the proximal examination 
has been carried high enough. Images should be obtained 
in both transverse and longitudinal planes. The goal is 
to find the maximum diameter of the aorta, measured 
from outer edge of the wall to outer edge of the opposite 
wall. Measurements should be taken perpendicular to 
the axis of the lumen of the aorta. To guarantee that the 
measurement is perpendicular, longitudinal images are 
often best at obtaining the most accurate measurements 
(Fig. 12-4).

Most infrarenal aneurysms are fusiform in shape with 
a relatively circular cross section. With a fusiform aneu-
rysm, measurement of its size taken from any longitudi-
nal plane through the aorta will be the same (Fig. 12-5). 
The walls of the aorta are generally well seen with lon-
gitudinal imaging because they are parallel to the face of 
the transducer, resulting in a strong echo from the walls. 
Transverse imaging is particularly important to identify 
the smaller proportion of aneurysms that are eccentric. 
If the aneurysm is eccentric, the measurement must 

FIGURE 12-4. Measuring abdominal aorta. AAA 
measurements from longitudinal images are usually the most accu-
rate, taken perpendicular to the lumen. The measurement includes 
both the front and the back walls, which generally are well seen.
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not become aneurysmal until it reached approximately 
3.2 cm in diameter, whereas the larger supraceliac aorta 
would not be aneurysmal even at 4.0 cm.

The second circumstance where we have seen several 
false-positive studies is when the spine is mistaken for the 
posterior wall of the aorta. This is particularly likely to 
occur when visualization is poor, as in a very obese patient. 
The true posterior wall of the aorta may then be difficult 
to determine. Usually, transverse imaging or imaging 
from the left flank will help define the true posterior wall 
to help determine if an aneurysm is present (Fig. 12-8).

False-negative studies may occur if visualization of 
the infrarenal aorta is incomplete. If the entire infrarenal 
aorta is well seen in longitudinal imaging, one can 
exclude the presence of a fusiform aneurysm, the most 
common type of AAA. However, if the entire infrarenal 
aorta is not well seen in the transverse plane, an eccentric 
aneurysm is not excluded (see Figs. 12-6 and 12-7).

5. The AAA is suspected to be an inflammatory AAA 
(described later) and has not yet been imaged with 
CT.

6. The aneurysm is suspected of having reached a size 
at which treatment planning is needed.

False-Positive/False-Negative 
Results

Screening for aortic aneurysm should be highly accurate. 
Nonetheless, we have encountered two sets of circum-
stances where it is possible to have a false-positive study. 
The first can happen when the aorta at the diaphrag-
matic hiatus measures 3.0 cm or greater and is mistak-
enly called “aneurysmal.” The normal size of the 
supraceliac aorta is 2.1 to 2.7 cm.8 Using a definition 
of aneurysm that requires the diameter to be 1.5 times 
or more the normal diameter, a small aorta would  

A B

FIGURE 12-5. Most abdominal aortic aneurysms are fusiform. With this configuration, the AAA is circular in cross 
section. A, Longitudinal, and B, transverse, gray-scale sonograms show measurement of the AAA.

A B

FIGURE 12-6. Aorta with saccular aneurysm. A, Viewed in the longitudinal plane, the aorta appears normal. B, Transverse 
imaging of the aorta is required to reliably detect this type of aneurysm. With a saccular aneurysm, unless a longitudinal image can be 
obtained in the plane of the greatest diameter of the aorta, transverse imaging must be used to measure the greatest diameter.
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FIGURE 12-7. Small aortic aneurysm just reaching 
3.0 cm. A, Longitudinal scan. Note that AAA was incorrectly 
measured from inner wall to inner wall instead of the correct 
method, which is outer wall to outer wall. B, The patient was lost 
to follow-up of the aneurysm. He returned 6 years later with a 
6-week history of abdominal/back pain. The aneurysm was inci-
dentally rediscovered during the course of abdominal ultrasound. 
On longitudinal imaging, the aneurysm had moderately increased 
in size (4.6 cm). C, Transverse view shows that the aortic lumen 
is actually larger and now is extremely eccentric, with a largest 
aortic diameter of 7.3 cm. D, Transverse sonogram, and E, recon-
structed CT image, show the dramatic eccentricity of the aneu-
rysm. In retrospect, the patient’s abdominal/back pain had been 
the result of a contained perforation of the aneurysm.
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sound probably no longer has such a place at most 
institutions. The near ubiquitousness of high-speed mul-
tidetector CT scanners has made CT diagnosis extremely 
rapid. CT has a number of other advantages in compari-
son to ultrasound. CT is diagnostic of AAA in all cases, 
is highly diagnostic of retroperitoneal bleeding associated 
with aneurysm rupture, and is not operator dependent.

Because of these factors, obtaining a formal ultra-
sound in patients with an emergent need for diagnosis 
in most settings is probably unwise. If the patient has a 
ruptured AAA, time is of the essence, and the patient 
needs the most complete information possible obtained 
in a reliable way. Performing ultrasound risks wasting 
precious minutes that may be the difference between 
patient survival and death (Fig. 12-9).

Treatment Planning

Computed tomography angiography (CTA) is generally 
the most appropriate imaging method for AAA treat-
ment planning. The distance of the renal arteries from 
the top of the aneurysm and the presence of accessory 
renal arteries and their location are important. If the 
patient is being considered for endoluminal grafting, 
knowledge of the three-dimensional (3-D) anatomy of 
the aneurysm and visualization of the iliac arteries are 

FIGURE 12-8. False-positive abdominal aortic 
aneurysm. The deep cursor has been placed on the echo caused 
by the lumbar spine, posterior to the aorta. This can easily cause 
a false-positive exam, most often when visualization is poor because 
of obesity. Transverse imaging can usually detect the error.

A B

C D

FIGURE 12-9. Ruptured abdominal aortic aneurysm. The use of both A, ultrasound, and B, CT, in suspected rupture of 
AAA should be avoided because of the addition of time for the workup, in this case 45 minutes (white arrows). CT is preferred in this 
setting because it can usually be done expeditiously and more reliably answers the pertinent questions. C, Transverse ultrasound, and D, 
contrast CT show the same AAA visualized at the site of rupture. The patient did not survive.

Ultrasound versus CT  
for Evaluation of Rupture

As previously mentioned, rupture of aortic aneurysms is 
catastrophic, very often resulting in the patient’s death. 
Although it played a role in the rapid diagnosis of rup-
tured AAAs in the emergency room 25 years ago,37 ultra-



Chapter 12 ■ The Retroperitoneum  455

Ultrasound has a larger, potentially much larger, role 
to play after repair of aortic aneurysms with endoluminal 
grafting. Current recommendations include lifelong 
imaging surveillance for endoleaks in patients who have 
undergone endoluminal grafting for AAA.38 An endoleak 
is an area of the AAA that has been excluded by the 
endoluminal graft (ELG) that nonetheless continues to 
have blood flow. There are four types of endoleaks, cat-
egorized by four different sources of blood flowing into 
the aneurysmal sac (Fig. 12-10). Egress of blood from 
the sac is usually through patent aortic branches in all 
types of endoleak.

With a type 1 leak, one of the ends of the ELG is not 
tightly apposed to the arterial wall, allowing blood to 
enter the aneurysmal sac. A type 2 leak is caused by 
retrograde flow into the aneurysm sac through an aortic 
branch, usually the IMA or a lumbar artery. In a type 3 
leak, there is disruption of the integrity of the ELG, 
caused by a fabric tear or a separation of component 
parts of the modular ELG. A type 4 leak is caused by 

critical. In addition, evaluation of the mesenteric arteries 
is of value to determine whether reimplantation of the 
inferior mesenteric artery (IMA) is needed. All this infor-
mation is most reliably obtained with CTA.

Postoperative Ultrasound 
Assessment

After open surgical repair of an aortic aneurysm, imaging 
surveillance generally is not performed. However, 
imaging is used to assess postoperative complications, 
including thrombosis, infection, stenosis (graft kink, 
neointimal hyperplasia, atherosclerosis), and anasto-
motic pseudoaneurysm. Ultrasound may play a role in 
the diagnosis of any of these complications. Another 
complication is aortoenteric fistula, generally to the 
third portion of the duodenum, which is potentially 
catastrophic and presents most often with upper gastro-
intestinal bleeding. Ultrasound does not play a role in 
the diagnosis of aortoenteric fistula.

ENDOLEAKS

BA

C D

Type 3 
Defect in graft or

modular disconnection
Type 4

Fabric porosity

Type 1
Attachment leak

Type 2
Branch flow

FIGURE 12-10. Endoleaks of abdominal 
aortic aneurysm after endoluminal graft 
(ELG) repair. A, Type 1 leak (attachment leak). 
Blood continues to enter the aneurysm sac at one of the 
three ends of the bifurcated ELG, the points where the 
ELG should be tightly affixed to the arterial wall. Egress, 
as with all endoleaks, is through branches of the aorta 
that remain patent. Treatment of type 1 leaks is indi-
cated. Type 2 leak (branch artery leak). Blood enters 
the aneurysm sac through a patent branch artery. This 
type of leak can be self-limited and may be only 
observed. Treatment is indicated if the aneurysm 
enlarges. B, Type 3 leak (loss of integrity of ELG). 
Either the modules of the ELG have become separated 
or a rent has formed in the fabric of the ELG. Blood 
enters the sac from the ELG lumen through the site of 
loss of ELG integrity. Treatment is indicated. Type 
4 leak (fabric porosity). Blood enters the sac from 
the ELG lumen through intact cloth of the ELG. This 
is self-limited and present only at surgery. The pores  
of the fabric quickly become occluded by blood 
products.
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Because of the possibility of endoleaks, AAAs treated 
with ELGs undergo routine imaging surveillance. 
Imaging most often includes yearly, contrast-enhanced, 
multiphase CT examinations. This regular imaging 
greatly increases cost and exposes patients to contrast and 
significant radiation. Color duplex Doppler sonography 
alone can be used to visualize endoleaks (Fig. 12-11). 
Although clearly controversial, several studies suggest 
that standard color duplex Doppler ultrasound compares 
favorably with CT in the detection of leaks and may be 
the preferred method of surveillance.42,43 Studies com-
paring contrast-enhanced duplex with standard color 
duplex have found the addition of contrast improves the 
quality of the study. Several studies suggest that contrast-
enhanced ultrasound (CEUS) is at least as sensitive as 
CT for the detection of endoleaks44,45 (Fig. 12-12). The 
issue is still a topic of research, although with more 
experience, duplex CEUS likely will play a significant 
role to play in AAA endoluminal graft surveillance.

OTHER ENTITIES CAUSING 
ABDOMINAL AORTIC DILATION

Inflammatory Abdominal  
Aortic Aneurysm

Inflammatory AAAs constitute approximately 5% of all 
AAAs.46 According to some investigators, inflammatory 
AAA is likely related to retroperitoneal fibrosis (see later 
discussion), with both included as part of a classification 
referred to as chronic periaortitis.47 Inflammatory AAAs 
are recognized by extremely thickened aortic wall and 
surrounding fibrosis that tends to spare the posterior 
wall. As in retroperitoneal fibrosis, the inflammation 
may involve the ureters, causing obstruction. Inflamma-

FIGURE 12-11. Inferior mesenteric artery (IMA) 
type 2 leak. Color duplex Doppler imaging from the left flank 
in this obese patient successfully decreased the distance to the 
IMA. Note the to-and-fro flow in the IMA.

A B

FIGURE 12-12. Endoleak after contrast injection. A, Ultrasound image, and B, comparison CT, correlate perfectly. (Courtesy 
Stephanie Wilson, MD.)

porosity of the ELG fabric with blood actually going 
through the pores in the fabric. This is seen only early 
after placement and is self-correcting. The term endo-
tension refers to an aneurysm sac that stays pressurized 
in the presence of an ELG. This is sometimes referred 
to as a “type 5” endoleak. Its presence is inferred by 
continued growth in the aneurysm sac size in the absence 
of detecting another type of leak.39,40

With an endoleak, a treated aneurysm may continue 
to grow and eventually rupture. Endoleaks occur in 
approximately one third of AAAs treated with ELGs.41 
Types 1 and 3 endoleaks require immediate treatment 
when diagnosed. Type 4 endoleaks are generally seen 
only during placement of the graft and are self-limited, 
requiring no treatment. More judgment is involved in 
the care of type 2 leaks. Small leaks may be watched over 
time to see if they resolve and whether expansion of the 
aneurysm occurs.41



Chapter 12 ■ The Retroperitoneum  457

a pseudoaneurysm is a dilation that may be confined by 
only two layers, only one layer, or only adjacent soft 
tissue.5 In the abdominal aorta, a pseudoaneurysm would 
be most likely to occur as a late surgical complication of 
aortic aneurysm repair or of other arterial surgery, almost 
always at sites of anastomosis. Sonographically, the 
appearance often is similar to a true aneurysm. With the 
proper findings, the diagnosis of pseudoaneurysm versus 
true aneurysm is largely made based on the clinical 
setting (e.g., previous trauma or aneurysm repair).

Penetrating Ulcer

Penetrating ulcer has been recognized for approximately 
20 years. It is believed to result when an atherosclerotic 
ulceration penetrates the media, allowing an intramural 
hematoma to form.48 This outpouching into the media 
can either develop or maintain flow, forming an aneu-
rysmal-type structure. Penetrating ulcers occur more 
frequently in the thoracic aorta but are also seen in the 
abdominal aorta49 (Fig. 12-14).

tory AAAs are less prone to rupture than other AAAs but 
are more prone to producing symptoms such as back 
pain. Anti-inflammatory drugs, including steroids and 
methotrexate, may be used to treat the inflammation.47 
With surgical or endovascular treatment, the inflamma-
tion surrounding many AAAs resolves. Sonographically, 
inflammatory AAAs may be recognized by a rind of 
tissue surrounding the aorta (Fig. 12-13).

Arteriomegaly and Aortic Ectasia

Arteriomegaly is diffuse arterial dilation involving 
several arteries, each with an increased diameter of at 
least 50% compared with the normal diameter. Ectasia 
refers to diffuse or focal dilation that is less than 50% 
increased in diameter.8

Pseudoaneurysm

A true aneurysm is a dilation of an artery that is con-
tained by all three layers of the arterial wall. In contrast, 

A B
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FIGURE 12-13. Inflammatory abdominal aortic 
aneurysm. Suspected inflammatory AAA with a rind of tissue 
approximately 7 mm in thickness projecting outside the anterior 
and lateral walls of the abdominal aorta (arrows). A, Longitudinal, 
and B, transverse, sonograms. C, Diagnosis confirmed by CT, 
which shows a mildly enhancing rind of tissue outside the aorta. 
Note that the posterior wall is spared.
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is used more broadly to refer to all the signs and symp-
toms that may result from aortic occlusive disease or even 
the occlusion itself. In the great majority of patients with 
aortic stenosis or occlusion, the disease is caused by 
atherosclerosis. However, certain clinical settings suggest 
other causes.

With embolic disease, the dramatic abruptness of the 
onset of symptoms is the best historical evidence of the 
nature of the event. The patient can often relate exactly 
what he or she was doing when the symptoms started, 
even if the event was weeks in the past (e.g., “I had just 
gotten up from cutting roses . . .”). The rapidity with 
which the patient seeks treatment depends on the sever-

STENOTIC DISEASE OF  
THE ABDOMINAL AORTA

Stenosis or occlusion of the abdominal aorta can be 
congenital or may be caused by atherosclerosis, vas-
culitis (arteritis), trauma, or embolus. Dissection 
may also result in stenosis. Midaortic syndrome is a 
rare congenital stenosis that is also called abdominal 
coarctation.

Symptoms of aortic stenosis or occlusion may include 
intermittent claudication and impotence. These symp-
toms, along with the finding of decreased femoral pulses, 
are called Leriche syndrome, although the term is often 
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FIGURE 12-14. Penetrating ulcer. A, Longitudinal image shows an outpouching of the aorta with an otherwise relatively normal 
abdominal aorta. B, CT at level of outpouching. The rest of the aorta was not dilated and had no more than minimal atherosclerosis. C 
and D, Angiography images before and after placement of an endoluminal graft.
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arteries. The main renal arteries are the only large lateral 
branches of the abdominal aorta.

When seen in cross section, viewing the aorta as if it 
were the face of a clock, the right renal artery arises from 
the aorta between the 9 and 11 o’clock positions. It then 
courses posterior to the inferior vena cava. The left renal 
artery most commonly arises between the 3 and 4 o’clock 
locations. The left renal artery typically arises directly 
posterior to the left renal vein.52

In most cases, a single renal artery supplies each 
kidney. In 30% of kidneys, however, one or both kidneys 
are supplied by two or more arteries.53 When there are 
two renal arteries, the smaller artery is an accessory 
artery. Accessory arteries most often arise within 1 to 
2 cm of the main renal artery. However, they may arise 
anywhere from the SMA to, in rare cases, as far distal as 
the common iliac arteries. Some accessory arteries do not 
enter the kidney at the hilum and instead enter the 
kidney at one of the poles. These accessory arteries are 
referred to as polar arteries.

Other arteries that can occasionally be confused for 
an accessory renal artery are the lumbar arteries. Occa-
sionally seen near the abdominal aorta, lumbar arteries 
are small and arise more posteriorly than accessory renal 
arteries (Fig. 12-16). Lumbar arteries can be properly 
identified by their very-high-resistance waveform, similar 
to that in an extremity artery of a person at rest. Lumbar 
arteries can sometimes be identified by their course as 
they hug the vertebral body, coursing sharply posteriorly 
along the lateral vertebral bodies.

In renal anomalies such as crossed-fused ectopia or 
horseshoe kidney (see Chapter 9), the arterial supply is 
highly variable, making thorough duplex evaluation of 
the arteries challenging.54,55

Renal Artery Stenosis and  
Renovascular Hypertension

Recent data from the U.S. Department of Health and 
Human Services indicates that 31.3% of the population 
age 20 and older either have hypertension or are being 
treated for hypertension.56 More than 90% of cases do 
not have a clear cause.57 A minority of cases are caused 
by decreased arterial blood supply to the kidneys, activat-
ing the renin-angiotensin system that, through a complex 
series of events, results in elevated blood pressure. This 
mechanism causes only 1% to 5% of hypertension, but 
with the high prevalence of hypertension, the number of 
patients with renovascular hypertension is high.58 Screen-
ing for renovascular hypertension is most appropriate in 
the presence of certain clinical features.

Treatment of renovascular hypertension caused by 
renal artery stenosis typically is endoluminal with percu-
taneous transluminal angioplasty or stent placement. 
The use of endovascular stenting has risen dramatically. 
Between 1996 and 2000, the volume of renal artery stent 
placement increased by 240%,59,60 and it continues to 

ity of the reduction in blood flow. Embolus to any artery 
must be viewed as a very serious and signal event. The 
majority of emboli to the abdominal aorta come from 
the heart. Having an arterial embolism of any type is 
similar to having a pulmonary embolism; having one 
means that the patient is at risk for having more. If the 
origin of the embolus was cardiac, the next one that 
forms may go to some less favorable place, such as the 
cerebral circulation, resulting in stroke, or to the mesen-
teric circulation, resulting in intestinal infarction. The 
workup of any patient identified as having an embolus 
should be expeditious, and anticoagulation is usually  
in order, at least until the source is determined and 
addressed.

Takayasu arteritis is a cause of aortic stenosis and is 
of particular note because it may occur in younger 
patients. It can affect the abdominal aorta or its 
branches.50 Takayasu arteritis can present with symptoms 
resulting from aortic stenosis or branch vessel stenosis.

Posttraumatic aortic stenosis can occur in patients 
of any age, including younger patients. The initial aortic 
injury results from a forceful, nonpenetrating injury to 
the abdomen.51 The resulting intimal injury can cause 
subintimal fibrosis, which can result in stenosis.

Isolated dissection of the abdominal aorta is rare. 
Involvement of the abdominal aorta more frequently 
results from extension of thoracic dissection, which can 
result in obstruction of the abdominal aorta or branch 
arteries.

In most cases of suspected aortic stenosis, we prefer to 
evaluate the aorta with CTA instead of duplex. Peripheral 
vascular disease is first confirmed in the patient by obtain-
ing ankle brachial indices (ABIs) before and after exercise 
with or without arterial duplex sonography of the lower 
extremities. The next step in the workup is to obtain a 
map of the arteries supplying blood flow to the lower 
extremities to direct treatment. Maps of the arterial tree 
are more easily and reliably obtained either by CTA or 
by conventional catheter angiography than with duplex.

However, situations still arise in which aortic or iliac 
duplex Doppler sonography is indicated to assess for 
stenotic disease (Fig. 12-15). Several windows are neces-
sary to complete an entire examination of the aorta and 
iliac arteries. Maintaining a proper Doppler angle of 60 
degrees or less can be difficult.

DISEASES OF ABDOMINAL  
AORTA BRANCHES

Renal Arteries

Anatomy

The renal arteries arise distal to the superior mesenteric 
artery (SMA). Usually, they arise within 1-2 cm of the 
SMA but can originate as far distally as the common iliac 
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Many articles support the use of renal artery duplex 
Doppler in the diagnostic evaluation of renovascular 
hypertension.64-66

To be a good first-line test, renal artery duplex Doppler 
sonography must have high sensitivity and accuracy. 
Utility is greatest when there is proper clinical screening 
of patients for the test so that the pretest probability is 
higher than that of the hypertensive population as a 
whole. Performing the test must also be practical for 
ultrasound laboratories. A learning curve clearly exists, 
and while on the learning curve, the exam may suffer 
from inaccuracy or be unusually prolonged. The exam 
is probably best done in facilities capable of high volume, 
where it is practical to periodically monitor results 

increase. Many patients clearly benefit from endoluminal 
treatment of renal artery stenosis, but many others do 
not benefit, and a significant number even worsen when 
treated. Which patients should receive treatment still 
depends on clinical judgment.60-62

Many radiologic tests are available to assess for renal 
artery stenosis, including conventional angiography, 
CTA, magnetic resonance angiography (MRA), capto-
pril scintigraphy, and renal artery duplex Doppler sonog-
raphy. Opinions differ regarding the most advantageous 
strategy for using these tests.58,63 The advantages of renal 
artery duplex Doppler sonography include low cost and 
the ability to achieve diagnostic information in almost 
all patients, regardless of the degree of renal function. 

A B

C D

FIGURE 12-15. Stenotic aortic bifurcation. A, Duplex Doppler sonogram shows velocity of greater than 500 cm/sec at stenosis 
at the aortic bifurcation. Proximal to the stenosis, the aortic velocity varied from 35 to 50 cm/sec. B, CTA shows very focal stenosis of 
the abdominal aorta at its bifurcation. C, Angiography shows severe stenosis. D, Stenosis treated with “kissing” stents with good result.
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100 arteries, 20 were in obese patients (BMI ≥30) and 
four in extremely obese patients (BMI ≥40). 30 arteries 
were in overweight patients (BMI ≥25), and 46 were in 
patients of normal weight. We were able to complete a 
technically adequate examination in 96 of the 100 arter-
ies. Of the four arteries with failed studies, three were in 
overweight patients, and one was in a patient of normal 
weight. All 24 arteries of the obese or morbidly obese 
patients were successfully studied.

Our technologists routinely score the quality of the 
duplex sonography of each renal artery on a 5-point 
scale. All examinations graded 2 or higher are considered 
diagnostically adequate; the entire extrarenal portion of 
the artery has been successfully interrogated. Table 12-1 
lists quality score averages for the 100 arteries of our 
study. Our experience shows that renal duplex Doppler 
sonography can be completed successfully in most obese 
patients (Fig. 12-17).
Causes of Renal Artery Stenosis. The most common 
causes of renal artery stenosis in adults are atherosclerosis 
and fibromuscular dysplasia.67 Atherosclerotic disease 
most often occurs in the proximal third of the artery, 
often at the origin of the artery67 (Fig. 12-18). Percutane-
ous transluminal angioplasty alone has had mixed results 
in the treatment of atherosclerotic disease. In lesions that 
are at the origin of the artery, there tends to be a tre-
mendous elastic recoil that allows the balloon to be 
inflated fully, but causes the artery to revert quickly to 
its stenotic state on deflation of the balloon. The devel-
opment of stents has changed the situation by allowing 
the artery to be scaffolded. After stenting, there remains 
a risk of restenosis secondary to neointimal hyperpla-
sia.64,68 Restenosis is seen in 16% of patients between 6 
and 12 months post-stenting69 and is yet higher for 
patients followed for longer than one year. Because of 
the relatively low cost, lack of iodinated contrast, and 
high accuracy, renal artery duplex Doppler sonography 
is an ideal method to follow stented arteries.

Fibromuscular dysplasia (FMD) is the second most 
common cause of renovascular hypertension and typi-
cally occurs in women age 20 to 50 years. Multiple 
pathologic subtypes are seen; the most common FMD 
in the renal arteries is medial fibroplasia.70,71 Histologi-
cally, these lesions are characterized by fibromuscular 
ridges.72 The lesions most often occur in the distal two 
thirds of the renal artery and often have an angiographic 
appearance suggestive of a thin, fibrous web. The classic 
appearance on angiography is the “string of pearls,” 
caused by multiple dysplastic regions in a row with short 
areas of post-stenotic dilation immediately distal to each 
stenosis (Fig. 12-19). FMD often responds well to simple 
percutaneous transluminal angioplasty. A single treat-
ment often is effective in controlling blood pressure and 
is enduring.73 Stent placement is rarely needed for FMD.

Another cause of impaired blood flow to the kidney 
that may result in renovascular hypertension is dissec-
tion. If the dissection extends to the renal artery, the 

versus the results of conventional angiography, CTA, or 
MRA. Such monitoring is invaluable for advancing on 
the learning curve and in raising the confidence in the 
examination. Once technologists are proficient in the 
examination, it can be performed fairly rapidly.

Feasibility of the examination in obese patients is also 
a concern. A few years after starting our duplex Doppler 
sonography program, we studied a total of 100 consecu-
tive main renal arteries (50 patients), recording the body 
mass index (BMI) of each patient (unpublished data, 
2002, Saint Francis Medical Center, Peoria, Ill). Of the 

FIGURE 12-16. Lumbar arteries. Color Doppler sono-
gram of one set of the paired lumbar arteries shows their typical 
posterior origins (arrows).

CLINICAL FINDINGS IN PATIENTS 
WITH HYPERTENSION THAT 

INCREASE PROBABILITY  
OF RENOVASCULAR CAUSE  
(RENAL ARTERY STENOSIS)

History of peripheral vascular disease, 
cerebrovascular disease, or coronary artery 
disease.

Recent onset of hypertension.
Refractory hypertension (not responsive with at 

least three medications).
Malignant hypertension (with papilledema) or 

accelerated (without papilledema but usually 
with fundus changes).

Abdominal or flank bruit.
Elevated creatinine and/or cholesterol levels (even 

higher suspicion if increased creatinine levels 
after treatment with angiotensin-converting 
enzyme [ACE] inhibitor).

Unexplained congestive heart failure or acute 
pulmonary edema.

Data from Safian RD, Textor SC. Renal-artery stenosis. N 
Engl J Med 2001;344:431-442; and Krijnen P, van Jaarsveld 
BC, Steyerberg EW, et al. A clinical prediction rule for renal 
artery stenosis. Ann Intern Med 1998;129:705-711.
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either by stenting of the narrowed artery or by fenestra-
tion of the dissected intima74 (Fig. 12-20).

Embolus can result in abruptly impaired blood flow 
to some or all of a kidney. The patient frequently com-
plains of flank pain. Diagnosis often is delayed, resulting 

raised intimal flap in the aorta may partially or com-
pletely occlude the renal artery orifice. Alternatively, if 
the dissection extends into the renal artery, the raised 
intima may cause stenosis or occlusion within the artery 
itself. Endovascular treatment is frequently successful 

A B

FIGURE 12-17. Renal artery duplex Doppler ultrasound in an obese patient. A, Photograph of patient (height, 5 ft 
7 in; weight, 290 lb; BMI, 45.4). B, Image of right renal artery origin from the same patient. Imaging from the right flank, the origin of 
the artery is 13.5 cm from the transducer.

A B C

FIGURE 12-18. Atherosclerotic stenosis near origin of renal artery (arrow). A, Angiogram. B, Single image during 
stent deployment. Because of elastic recoil, atherosclerotic lesions near the renal artery origins usually require stent placement. C, After 
stenting, the previously stenotic area is greatly improved.

TABLE 12-1. SUCCESS OF RENAL ARTERY DUPLEX BY PATIENT BODY HABITUS

WEIGHT CATEGORY
NUMBER OF ARTERIES 

EXAMINED
NUMBER OF ARTERIES 
WITH FAILED EXAM

MEAN DUPLEX 
QUALITY SCORE

Extremely obese (BMI ≥40) 4 0 4.00
Obese (BMI ≥30 and <40) 20 0 4.30
Overweight (BMI ≥25 and <30) 30 3 4.00
Normal (BMI <25) 46 1 4.61

BMI, Body mass index.
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velocity, causing a portion of the artery to remain filled 
with color throughout the cardiac cycle. At our facility, 
we do not screen by looking for aliasing, because we 
typically have the color scale set low to increase our 
ability to see the artery. This causes aliasing to occur in 
much of the artery, making it less useful as a screen but 
improving the ability to see the entire artery.

We set the wall filter low. Color gain is often set 
high. When necessary, power output is increased to  
aid visualization. On machines allowing control of the 
ensemble packet size, we set it to the highest size possible 
to increase sensitivity of flow detection. Maintaining  
an adequate frame rate (>10 frames/sec) is important. 
We keep the frame rate adequate by making the color 
window as narrow as reasonably possible. We also 
decrease the line density of the image and the sector 
width of the transducer. Our pictures of the renal artery 
often are not “pretty” because of the aliasing and the 
high color gain. Our goal, however, is to see the artery. 
With these settings, we can see the entire extrarenal 
portion of the artery in almost all patients, regardless  
of size.

We generally use a 5-2 or 5-1 curvilinear transducer 
(Phillips I-22 or HDI 5000). Some of our technologists 
prefer to use a phased array 4-1 or 5-1 transducer. With 
thin patients, interrogation from the anterior midline is 
likely to be successful. At our facility, however, the flank 
approach is most often used; it has a higher probability 
of seeing the entire renal artery in obese patients. Also, 
achieving an acceptable Doppler angle of less than 60 
degrees is easier from the flank. Breath holding is often 
used, although it does not work well in many patients, 
either because the patient is dyspneic, or because of a 
slow but steady cephalad drift of the kidneys, which 
occurs in some patients despite breath holding. Even 
without breath holding, the examination often is 
successful.

When possible, we avoid examining patients who are 
in heart failure, who have acute dyspnea, who have 

in irreversible damage to the kidney involved. Revascu-
larization of the kidney is unlikely to result in full return 
of function if delayed more than 90 minutes.75

Renal artery stenosis can also occur in children; FMD 
is the most common cause. Neurofibromatosis and 
vasculitis can also cause renal artery stenosis in chil-
dren.76 Midaortic syndrome, which is a hypoplasia of 
the abdominal aorta, can also result in reduced renal 
blood flow. Aortic coarctation most commonly is discov-
ered in other ways but, if not recognized, also will cause 
renovascular hypertension (Fig. 12-21).

Renal Artery Duplex  
Doppler Sonography

When performing renal artery duplex Doppler sonogra-
phy, it is critical to interrogate the entire extrarenal 
portion of the artery. The examination should not be 
considered adequate unless the entire extrarenal portion 
of the main renal artery is seen and interrogated by 
Doppler every 2 to 3 mm. Accessory arteries and large, 
early extrarenal branches of the main renal artery are also 
similarly assessed. Even then, stenoses in accessory arter-
ies or branch renal arteries may be missed. Fortunately, 
nonvisualization of branch arteries or accessories is 
unlikely to affect patient management.77,78

Visualization of the renal artery is the key to successful 
ultrasound interrogation. At our institution, patients are 
prepared by eating a bland, low-fiber diet the day before 
and taking nothing by mouth (NPO) after 7 pm the 
night before. We ask them to avoid caffeine, smoking, 
and dairy products. The sonographic examination is sig-
nificantly easier with a prepped patient.

Color Doppler sonography is usually necessary for 
visualization of the entire extrarenal portion of the artery. 
Rarely, however, the right renal artery can be seen better 
without color Doppler, using the liver as a window. 
Color Doppler sometimes makes the site of stenosis 
obvious because of a color bruit or increased diastolic 

A B C

FIGURE 12-19. Fibromuscular dysplasia (FMD): angiography. A, Note the “string of beads” appearance, most often in 
the distal two thirds of the renal artery (arrow). B, FMD generally responds well to balloon angioplasty. C, After balloon angioplasty, the 
appearance of the artery is improved.
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FIGURE 12-20. Aortic dissection with raised intima in lumen of aorta. A, Ultrasound of the proximal abdominal 
aorta in 30-year-old cocaine user. B, Duplex Doppler sonogram shows highly abnormal intrarenal waveforms from left kidney. Also, it is 
very difficult to see the main left renal artery with color Doppler. The systolic rise time is 190 msec and acceleration is 34 cm/sec2. C, 
Selective injection of the left renal artery at angiography. Angiography shows moderate stenosis at origin of the left renal artery (arrow). 
D, After stenting of left renal artery, angiography shows origin is widely patent. E, Greatly improved intrarenal waveforms in left renal 
artery after stenting. Note that systolic rise time is 35 msec and acceleration is 339 cm/sec2. F, Left renal artery is easy to see with color 
duplex after stenting because of increased flow.
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FIGURE 12-21 A and B, Renal duplex ultrasound of a 15-year-old football lineman presenting with hypertension. Waveforms from 
the right and left renal arteries. Waveforms bilaterally have low velocity, low resistance, and a rounded peak, all indications of a poststenotic 
waveform. No renal artery stenosis was seen. Waveforms suggested a more proximal aortic stenosis and are what might be expected with 
thoracic coarctation. C, 3D CT image of the thoracic aorta shows that severe narrowing was congenital. D, Axial CT shows a severely 
narrowed thoracic aorta. E, Curved reformatted CT image shows the widely patent left renal artery. There were two right renal arteries, 
which were also widely patent.

Left renal
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C D

E
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FIGURE 12-22. Renal artery systolic waveform. A, Normal waveform. B, Early systole. There is a rapid acceleration of blood 
in the renal artery. The systolic rise time (purple arrow) is the time expended during this rapid acceleration. The acceleration is the change 
in velocity during the systolic rise (blue arrow) divided by the systolic rise time.

acutely decreased mobility, or who are on ventilators. All 
these patients have a reduced ability to cooperate. Renal 
duplex Doppler sonograms generally are not emergent. 
The examination will likely become much easier, more 
successful, and more highly accurate once the patient’s 
condition improves.

Performance of the renal artery duplex Doppler study 
mainly relies on obtaining accurate velocities throughout 
the main renal artery. However, measurement of the 
resistive index (RI) is also important. Treatment of 
renal artery stenosis is less likely to be effective in reduc-
ing blood pressure when the segmental artery RI is high 
(≥0.80), probably because of irreversible damage to the 
small blood vessels in kidneys with a high RI.61

Attention to intrarenal waveforms is also of some 
importance. A highly abnormal waveform can be a valu-
able indicator of stenosis. A delayed systolic peak (tardus, 
i.e., “tardy”) and velocities that are greatly decreased 
(parvus, i.e., “puny”) can be a strong sign of a more 
proximal stenosis. The intrarenal waveform can be ana-
lyzed quantitatively by calculating the systolic rise time 
and the acceleration (Fig. 12-22). Although we calculate 
these parameters, a qualitative assessment of the appear-
ance of the waveform usually serves just as well. We  
only rely on a tardus-parvus waveform to make the 
diagnosis when the finding is pronounced (compare B 
and E of Fig. 12-20; see also A and B of Fig. 12-21).

Finally, because of the regular occurrence of renal 
lesions or abnormalities that affect patient care, we 
believe that ultrasound of the kidneys is indicated when 
renal artery duplex Doppler ultrasound is performed, 
unless the patient has had recent (<1 year) cross-sectional 
imaging. Incidental findings in our ultrasound depart-
ment have included xanthogranulomatous pyelonephri-
tis, adrenal tumors, hydronephrosis, and several renal cell 
carcinomas79 (Fig. 12-23).
Doppler Interpretation. There are many proposed 
guidelines for Doppler interpretation. Proposed param-
eters to assess for stenosis include the peak systolic 
velocity (PSV), renal aortic ratio (RAR; defined as 
highest systolic velocity in renal artery divided by aortic 
systolic velocity, with aortic velocity measured at or 
above SMA origin), acceleration time, acceleration 

index, renal interlobar ratio,80,81 and renal-renal 
ratio.82-84 The Cleveland Clinic used a combination of 
RAR of 3.5 or greater or PSV of 200 or greater as the 
criterion for renal artery stenosis of more than 60%.65 
We use a variation of the Cleveland Clinic guidelines, 
using the same RAR as the study but a higher PSV. We 
have done internal validation of our guidelines but con-
tinue to look for ways to improve them.
False-Positive/False-Negative Results. To obtain the 
highest accuracy, it is important to avoid relying solely 
on the numerical data obtained. When a high velocity is 
seen or when the renal aortic ratio is high, the interpret-
ing radiologist must also actively look for secondary signs 
of stenosis, such as a characteristic harsh audible signal 
at the site of stenosis, increased diastolic flow, color 
bruit, and post-stenotic turbulence (Fig. 12-24). Without 
ancillary findings, the interpreter must consider the pos-
sibility that the high velocity or high RAR represents a 
false-positive result.

False-negative findings are most a risk when visualiza-
tion is marginal and the entire artery has not been ade-
quately evaluated. In perhaps 5% to 10% of patients, 
accurate diagnosis cannot be made because of inadequate 
visualization of one or both arteries.

The examination is challenging to the uninitiated 
operator, but establishment of a renal artery duplex 
Doppler program can be rewarding. Because of the lower 
cost versus other diagnostic tests, Doppler ultrasound 
lowers the threshold for the diagnosis of renovascular 
hypertension. Hurdles mainly relate to the learning 
curve and the initial investment of time. Starting a 
program is more feasible in a large center where demand 
will likely be higher than in a smaller facility. Once the 
program is mature, the study is financially viable and can 
result in improved patient care.

Renal Artery Aneurysm

Renal artery aneurysms are uncommon and may be sac-
cular or fusiform. They can be seen with atherosclerosis 
or FMD. Often, they are more reliably seen and followed 
with CT than with ultrasound. Most renal artery aneu-
rysms do not result in significant morbidity or mortality.85 
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the stomach and the proximal duodenum. The standard 
branching pattern of the CA is into the splenic and 
common hepatic arteries, which are easily identified. The 
third branch of the CA is the left gastric, which is much 
less frequently seen with sonography. The common 
hepatic artery branches into the proper hepatic artery 
and the gastroduodenal artery; the latter is important as 
a conduit for collateral blood flow to the celiac circula-
tory territory when the CA itself is highly stenosed or 
occluded.

The superior mesenteric artery typically arises from 
the anterior aorta 1 cm below the CA’s origin. The SMA 
supplies blood to the pancreas, distal duodenum, 
jejunum, ileum, and proximal colon as far distal as the 
splenic flexure. In about 20% of people, the SMA sup-
plies some of the hepatic blood flow through a replaced 
or accessory right hepatic artery. Other important 
branches of the SMA include the inferior pancreatico-
duodenal artery (IPDA) and the middle colic artery. The 
IPDA and its branches form an arcade of blood vessels 
around the head of the pancreas with the gastroduodenal 
artery.88,89 In celiac arterial occlusion, the IPDA-gastro-
duodenal arcade often becomes the primary route for 
blood to reach the celiac circulation (Fig. 12-26). In 
cases of SMA occlusion, blood flow often flows in the 
opposite direction through the arcade, supplying the 
occluded SMA with blood from the celiac artery.

The inferior mesenteric artery supplies the descend-
ing colon, sigmoid colon, and superior rectum. The IMA 
arises from the anterior aorta slightly to the left of 
midline, approximately two-thirds the distance between 
the renal artery origins and the aortic bifurcation. When 
the aorta is viewed transversely, the IMA arises at approx-
imately the 1 o’clock position. Viewed longitudinally, 
the appearance is similar to that of the SMA, except the 
IMA is significantly smaller and always courses inferiorly 
to the left of the aorta. After 1 to 2 cm, the IMA bifur-
cates into a superior hemorrhoidal artery that runs cau-
dally slightly to the left of midline and into a left colic 
artery that runs laterally to the descending colon. The 

Treatment should be considered if (1) the aneurysm is 
greater than 2.0 cm, (2) it is believed to be causing symp-
toms (e.g., hematuria, pain, hypertension), or (3) the 
patient is a woman of childbearing age who anticipates 
becoming pregnant.86,87 The patient and family must be 
made aware of a renal aneurysm to be alert to symptoms 
so that diagnosis and treatment can be expedited. Cur-
rently, no well-accepted guidelines address how often 
renal artery aneurysms should be imaged (Fig. 12-25).

Mesenteric Arteries

Anatomy

Three arteries constitute the main sources of arterial 
blood flow to the gastrointestinal tract: celiac, superior 
mesenteric, and inferior mesenteric. The celiac artery 
(CA) arises anteriorly from the abdominal aorta at the 
level of the aortic hiatus of the diaphragm. The CA sup-
plies blood to the spleen, pancreas, and liver, along with 

A B C

FIGURE 12-23. Gray-scale imaging of kidneys and surrounding structures. A, Small, aldosterone-secreting right 
adrenal tumor (arrow) is seen as part of the gray-scale examination. B, Xanthogranulomatous pyelonephritis. Gray-scale imaging of a 
Haitian teenager with hypertension shows renal distortion. The hypertension was cured by nephrectomy. C, Large left renal cell carci-
noma. We have detected many renal cell tumors, of all sizes.

FIGURE 12-24. Secondary signs of stenosis. Increased 
diastolic flow, as seen here, can help confirm the presence of renal 
artery stenosis. Other secondary signs include a tardus-parvus 
waveform.
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artery is an anterior branch of the SMA and is generally 
identified sonographically only in cases of SMA occlu-
sion (Fig. 12-29).

Mesenteric Ischemia

Acute Ischemia. Acute mesenteric ischemia occurs 
when there is an abrupt reduction of arterial flow to the 
intestines. The most common cause is cardiac embolus. 
Acute mesenteric ischemia also may be caused by aortic 
dissection. Less often, abrupt reduction of arterial flow 

left colic artery immediately divides into ascending and 
descending branches. The superior hemorrhoidal artery 
gives off sigmoid branches as it courses inferiorly to the 
rectum (Fig. 12-27).

Connections between the SMA and IMA occur in the 
region of the splenic flexure. The IMA can supply blood 
to the SMA when the proximal SMA is occluded. Blood 
then flows from the IMA through the marginal artery of 
Drummond (Fig. 12-28) or through the sometimes 
present and more direct arch of Riolan to the middle 
colic artery and then into the SMA. The middle colic 

A B

FIGURE 12-25. Most renal artery aneurysms are atherosclerotic or congenital. A, This 11-year-old boy with 
hypertension has severe renal artery stenosis, most likely caused by FMD. There is a post-stenotic aneurysm. B, Same artery immediately 
after balloon angioplasty. Two years later, the aneurysm had become much smaller.

A B

FIGURE 12-26. Injection of superior mesenteric artery (SMA) in patient with severe celiac artery stenosis. 
A, Early image from the angiographic run shows the SMA (black arrow) filling the inferior pancreaticoduodenal arcade (white arrows). 
The gastroduodenal artery (GDA) is beginning to fill retrograde (white arrowhead). B, Image from the same injection a few moments 
later. The retrograde flow in the GDA has filled the right and left hepatic arteries (white arrows). In addition, there is retrograde flow in 
the short common hepatic artery (black arrow), which then fills the splenic artery (white arrowhead).
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differences in reported mortality likely relate to the 
rapidity of diagnosis. Patient survival depends on quick 
and accurate diagnosis and treatment. In most cases, 
ultrasound has no role in the diagnosis of acute mesen-
teric ischemia.92 These patients can be of any size and 
often have a large amount of gas in the bowel that com-
promises sonographic diagnosis. In most cases, the clini-
cian simply cannot risk wasting time by initiating the 
diagnostic workup with mesenteric duplex Doppler 
sonography. CTA or angiography is the test of choice.93

Chronic Ischemia. Duplex Doppler sonography has a 

results from SMA thrombosis, decreased cardiac output 
without any obstruction of the arterial tree, or thrombo-
sis of the superior mesenteric vein.90 Only a single artery 
needs to be compromised acutely to cause mesenteric 
ischemia, most often the SMA. Patients present with an 
abrupt onset of severe abdominal pain, nausea and vom-
iting, and diarrhea. Later in the course, they may develop 
“currant jelly” stools from intestinal bleeding and 
mucosal sloughing.

Acute mesenteric ischemia is a medical emergency. 
Mortality is high, ranging from 30% to 95%.91 The wide 

A B

FIGURE 12-27. Inferior mesenteric artery (IMA) (arrowheads) has similar appearance to SMA when scanned 
longitudinally. A, Color Doppler longitudinal sonogram. B, Curved reformatted CT image of the IMA shows the early bifurcation 
into left colic (proximal section indicated by arrow) and superior hemorrhoidal arteries (arrowheads). The sigmoid branches of the superior 
hemorrhoidal artery are not visible on this image.

A B

FIGURE 12-28. Aortogram of patient with occluded SMA. A, IMA (arrow) is very large and supplies a large artery of 
Drummond (curved arrows). B, A few moments later, flow through the artery of Drummond via the middle colic artery enters the SMA 
(arrows).
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rowed or completely occluded. Patients with the median 
arcuate ligament syndrome have narrowing only of the 
celiac artery.

The median arcuate ligament of the diaphragm is 
close to the CA. This ligament is a band of fibrous tissue 
that crosses the aorta, usually above the origin of the CA, 
although the crossing can be below. Deformity and  
narrowing of the CA caused by the median arcuate liga-
ment are fairly common angiographic findings on lateral 
aortography. One study reported that 24% of aorto-
grams performed for unrelated reasons showed CA ste-
nosis of at least 50% caused by the median arcuate 
ligament.96

In median arcuate ligament syndrome, patients with 
only narrowing of the celiac artery experience signifi-
cant postprandial pain that results in avoidance of 
eating and weight loss. The syndrome is poorly under-
stood, but the pain is believed to be possibly related to 
ischemia.97,98 Other investigators support a neurogenic 
cause.99 Some patients respond dramatically to surgery 
and become symptom free.97-100 Surgery consists of 
dividing the median arcuate ligament and may include 
CA revascularization.

Mesenteric Artery Duplex  
Doppler Sonography

Mesenteric artery duplex Doppler ultrasound is most 
often performed with the patient fasting. Most studies 
assessing the addition of a postprandial study conclude 
that it is not of value.101-103

Blood flow to the intestines in the fasting state is rela-
tively low. Normal waveforms in the SMA and IMA are 
high resistance. When the patient eats, blood is shunted 
to the intestines, and the SMA has a lower-resistance 
waveform. The CA supplies the liver and spleen, which 
have a higher need for flow than the intestines when the 
patient is fasting. Accordingly, the CA has lower resis-
tance than the SMA or IMA when interrogated with the 
patient fasting.

Because chronic mesenteric ischemia can be fatal, it is 
critical that the examination be performed and inter-
preted in a way that guarantees very high sensitivity. The 
majority of stenoses that result in chronic mesenteric 
ischemia are within the first 1 to 2 cm of the origin of 
the CA, SMA, and IMA. It is possible, although rare, to 
have a branch artery occlusion that results in chronic 
mesenteric ischemia. Ultrasound is not a reliable tech-
nique for screening for these more distal stenoses.

The evaluation of the CA starts at its origin and pro-
ceeds to its bifurcation into the splenic and common 
hepatic arteries. As with all duplex Doppler studies, the 
sample volume is advanced slowly through the CA with 
waveforms viewed every 2 to 3 mm and any abnormal 
sites documented with an image. A standard set of wave-
forms from the proximal, middle, and distal CA is also 
obtained.

more central role in the diagnosis of chronic mesenteric 
ischemia. Chronic ischemia is usually the result of  
atherosclerosis slowly occluding the arteries that supply 
the intestines. Because the buildup of plaque is slow, 
collateral circulation has an opportunity to develop and 
supply some of the needed blood flow to the intestines. 
Mesenteric artery stenosis is relatively common, reported 
in 17.5% of the free-living elderly population. Most 
patients with severe narrowing of one or more of the 
arteries supplying the intestines have no symptoms and 
need no treatment.93 These patients maintain adequate 
blood flow to the gut through collateral circulation. The 
collateral blood flow usually must itself be impaired 
before the patient becomes symptomatic. In most cases, 
two of the three arteries that supply mesenteric blood 
flow (CA, SMA, IMA) must be severely diseased before 
a patient experiences chronic mesenteric ischemia, but 
even many patients with multiple-artery disease are not 
symptomatic.93 Again, the clinician must remember that, 
although uncommon, significant mesenteric ischemia 
can result from the narrowing of one artery, particularly 
the SMA.94

The onset of chronic ischemia is insidious, with the 
classic patient experiencing weight loss and postprandial 
pain. Atypical features in the history are common and 
often include complaints of “indigestion.” Patients with 
chronic ischemia frequently are very thin, which facili-
tates ultrasound.

Vasculitis, most often Takayasu arteritis, can also  
lead to mesenteric ischemia. Although typically the 
symptoms are chronic, involvement of the mesenteric 
arteries can be rapidly progressive and result in bowel 
infarction.95

Median Arcuate Ligament Syndrome

Most commonly, patients with symptomatic mesenteric 
ischemia have at least two of the mesenteric arteries nar-

FIGURE 12-29. Major anterior branch of SMA. 
Middle colic artery is not usually seen sonographically, except 
when it is supplying collateral flow. Here, the middle colic artery 
is visible because of the thinness of the patient.
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in the artery when the patient takes a deep inspiration. 
We have found this test to be inconsistent. Reexamina-
tion of the artery with the patient standing may be 
superior in its ability to show normalization of velocities 
in the CA in the setting of compression by the median 
arcuate ligament.104 Our experience indicates that exami-
nation with the patient standing is much superior to 
deep inspiration at normalizing waveforms (Fig. 12-31).
Mesenteric Duplex Interpretation. Probably the most 
widely accepted duplex criteria for mesenteric stenosis 
were some of the earliest to be developed. These state 
that PSVs greater than 275 cm/sec in the SMA and 
200 cm/sec in the CA are indicative of stenosis of greater 
than 70% in these arteries.105 Other investigators have 
found diastolic velocities to be a more accurate indicator. 
One group found an end diastolic velocity (EDV) 
greater than 45 cm/sec to be a highly accurate indicator 
of SMA stenosis greater than 50%.86,106 Another group 
found EDV greater than 70 cm/sec to be highly accurate 
for diagnosing SMA stenosis of more than 50%, with an 
EDV greater than 100 cm/sec needed to diagnose CA 
stenosis of over 50%.107

In our laboratory, we have found the criteria using 
systolic velocities (but not diastolic) to be highly sensitive 
but to result in a significant number of false-positive 
studies. Because of the high sensitivity, we are confident 
that for a high-quality examination that does not show 
systolic velocities higher than those stated above, the 
diagnosis of chronic mesenteric ischemia is excluded. 
When velocities do reach the threshold given above, we 
look for secondary features that support the diagnosis of 
significant stenosis before we become confident that the 
stenosis is real. These secondary features include an 
increased diastolic velocity and the presence of signifi-
cant post-stenotic turbulence. Color bruit is also sup-
portive of severe stenosis (Fig. 12-32). In the absence of 
secondary findings, the radiologist must consider the 
possibility of a false-positive result. In this setting, we 
have a low threshold to recommend either CTA or MRA 
to assist in the diagnosis.

There have been no widely accepted duplex Doppler 
criteria for what constitutes significant stenosis of the 
IMA. Therefore, evaluation for severe stenosis must also 
be based on qualitative more than on quantitative data. 
High systolic velocity in the presence of high diastolic 
velocity and post-stenotic turbulence is indicative of 
severe stenosis. A PSV greater than 200 cm/sec in the 
IMA may be an accurate indicator of severe stenosis.108 
Stenosis of the IMA may be an important contributor 
to the development of mesenteric ischemia. We have 
seen and treated many patients with mesenteric ischemia 
in whom a stenotic IMA was the sole blood supply to 
the gut (Fig. 12-33).

Treatment of chronic mesenteric ischemia can be  
surgical or endoluminal. Rates of restenosis with endo-
luminal treatment are high, and thus, posttreatment sur-
veillance is important. As with all arteries treated with 

In patients with very severe celiac stenosis or occlu-
sion, the CA often receives its blood supply from the 
SMA through the pancreaticoduodenal arcade. The 
blood flow in the gastroduodenal artery reverses, carrying 
the blood from the arcade back to the common hepatic 
artery. Blood flow then arrives at the liver through the 
proper hepatic artery. To arrive at the spleen, blood flow 
from the gastroduodenal artery flows retrograde in the 
common hepatic artery to reach the splenic artery. 
Assessment of blood flow direction in the common 
hepatic artery should be part of the sonographic exami-
nation of the celiac artery to detect cases in which this 
collateral flow is present (Fig. 12-30).

The evaluation of the SMA starts at the origin and is 
carried distally with viewing of waveforms every 2 to 
3 mm, documenting waveforms in the proximal, middle, 
and distal artery. The examination can be performed 
with or without breath holding. However, without 
breath holding, motion of the sample volume with 
respect to the CA and SMA often occurs. With the 
patient breathing, the sonographer may believe a wave-
form is being obtained from the SMA when in fact the 
CA is being sampled or conversely in the CA when the 
SMA is being sampled. Great care should be exercised 
when not using breath holding to guarantee that the 
proper vessel is being evaluated.

The IMA has only a short trunk before it branches 
into the left colic, sigmoidal, and superior hemorrhoidal 
arteries. In most patients the IMA is readily found, being 
the only anterior branch of the abdominal aorta below 
the level of the renal arteries. The IMA requires Doppler 
interrogation only for 3 to 4 cm.

Finally, special maneuvers must be used when CA 
stenosis caused by the median arcuate ligament is sus-
pected. The traditional test is to remeasure flow velocity 

FIGURE 12-30. Patient with occluded celiac artery 
origin. Sample volume has been placed in the common hepatic 
artery (CHA) origin and shows a negative velocity (see velocity 
scale of spectral waveform) indicating retrograde flow (away from 
the transducer).
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FIGURE 12-31. Kink in celiac artery caused by median arcuate ligament. Aortography shows typical appearance of 
kink in the celiac artery (CA) (black arrow) caused by the median arcuate ligament. A, Selective CA injection shows severe narrowing at 
site of the kink (white arrow). B, Gray-scale image with patient supine shows the kink in the celiac (long arrow) and its relation to the 
SMA (short arrows). C, Gray-scale image with patient supine in deep inspiration shows some improvement in the kink. D, Gray-scale 
image with patient standing shows resolution of kink. E, Color Doppler image with patient supine shows kink causing stenosis. F, With 
patient standing, the artery becomes straightened without narrowing. G, Spectral image shows high velocity of 588 cm/sec with the patient 
in deep inspiration. H, With patient standing the velocity is normal at 163 cm/sec.

A B

FIGURE 12-32. Post-stenotic turbulence. A, Spectral waveform at site of stenosis shows very high diastolic velocities of greater 
than 200 cm/sec. Color portion of the image shows color bruit (arrow) consisting of color outside the vessel near the stenosis site. thought 
to be caused by tissue vibration. B, Spectral waveform shows the typical “spike hairdo” waveform caused by post-stenotic turbulence. 
There is mirror-image artifact. Because of the very high velocities, the baseline of the waveform has been placed at the bottom, causing 
the mirror image to appear at the top of the tracing (arrow). Mirror-image artifact is also typical of turbulence.

A B

FIGURE 12-33. Mesenteric aortography. A, Anteroposterior aortogram shows filling of only one of the mesenteric arteries, a 
very large IMA (arrow). Also note incidental finding of FMD in the right renal artery. B, Oblique aortogram shows the severe stenosis at 
the IMA origin (arrow). The stenosis was successfully stented.
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FIGURE 12-34. Stenotic SMA at 
distal end of previously placed 
stent. A, Angiogram showing stenosis at the 
distal end of a stent. This was treated with 
balloon angioplasty. B, Color and spectral 
duplex Doppler ultrasound 3 years later 
shows extremely elevated velocity in the 
SMA. Note the elevation in diastolic velocity. 
C, Gray-scale duplex Doppler image shows 
that the stenosis has recurred at distal end of 
the SMA stent.

stents, restenosis is usually caused by intimal hyperpla-
sia, which is common within bare-metal stents but even 
more common at the end of the stent (Fig. 12-34).

However, posttreatment duplex surveillance is con-
founded by Doppler velocities often remaining high in 
stented SMAs.109 Some speculate that this velocity eleva-
tion may be caused by a change in the elastic properties 
of the arterial wall induced by its incorporation of the 
stent. In addition, the goal of stenting often is not to 
restore normal flow, but only to restore enough flow to 
make the patient asymptomatic. Those arteries treated 
with stenting often supply collateral flow to any untreated 
arteries that remain stenotic or occluded. The stented 
arteries often have increased flow throughout their 
course. This results in velocities that are uniformly ele-
vated throughout the artery. We have found this result 
not only in the SMA, but also in the other mesenteric 
arteries (Fig. 12-35). Treatment decisions after stenting 
must be made in the context of the entire clinical picture, 
not on the basis of velocities alone. If the patient is 
entirely asymptomatic, treatment will generally not be 
undertaken regardless of the results of mesenteric artery 
duplex.

Iliac Veins and Inferior Vena Cava

As with veins throughout the body, the range of pathol-
ogy occurring in the iliac veins and inferior vena cava 
(IVC) is narrow. Thrombosis of the iliac veins and IVC 
is probably the most common pathology, but is much 
less common than lower extremity venous thrombosis.

Often, the iliac veins and the infrarenal IVC are not 
well evaluated directly with ultrasound. Therefore, ultra-
sound exams are infrequently done with the intent of 
doing a primary evaluation of the entire IVC and iliac 
veins. The main exception is infants, in whom IVC 
evaluation with ultrasound has a much better opportu-
nity to provide good diagnostic information.

Anatomy

The IVC can be divided into several segments. The 
most proximal (i.e., central) segment is the suprahe-
patic (posthepatic), which is short and intrathoracic. In 
adults this segment is approximately 2.5 cm. in length 
and has the hepatic veins as tributaries. The next segment 
is intrahepatic, with accessory hepatic and caudate veins 
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FIGURE 12-35. Occluded celiac and 
superior mesenteric arteries. A, Angio-
gram shows wide patency of origin of the large, 
stented IMA. B, Duplex Doppler at origin of IMA 
shows elevation of systolic and diastolic velocity.  
C, Duplex Doppler 3 cm distal to IMA origin 
shows very similar elevation of velocity. The veloc-
ity elevation was believed to be caused by increased 
flow carried by the IMA to supply organs usually 
supplied by the celiac and superior mesenteric 
arteries.

as tributaries. The next segment is the infrahepatic/
suprarenal, which has the renal veins as tributaries. 
The last segment is infrarenal, which is the longest 
segment and has the right gonadal vein as a tributary. 
Proceeding distally, the IVC divides into the common 
iliac veins. The left common iliac vein passes between 
the right common iliac artery and the spine where it  
can become compressed producing May-Thurner phys-
iology (called May-Thurner syndrome when it results 
in thrombosis) (Fig. 12-36). The common iliac veins 
have major tributaries of the internal and external  
iliac veins.

Anatomic Variants

There are three major variations of IVC anatomy, the 
most common a duplicated IVC. The duplication is 
of the infrarenal portion of the IVC, with incidence  
of approximately 2% (Fig. 12-37, A). Most often, the 
IVC’s left channel enters the left renal vein. The supra-
renal IVC has normal anatomy. The second most 
common anomaly is a transposed (left-sided) IVC 
(0.5%; Fig. 12-38, B), which also usually drains into the 
left renal vein. As with a duplicated IVC, anatomy above 

the level of the renal veins is normal. With both these 
anomalies, the anomalous left-sided segment may cross 
the aorta below the level of the left renal vein. Also, the 
anomalous segment may cross either anterior or poste-
rior to the aorta.110

The third major anomaly is azygous continuation of 
the IVC. The infrarenal IVC flows superiorly into the 
hemiazygous or azygous veins. The IVC does not course 
through the liver in this setting; there is no intrahepatic 
IVC. The hepatic veins drain normally into the short 
suprahepatic (posthepatic) IVC, which enters the right 
atrium. Incidence of azygous continuation is approxi-
mately 0.6%.110

Regarding IVC tributaries, there are variations in the 
anatomy of the hepatic veins, left renal vein, and gonadal 
veins. The hepatic veins have numerous variations 
important in preprocedural planning of liver resection or 
transplantation.111 The most common variation is the 
presence of an accessory right hepatic vein.112

The left renal vein usually passes in front of the 
abdominal aorta to join the IVC. It also can be circum-
aortic (up to 8.7%),110 where the left renal vein has two 
branches, one passing behind the aorta and the other 
anterior to the aorta. Less often, it can be retroaortic 
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vein. In a duplicated or left IVC, the left gonadal vein 
most often drains into the left-sided IVC.113

Thrombosis

The iliac veins and IVC are large veins with high-volume 
flow. They are less prone to primary thrombosis than are 
deep veins of the extremities. Isolated iliac vein throm-
bosis is uncommon, occurring in 1.6% of cases of lower 
extremity deep venous thrombosis (DVT).114

(up to 2.4%), where a single left renal vein passes behind 
the aorta. In both cases, the portion of the left renal vein 
passing behind the aorta most frequently descends a 
short distance toward the pelvis as it passes behind the 
aorta.110

The right gonadal vein joins the IVC just below the 
level of the right renal vein or at the right renal vein in 
90% of cases. In the remaining 10%, it joins the right 
renal vein. When IVC anatomy is standard, the left 
gonadal vein almost always drains into the left renal 
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FIGURE 12-36. May-Thurner physiology. A, CT scan performed for a patient with greatly decreased phasicity in venous wave-
forms of the left leg on duplex imaging. Left common iliac vein (black arrow) is compressed where it goes between the right common iliac 
artery (white arrow) and the spine. B, 3-D CT reconstruction showing the aorta and common iliac arteries (light blue) and the inferior 
vena cava (IVC) and common iliac veins (purple). C, 3-D CT reconstruction of the IVC and iliac veins. Note the slight notch in the 
left common iliac vein at the point where it crosses behind the right common iliac artery. D, CT reconstruction of the IVC and iliac 
veins viewed to the left and superior to the pelvis. Right iliac veins and IVC overlap one another. The left external iliac (LEIV)  
and left common iliac (LCIV) veins are laid out well. The narrowing in the left common iliac vein (yellow arrow) is well seen in this 
projection.
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to the common femoral vein(s). If unilateral, there is 
likely to be iliac vein obstruction. If bilateral, the obstruc-
tion may be of the iliac veins bilaterally or of the IVC. 
In our experience the lack of common femoral vein 
phasicity is more likely to be a false-positive finding if it 
is bilateral rather than unilateral (Fig. 12-40).

In the setting of absent common femoral vein phasic-
ity, more proximal obstruction may be caused by acute 
or chronic thrombosis, May-Thurner physiology, or 
extrinsic compression of the vein by a benign or malig-
nant mass or fluid collection. When lack of phasicity is 
found, other imaging studies may be performed to evalu-
ate possible etiologies. We typically use contrast-
enhanced CT (Fig. 12-41) and, in pregnancy, MRI. 
Pelvic venography is another option.

In infants, particularly those with femoral venous 
catheters, scanning of the IVC can be valuable in assess-
ing for thrombosis. The intrahepatic IVC is generally 
well seen. Thrombus can often be seen in gray scale and 
confirmed with color and spectral Doppler ultrasound. 
The infrahepatic IVC is more difficult to see but often 
can be adequately assessed using a far lateral approach 
obtaining coronal images using either kidney as a 
window.

Budd-Chiari Syndrome

Budd-Chiari syndrome is a rare condition caused by 
obstruction to outflow of the hepatic veins. In Cauca-
sians the condition is often related to hypercoagulability. 
In Asians, membranous obstruction of the IVC is the 
most common cause.115 When there is isolated stenosis 
of the IVC, percutaneous transluminal angioplasty with 
or without stent placement is often successful. Trans-
jugular intrahepatic portosystemic shunt (TIPSS) place-
ment is often effective for hepatic vein obstruction.116

In adults, thrombus in the iliac veins is more common 
than in the IVC. Thrombus most often results from 
extension of lower extremity venous thrombosis. Extrin-
sic compression of the IVC or iliac veins, as in May-
Thurner physiology or a gravid uterus, may also result 
in thrombosis. Iliac vein thrombosis in adults is infre-
quently directly seen sonographically because of lack of 
an adequate window. Most often, the possibility of iliac 
thrombosis can only be inferred sonographically.

Sonographic clues to iliac vein thrombosis are found 
in the common femoral veins. When thrombus in the 
common femoral vein extends as far proximally as  
can be seen, it is easy to infer possible extension into the 
iliac veins. More subtle cases involve continuous, low,  
or absent flow in an open (nonthrombosed) common 
femoral vein. Common femoral vein waveforms gener-
ally show respiratory phasicity or cardiac phasicity, or 
both. When phasicity is not clearly seen, as in continu-
ous, low, or absent flow, it suggests obstruction to flow 
more proximally (Fig. 12-38; see also Fig. 12-36). Before 
ordering other tests to look for more proximal obstruc-
tion, it is worthwhile to perform a few maneuvers to 
eliminate nonpathologic causes of lack of phasicity. First, 
remove underwear if it may be tight; this is a common 
cause of nonpathological obstruction. Second, sono-
graphically check the fullness of the bladder. If moder-
ately or greatly distended, the patient should be asked to 
empty the bladder. Third, if the patient is in the second 
or third trimester of pregnancy, check the waveforms in 
posterior oblique or decubitus positions. If the compres-
sion is caused by the gravid uterus compressing the veins, 
these maneuvers will often allow the waveform to return 
to normal, showing that there is no fixed blockage of the 
veins (Fig. 12-39).

If these maneuvers are not successful at restoring a 
normal waveform, there may be an obstruction proximal 
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FIGURE 12-37. Inferior vena cava anomalies. A, CT image of duplicated IVC (black arrows), the most common anomaly of 
the IVC. The left IVC joined the left renal vein. The IVC above the level of the renal veins was in the normal location. B, Ultrasound 
of another IVC anomaly, a left IVC running to the left of the aorta. The left IVC joins the left renal vein.
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Inferior Vena Cava Neoplasms

Neoplasm of the IVC is rare and most often occurs in 
the setting of extension of solid organ tumors extending 
through their venous drainage to enter the IVC. This 

Budd-Chiari syndrome has many intrahepatic mani-
festations.117,118 IVC manifestations are visible sono-
graphically and include an IVC web just above the 
hepatic veins,115 narrowing of the intrahepatic IVC 
caused by swelling of the liver, and IVC thrombosis.116
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FIGURE 12-38. Venous duplex Doppler ultrasound 
for left leg swelling. A, Waveform in the left femoral vein 
lacks phasicity. All veins in the left thigh had similar waveforms. 
There was no thrombus found anywhere in the left leg. The 
examination was mistakenly read as normal. B, Normal waveform 
in the right common iliac vein. C, Left leg was reexamined the 
next day and now shows extensive thrombus. When the first exam 
was performed, there was likely iliac vein thrombus, which then 
had extended into the common femoral vein 24 hours later. Wave-
forms in the legs are often the only sonographic clue of iliac vein 
thrombosis.
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FIGURE 12-39. Patient in third trimester of pregnancy with leg swelling. A, Waveform in the left profunda femoral 
vein with patient supine shows decreased phasicity. All veins in the left thigh had a similar waveform. The only variation seen in flow is 
when an augmentation (calf or thigh squeeze) was performed, causing a brief increase in flow. B, Patient turned into right posterior oblique 
position. Turning has moved the gravid uterus off of the left iliac veins. Flow in the left common femoral vein shows normal respiratory 
phasicity.
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FIGURE 12-40. Femoral vein phasicity. A and B, Wave-
forms in the common femoral veins bilaterally are flat. C, Patient 
had bladder outlet obstruction.
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FIGURE 12-41. Cervical carcinoma metastasis. 
A, Normal right leg venous waveforms. B, Left leg swelling. 
Waveforms show decreased phasicity. C, CT shows a mass 
surrounding the iliac vessels. Internal and external iliac arteries  
are shown by white arrows. Patient had recurrent cervical 
carcinoma.
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Other Inferior Vena Cava Findings

Dilation of the IVC and hepatic vein orifices is seen in 
patients with congestive heart failure119 (Fig. 12-42).

Placement of IVC filters has become more common. 
In our experience, they are inconsistently seen. When 
seen, filters appear as an echogenic foreign body in the 
IVC. It is rarely possible to determine more about the 
filter than its presence and approximate location (Fig. 
12-43). The IVC may become sclerotic in patients with 
long-standing filters, in whom it may be possible to see 
an absence of the IVC along with retroperitoneal col-
lateral veins. The legs of the filters can also penetrate the 

phenomenon is seen when renal cell carcinoma extends 
through the renal veins into the IVC. The same phe-
nomenon can occur with hepatocellular and adreno-
cortical carcinoma extending through the hepatic and 
adrenal veins into the IVC.

Primary neoplasms of the IVC are even rarer. Leio-
myosarcoma can occur at other sites in the systemic 
veins as well, but most often arises in the IVC.

Ultrasound is not the primary method of imaging 
these tumors. When findings of IVC tumor involvement 
are seen sonographically, cross-sectional imaging with 
CT or MRI should generally be recommended to deter-
mine the full extent of the abnormality.

BA

FIGURE 12-42. A and B, Two images show dilation of IVC and hepatic veins caused by congestive heart failure. (Courtesy Carl Reading, 
MD.)

BA

FIGURE 12-43. Inferior vena cava filters. A, IVC filters can be very difficult to see. Bright linear echoes (yellow arrows) indicate 
a tine of the filter within the IVC (red arrows). This image represents an unusually good visualization of a filter. B, Coronal reconstruction 
of CT shows the location and form of the filter. (Courtesy Anthony Hanbidge, MD.)
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FIGURE 12-44. Metastatic retroperitoneal 
disease. A, Metastasis of esophageal adenocarcinoma to 
the retroperitoneum, probably nodal (yellow arrowheads); 
Sp, spine; red arrow, aorta; blue arrow, IVC; green arrows, 
right kidney. B, MR image of patient approximately 1 
month later. Anatomy has only minimally changed. C, 
Color duplex Doppler shows that the lesion (yellow arrow-
heads) is vascular and is supplied by a lumbar artery; red 
arrow, aorta; blue arrow, IVC. The Doppler sample volume 
is in the enlarged lumbar artery that supplies the lesion.

wall of the IVC. This finding is fairly common on CT 
and most often is an incidental finding, although com-
plications may result.120 IVC penetration may be able to 
be observed sonographically as an echogenic foreign 
body extending outside of the IVC.

NONVASCULAR DISEASES OF  
THE RETROPERITONEUM

Ultrasound is not the primary modality used in defining 
nonvascular problems in the retroperitoneum. When the 
abnormalities described next are seen sonographically, in 
many cases further cross-sectional imaging with CT or 
MRI is needed to define the abnormality completely.

Solid Masses

Probably the most common solid mass is lymphade-
nopathy (enlarged lymph nodes). Causes of nodal 
enlargement can be benign or malignant (e.g., infection, 
lymphoma), but in all cases, malignancy must be excluded. 
Lymph nodes are most commonly hypoechoic. The iden-

tification of a structure as a probable lymph node is often 
by location in a para-aortic or paracaval region or in the 
mesentery.

Metastatic disease is another cause of solid masses in 
the retroperitoneum. Metastasis most frequently occurs to 
lymph nodes but can be seen in other sites. Often, it is 
impossible to tell with certainty whether the mass is nodal 
or is centered in some other type of tissue (Fig. 12-44).

Primary malignancies in the retroperitoneum are rare. 
The most common malignant retroperitoneal tumor is 
lymphoma.121 The next most common are sarcomas: 
liposarcoma, leiomyosarcoma, and fibrous histiocy-
toma. These tumors generally undergo surgical resection 
and have a relatively high rate of recurrence.122

Benign masses also occur in the retroperitoneum, 
including fibromas, schwannomas, neurofibromas, 
and lipomas. Extra-adrenal paragangliomas (extra-
adrenal pheochromocytomas) are usually benign but 
can be malignant.123 The distinction between benign and 
malignant for retroperitoneal masses cannot generally be 
made sonographically, and the finding of an unexpected 
mass in the retroperitoneum should generally prompt 
further evaluation with CT or MRI.
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FIGURE 12-45. Chronic periaortitis. A, CT scan of chronic periaortitis with AAA (inflammatory AAA), which had maximal 
diameter of 4.9 cm. Patient was symptomatic and was treated with an endoluminal graft shortly after this scan. Note calcification (white 
arrow) indicating the aortic wall. Inflammatory tissue is present outside the aorta (red arrows). B, CT scan 2 years later shows that aortic 
size is smaller. Inflammatory mass has disappeared.
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FIGURE 12-46. Chronic periaortitis. Coronal ultra-
sound image of chronic periaortitis with no AAA (retroperitoneal 
fibrosis) (white arrows) surrounding the aorta (Ao). Inferior vena 
cava (IVC) is also faintly visible, surrounded by the mass. Left 
kidney (green arrows) is hydronephrotic because of entrapment of 
the left ureter by the periaortic mass. (Courtesy Carl Reading, MD.)

Fluid collections may also be seen in the retroperito-
neum, including hematoma, urinoma, lymphocele, 
abscess, and pancreatic pseudocyst. If well seen and when 
indicated, sonography in conjunction with fluoroscopy 
is often the best way to drain these collections.

Retroperitoneal Fibrosis

As mentioned previously, retroperitoneal fibrosis (RPF) 
is often grouped with inflammatory AAA in the disease 
process called chronic periaortitis. RPF can be seen as 
a mass usually surrounding the aorta and the common 
iliac arteries. It can involve adjacent structures, most 
often the ureters, resulting in displacement of the ureters 
and often in obstruction. When related to AAA, RPF 
usually regresses with repair of the AAA (Fig. 12-45).

In RPF, ultrasound shows a mass encasing the abdom-
inal aorta (Fig. 12-46). The back wall of the aorta is 
usually spared. A periaortic mass seen to separate the 
aorta from the spine suggests that the cause is instead 
malignant.124 Ultrasound is not sensitive for detection of 
RPF,125 although it is sensitive for detection of AAA, 
which may be present. Sonography is also sensitive for 
the detection of ureteral obstruction and hydronephro-
sis, the most common complication.

CONCLUSION

Ultrasound often is used for targeted evaluation of solid 
organs and blood vessels in the retroperitoneum. Solid 
organ evaluation is covered in other chapters. For dis-
eases of blood vessels of the retroperitoneum, ultrasound 
is generally an excellent diagnostic method and often the 
first modality used in diagnosis. For several reasons ultra-
sound is not a primary method for imaging the connec-
tive tissue regions of the retroperitoneum. To perform a 

thorough diagnostic examination when scanning the ret-
roperitoneal organs and blood vessels, the clinician must 
have a clear concept of all retroperitoneal findings that 
may be encountered so that the best patient care can be 
provided.
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SUMMARY

Patients with groin hernias typically present with an 
obvious lump or bulge and are often diagnosed clinically 
and infrequently require imaging (except to evaluate the 
contralateral side preoperatively). On the other hand, 
patients with hernias who present with pain but without 
a lump or bulge are more often referred for diagnostic 
imaging. In the past, “herniography” was the procedure 
of choice. More recently, CT and MRI have been used 
to identify and describe hernias (Fig. 13-1). However, 
real-time ultrasound has advantages over other imaging 
modalities: the ability to scan the patient in both upright 
and supine positions, to use dynamic maneuvers such 
as Valsalva and compression, and to document motion 
in real time (Fig. 13-2). Positioning and dynamic maneu-
vers affect the operator’s ability to diagnose a hernia, alter 
its size and contents, and evaluate its reducibility. Sonog-
raphy also enables the user to assess tenderness and clini-
cal significance of a hernia.

There are various definitions of the groin. The most 
common definition is that the groin is represented by 
the ilioinguinal crease at the junction of the abdomen 
and the thigh and the adjacent areas immediately above 
and below. In the strictest sense, the only “groin hernias” 
are inguinal. However, spigelian and femoral hernias 
lie so close to the inguinal area that we consider them 
groin hernias as well. Sonographic evaluation of the 
groin should include assessment for spigelian, direct and 
indirect inguinal, and femoral hernias.

Hernias occur in areas of natural weakness—in areas 
where vessels penetrate the abdominal wall (femoral and 
spigelian), where fetal migration of testis, spermatic cord, 
or round ligament have occurred (indirect inguinal), 

and through broad flat tendons called aponeuroses 
(direct inguinal). Hernias do not occur through the belly 
of abdominal wall muscles unless they have been surgi-
cally incised.

TECHNICAL REQUIREMENTS

A high-frequency (≥12 MHz) 50-mm-long transducer 
should be used in the majority of patients. Only in very 
obese patients is a lower-frequency transducer necessary, 
usually a 7 to 9–MHz curved array. Using a 50-mm 
transducer is important because its larger field of view 
(FOV) allows better identification of landmarks, espe-
cially in patients who have diastasis of aponeuroses.  
In departments where the longest transducer available  
is 38 mm, using a trapezoidal or virtual convex display  
can be helpful. In some cases, extended-FOV modes  
can be helpful, particularly in indirect inguinal hernias 
that extend into the scrotum and long incisional hernias. 
It is important to be able to store and review video  
loops in order to capture dynamic events critical to 
diagnosis.

HERNIA CONTENTS

Most sonographically detected hernias do not contain 
bowel. In fact, most hernias contain only fat (Fig. 13-3). 
The fat may be intraperitoneal (mesenteric or omental) 
or preperitoneal in origin. Generally, it is not possible 
sonographically to distinguish whether the hernia  

486
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DYNAMIC MANEUVERS

The dynamic maneuvers that are the key to ultrasound’s 
advantage over computed tomography (CT) and mag-
netic resonance imaging (MRI) include the Valsalva 
maneuver, the compression maneuver, and upright posi-
tioning. Dynamic maneuvers are useful because many 
hernias spontaneously reduce when the patient is supine 
and breathing quietly, making the hernias undetectable. 
Hernias that contain only fat are almost isoechoic with 
surrounding tissues and therefore relatively inconspicu-
ous. Dynamic maneuvers can cause the fat within a 
hernia to move, making the hernia contents more con-
spicuous. The direction of movement can be helpful, 
because movement of surrounding tissues is almost 
always in the anteroposterior (AP) direction, while hernia 
contents often move horizontally during compression 
maneuvers (Video 13-3). Hernia contents may change 
with dynamic maneuvers. Finally, reducibility and ten-
derness can be assessed.

The Valsalva maneuver is most useful when the 
patient is supine. It forces hernia contents anteriorly, and 
often horizontally in an inferomedial direction (Fig. 
13-6; Video 13-4). Some hernias become visible only 
during the Valsalva maneuver (Video 13-5). In other 
cases, hernia sacs that can be seen in quiet respiration 
elongate and widen during the Valsalva maneuver. 
Hernias that appear to contain only fat during quiet 
respiration may be shown to contain bowel during the 
Valsalva maneuver (Video 13-6). In some patients the 
hernia becomes tender during the Valsalva maneuver.

The compression maneuver is essential to assess 
reducibility and tenderness in patients who have sono-

contains intraperitoneal or preperitoneal fat. Only in 
rare cases of hernias that contain both intraperitoneal 
and preperitoneal fat can the distinction be made (Video 
13-1). Hernias that contain intraperitoneal fat may 
contain bowel later and thus may be a greater risk than 
those that contain only preperitoneal fat. Some hernias 
contain free fluid of intraperitoneal origin (Fig. 13-4). 
Hernias that contain bowel are considered higher risk 
because strangulation may lead to infarction of bowel 
(Fig. 13-5; Video 13-2). Large hernias that are the most 
likely to contain bowel are easier to detect clinically and 
less often require sonographic imaging for diagnosis. 
Hernias can contain small bowel, colon, or appendix. 
Other, much less common hernia contents include 
ovaries and “bladder ears.”

FIGURE 13-1. Inguinal hernias. Abdominal computed 
tomography (CT) scan shows moderate-sized, fat-containing, 
bilateral indirect inguinal hernias (arrows).

A B

C

FIGURE 13-2. Femoral hernias. A, Abdominal CT image shows 
no evidence of femoral hernias. B, Transverse ultrasound image of the 
femoral canal during quite respiration appears normal. C, Transverse 
sonogram of the femoral canal during Valsalva maneuver, showing bilat-
eral fat-containing hernias, with the right larger than the left (arrows).
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are symptomatic only in the upright position, or they are 
more symptomatic in the upright position. Fluid can best 
be demonstrated with the patient in the upright position, 
especially female patients. It may take minutes for the 
free fluid to “puddle” in the inferior end of the hernia 
sac once the patient has been placed in the upright posi-
tion. Therefore, delayed imaging in the upright position 
may be helpful in demonstrating peritoneal fluid (Fig. 
13-8). Other hernias contain bowel only in the upright 
position. Some hernias are either only present in the 
upright position or are much better demonstrated in  
the upright position (direct inguinal and femoral). The 
reducibility of a hernia may vary between supine and 
upright position, so it is important to assess reducibility 
in both positions (Video 13-10). In most patients, groin 
hernias are more reducible in the supine than in the 
upright position, whereas in others the opposite is true. 
Also, tenderness may vary between the supine and 
upright positions.

KEY SONOGRAPHIC LANDMARKS

Ultrasound shows characteristic features of groin hernias 
that lie above the inguinal ligament. Four types of hernias 
occur within the broader definition of the groin: indirect 
inguinal, direct inguinal, spigelian, and femoral. The key 
landmark in distinguishing between the first three types 
is the inferior epigastric artery (IEA). This artery arises 
from the external iliac artery and then courses supero-
medially, crossing the spigelian fascia and the semilunar 
line, eventually coursing along the midposterior aspect 

graphically detectable hernias, regardless of whether the 
patient is upright or supine. Compression maneuvers  
are also useful in supine patients in whom the Valsalva 
maneuver is ineffective. Compression helps assess reduc-
ibility of a hernia. Hernias may be completely reducible, 
partially reducible, or nonreducible (incarcerated) 
(Videos 13-7, 13-8, and 13-9). The shape of hernias 
correlates with reducibility. A hernia with a broad fundus 
and narrow neck is likely to be nonreducible, whereas a 
hernia with a broad neck compared to the fundus is more 
likely to be reducible (Fig. 13-7). Assessing tenderness is 
very important because dynamic sonography is so sensi-
tive that it detects many asymptomatic and clinically 
insignificant hernias. Furthermore, in some patients the 
pain is caused by other etiologies.

Upright positioning is essential in all patients being 
sonographically evaluated for groin hernia. Many patients 

FIGURE 13-3. Indirect inguinal hernia. Long-axis 
ultrasound image of an indirect inguinal hernia (arrows) that 
contains only fat; IEA, inferior epigastric artery.

FIGURE 13-4. Femoral hernia. Long-axis image of a 
fluid-containing femoral hernia that presented with pain and 
swelling.

FIGURE 13-5. Indirect inguinal hernia. Short-axis view 
of the inguinal canal in the upright position shows an indirect 
inguinal hernia that contains bowel.
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IEA lies anterior to the peritoneum and thus is never 
obscured by bowel gas. Once identified in the transverse 
plane, the IEA can be traced inferiorly and laterally to 
its origin from the external iliac artery. The internal 
inguinal ring (deep inguinal ring) lies in the crotch 

of the rectus abdominis muscle. The IEA can be identi-
fied sonographically in all patients along the midposte-
rior surface of the rectus abdominis muscle at a level 
about halfway between the umbilicus and pubic symphy-
sis while scanning in a transverse plane (Fig. 13-9). The 

FIGURE 13-6. Indirect inguinal hernia. Split-screen long-axis views of a fat-containing indirect inguinal hernia during quiet 
respiration and Valsalva maneuvers. The left image shows the hernia during quiet respiration (arrows). The right image, obtained during 
a Valsalva maneuver, shows the hernia contents being forced distally in a horizontal direction within the inguinal canal (arrows and dotted 
arrows).

HERNIA REDUCIBILITY RELATED TO SHAPE
RELATIVE WIDTH OF NECK AND FUNDUS

FIGURE 13-7. Typical hernia shapes. Left, Direct inguinal hernia shows a wide neck in comparison to the fundus. This hernia 
shape correlates with complete reducibility. Right, Linea alba hernia shows a very narrow neck in comparison to the fundal width. This 
hernia shape correlates with nonreducibility and increased risk of strangulation.
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canal “directly” from posteriorly. Indirect inguinal 
hernias, on the other hand, enter the surgically opened 
inguinal canal “indirectly” from a superolateral direction 
after passing through the internal inguinal ring (deep 
inguinal ring). From a sonographic point of view, 
“direct” and “indirect” are confusing. It would be less 
confusing to characterize them as internal inguinal ring 
(indirect) hernia and nonring (direct) hernia.

Indirect Inguinal Hernias

Indirect inguinal hernias are the most common type of 
groin hernia. They are congenital and represent a persis-
tence of a patent process vaginalis. In males the testis 
descends from the abdominal cavity into the scrotum, 
which can result in delayed or incomplete closure of the 
inguinal canal. Thus, indirect inguinal hernias are more 
common in males. However, delayed or incomplete 
closure of the canal of Nuck can occur in females. The 
neck of an indirect inguinal hernia is the segment that 
lies within the internal inguinal ring, and the fundus  
lies within the inguinal canal (Fig. 13-11). The neck 

between the external iliac artery and the proximal IEA. 
Direct inguinal hernias arise through the “conjoined 
tendon” inferior and medial to the IEA’s origin. Spige-
lian hernias occur through the spigelian fascia just 
lateral to where it is penetrated by the IEA. Femoral 
hernias lie within the femoral canal inferior to the ingui-
nal ligament (Fig. 13-10).

Once the origin of the inferior epigastric artery is 
identified, the transducer should be rotated into an axis 
that is parallel to the inguinal ligament, which courses 
obliquely from superolaterally to inferomedially. The 
patient should be scanned in long axis (LAX) parallel to 
the inguinal ligament and short axis (SAX) perpendicular 
to the inguinal ligament, rather than scanning trans-
versely and longitudinally (see Fig. 13-9).

Inguinal Hernias

Inguinal hernias can be classified as direct or indirect. 
The terms direct and indirect refer to how hernias 
present during open surgical repairs. Direct inguinal 
hernias protrude into the surgically opened inguinal 

A B

C

FIGURE 13-8. Patient position and hernia 
imaging. A, Long-axis view shows moderate-sized indirect 
inguinal hernia that contains only fat, with patient in supine 
position during a Valsalva maneuver. B, Immediately after the 
patient was placed in the upright position, the hernia appears 
slightly larger than in A, but still contains only fat. C, Delayed 
imaging in the upright position now shows that the hernia also 
contains fluid. This proves that the hernia contains intraperi-
toneal contents, not only preperitoneal contents.
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Key to identifying internal inguinal ring =
inferior epigastric artery

Long axis and short axis —not longitudinal and transverse

FIGURE 13-9. Inferior epigastric vessels (IEVs) are main landmarks for evaluating inguinal area. Image 1 is 
obtained in a transverse plane about halfway between the umbilicus and the pubic symphysis. The inferior epigastric artery and its paired 
veins lie along the midlateral posterior surface of the rectus abdominis muscle. Image 2 is obtained several centimeters inferiorly, and the 
IEVs lie more laterally. Image 3 is obtained at a level where the IEVs (arrow) lie at the edge of the rectus muscle. This is the level at which 
most spigelian hernias occur. Image 4 shows that once the origin of the inferior epigastric artery is identified, the transducer should be 
rotated into planes that are parallel and perpendicular to the inguinal canal—long-axis and short-axis views.

Hernia type — groin — coronal CT reformat 

Groin = ilioinguinal crease

Conjoined tendon
(Direct)

Semilunar line

Internal inguinal
ring (Indirect)

Spigelian

Femoral canal
(Femoral)

Inferior epigastric
vessels FIGURE 13-10. Locations of four 

types of “groin” hernias. Abdominal 
and pelvic CT image, reformatted in coronal 
plane. Indirect inguinal hernias arise 
within the internal or deep inguinal ring, 
which lies in the crotch between the external 
iliac artery and the proximal inferior epigas-
tric artery. Direct inguinal hernias arise 
through the “conjoined tendon,” which lies 
inferior and medial to the origin of the infe-
rior epigastric artery. Spigelian hernias arise 
through the spigelian fascia just lateral to  
the inferior epigastric artery, where it reaches 
the lateral margin of the rectus muscle. 
Femoral hernias lie within the femoral 
canal, inferior to the inguinal canal and 
inguinal ligament.
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or “inguinal canal lipoma” at surgery. True spermatic 
cord lipomas can occur, but are rare. Nonsliding indirect 
inguinal hernias are more difficult to diagnose sono-
graphically than sliding types because (1) they tend to 
be smaller; (2) they contain only fat, which is almost 
isoechoic with surrounding tissues; and (3) their nonre-
ducibility minimizes motion of contents during dynamic 
maneuvers. In the short axis, the sliding type of direct 
inguinal hernia can be diagnosed at either the level of 
the internal inguinal ring or the level of the inguinal 
canal. However, the nonsliding type can be diagnosed 
only at the level of the inguinal canal, where it is widest.

In some cases, it can be difficult to demonstrate the 
relationship of the hernia neck to the inferior epigastric 
vessels. In such cases, it is helpful to assess the relation-
ship of the hernia sac to the spermatic cord. Indirect 
inguinal hernias tend to lie along the anterolateral aspect 
of the spermatic cord, while direct inguinal hernia sacs 
tend to lie posteromedial to the cord (Fig. 13-14; Video 
13-11). In females, indirect inguinal hernias lie anterior 
to the round ligament (Fig. 13-15). Large indirect ingui-
nal hernias can flatten and splay the spermatic cord (Figs. 
13-16 and 13-17; Video 13-12), causing pain that radi-
ates into the scrotum.

Indirect inguinal hernias are much more likely than 
direct inguinal hernias to extend into the scrotum or 
labium majorum (Fig. 13-18; Video 13-13).

Direct Inguinal Hernias

Direct inguinal hernias are the second most common 
type of groin hernia and are acquired. They arise in two 
ways, either a passing through a defect in the “conjoined 
tendon” (Fig. 13-19) or by greatly stretching the tendon 
into the inguinal canal (Fig. 13-20). During open hernia 
repair, direct inguinal hernias protrude “directly” into 
the opened inguinal canal from a posterior direction. 
Indirect inguinal hernias, on the other hand, extend into 
the opened inguinal canal “indirectly” from a superior 
and lateral direction. The conjoined tendon area, and 
thus the neck of a direct inguinal hernia, arises inferior 
and medial to the inferior epigastric vessels (Fig. 13-21).

The neck of direct inguinal hernias is typically wider 
than the fundus. This makes incarceration and strangu-
lation of direct hernias rare. Most small to medium 
direct inguinal hernias are completely reducible, but 
large direct inguinal hernias may be incompletely reduc-
ible, especially in the upright position. Most direct ingui-
nal hernias spontaneously reduce completely in the 
supine position during quiet respiration, and therefore 
they are visible only during Valsalva maneuvers or in the 
upright position.

The conjoined tendon consists of the aponeuroses of 
the internal oblique and transverse abdominis muscles 
and the underlying transversalis (transverse) fascia. It 
occurs inferior to the lower edge of the external oblique 
aponeurosis. In most patients the aponeuroses of the 

(internal inguinal ring) lies just superior and lateral to 
the IEA’s origin and tends to be oriented in an AP direc-
tion, whereas the fundus (inguinal canal) is oriented 
horizontally and courses inferiorly and medially, passing 
superficial to the IEA’s origin The fundus of an indirect 
inguinal hernia lies anterior and lateral to the spermatic 
cord in males and the round ligament in females (Fig. 
13-12). In the short axis, the internal inguinal ring and 
the neck of the indirect inguinal hernia lie between the 
external iliac artery along its lateral side and the IEA 
along its medial side.

In the long axis, indirect inguinal hernias can have two 
appearances: sliding and nonsliding types. The sliding 
type of indirect inguinal hernia has a relatively wide neck 
compared with the fundus, with loss of the angle between 
the neck and fundus. It is usually reducible, at least in 
the supine position, and is more likely to contain bowel 
and other intraperitoneal contents. The nonsliding type 
has a relatively narrower neck compared with the fundus 
and maintains the almost 90-degree angle between the 
neck and fundus (Fig. 13-13). Nonsliding hernias usually 
contain only properitoneal fat and are nonreducible, fre-
quently being misclassified as “spermatic cord lipoma” 
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FIGURE 13-11. Relationship of indirect inguinal 
hernias (IIH) to inferior epigastric artery (IEA) 
origin from external iliac artery (EIA). The neck of the 
hernia arises in the internal inguinal ring (IIR), extends anteriorly, 
then extends inferomedially superficial to the proximal to the IEA 
and lies anterior to the spermatic cord (SC) in males or round 
ligament (RL) in females; RA, rectus abdominis; EIV, external iliac 
vein; CFA, common femoral artery; CFV, common femoral vein; 
GSV, greater saphenous vein; IL, inguinal ligament; IC, inguinal 
canal.
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epigastric artery
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 inguinal ring and inguinal canal
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FIGURE 13-12. Indirect inguinal hernia. Long-axis view shows that neck of the hernia lies in the internal inguinal ring (IIR), 
which lies superior and lateral to the proximal inferior epigastric artery (IEA). Hernia sac then courses horizontally in an inferomedial 
direction within the inguinal canal (IC). Indirect inguinal hernias always pass superficial to the IEA.

A

B

A

B

FIGURE 13-13. Indirect inguinal hernias: two types. A, Sliding type. The neck (arrows) is as wide as or wider than the 
fundus (arrowheads), with loss of the angle between the internal inguinal ring and inguinal canal. Sliding hernias usually contain intraperi-
toneal contents and are reducible. B, Nonsliding type. The neck (arrows) is narrow in comparison to the fundus (arrowheads) and the 
nearly 90-degree angle between the internal inguinal ring and inguinal canal is preserved. Nonsliding hernias usually contain only pro-
peritoneal fat and are nonreducible. They have often been misclassified as “lipomas” of the inguinal canal or spermatic cord. Circle, Inferior 
epigastric artery.



494  PART II ■ Abdominal, Pelvic, and Thoracic Sonography

B

Ind

A

Dir
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FIGURE 13-14. Hernia sacs relative to spermatic cord. A, Direct and indirect hernia sacs relative to the spermatic cord 
(SC). Left, Drawing shows that indirect inguinal hernia sac tends to lie anterior to spermatic cord, whereas direct inguinal hernia sac lies 
posterior to the cord. Center, Short-axis view shows fat-containing direct inguinal hernia (H) posterior and medial to the spermatic cord 
(SC). Right, Short-axis view shows fat-containing indirect inguinal hernia (H) lying anterior and lateral to the spermatic cord (SC). 
B, Long-axis views of right direct and left indirect inguinal hernias in the same patient. Left, Image shows the right direct inguinal hernia 
sac lying posterior to the spermatic cord (SC). Right, Image shows the left indirect inguinal hernia sac lying anterior to the spermatic 
cord (SC).
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FIGURE 13-15. Indirect inguinal hernia. A, Long-axis view shows fat-containing indirect inguinal hernia (oblique arrows) with 
the sac anterior to the round ligament (vertical arrow). B, Short-axis view of hernia (arrow) in A.

Ind

FIGURE 13-16. Indirect ingui-
nal hernia. Short-axis view shows 
indirect inguinal hernia displacing and 
compressing the hyperechoic spermatic 
cord posteriorly.

Dir

SP CORD

HERNIA

FIGURE 13-17. Direct ingui-
nal hernia. Short-axis view shows 
direct inguinal hernia displacing and 
compressing the hyperechoic sper-
matic cord anteriorly and laterally.
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internal oblique and transverse abdominis muscles are 
not closely adherent to each other; the aponeurosis of 
the transverse abdominis is separated from the underly-
ing transversalis fascia and peritoneum by a variable layer 
of preperitoneal fat; and the conjoined tendon is not 
really a well-defined structure (Fig. 13-22).

Thinning and anterior bulging of the conjoined 
tendon (“conjoined tendon insufficiency”) is a precursor 
to development of direct inguinal hernias. In males the 
anterior bulging displaces and rotates the spermatic cord 
laterally. The thinning and bulging of the conjoined 
tendon push the aponeuroses of the internal oblique and 

FIGURE 13-18. Indirect inguinal hernia. Long-axis 
extended–field of view (FOV) image shows extremely large, indi-
rect inguinal hernia (H) extending down the entire length of the 
inguinal canal into the scrotum; T, testis.

FIGURE 13-19. Direct inguinal hernia. Long-axis view 
shows fat-containing direct inguinal hernia passing through an 
acute tear (*) in the conjoined tendon (arrows) and extending 
down the inguinal canal (arrowheads).

FIGURE 13-20. Direct inguinal hernia. Long-axis view 
of large, direct inguinal hernia shows the thinned and stretched 
conjoined tendon and underlying transversalis fascia and perito-
neum (arrows) forming the hernia sac; circle, inferior epigastric 
artery. Note that the neck of direct inguinal hernias arised inferior 
and medial to the inferior epigastric artery (circle).
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FIGURE 13-21. Direct inguinal hernia (DIH): rela-
tionship to surrounding anatomy. The neck of the 
hernia arises in the area of the conjoined tendon and lies inferior 
and medial to the proximal inferior epigastric artery (IEA). The 
hernia sac does not pass superficial to the IEA and lies posterior 
and medial to the spermatic cord (SC) or round ligament (RL). 
RA, Rectus abdominis muscle; EIV, external iliac vein; EIA, exter-
nal iliac artery; CFA, common femoral artery; CFV, common 
femoral vein; GSV, greater saphenous vein; SC/RL, spermatic cord 
or round ligament; IL, inguinal ligament; IIR, internal inguinal 
ring.
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FIGURE 13-22. Direct inguinal hernia. A, Short-axis view of direct inguinal hernia shows a thinned and bulging conjoined 
tendon, consisting of the internal oblique aponeurosis (superficial arrows) and transverse abdominis aponeurosis (arrowhead), and underly-
ing transversalis fascia (horizontal arrow) and peritoneum (*). B, Long-axis view shows the conjoined tendon (between three vertical arrows 
and arrowhead), underlying transversalis fascia (oblique arrow), and peritoneum (*).
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transverse abdominis muscles closer together, making 
the conjoined tendon appear to be a more discrete struc-
ture than when the patient is in the supine position and 
in quiet respiration (Figs. 13-23 and 13-24). As the thin-
ning and bulging progress, a tear can form within the 
tendon, leading to the formation of a direct inguinal 
hernia. Smaller direct inguinal hernias extend anteriorly 
into the floor of the inguinal canal, but larger hernias 
turn inferomedially, extending distally within the canal. 
Factors that can cause conjoined tendon insufficiency to 
progress to frank direct inguinal hernia over time include 
any cause of increased intra-abdominal pressure (obesity, 
pregnancy, ascites, coughing, straining) and generalized 
connective tissue weakness. Because these underlying 
causes affect both sides, direct inguinal hernias are fre-
quently bilateral, although often asymmetrical (Fig. 
13-25). It is difficult to explain why bilaterally symmetri-
cal direct inguinal hernias can vary so much clinically. It 
is not unusual to find one direct inguinal hernia symp-
tomatic and exquisitely tender, while the contralateral 
hernia is asymptomatic and nontender.

Direct inguinal hernias, and their precursors, posterior 
inguinal wall insufficiency, are common problems for 
athletes (see Sports Hernias).

Femoral Hernias

Femoral hernias reportedly are rare, because they are 
difficult to diagnose clinically unless strangulated, and  
in fact are much less common that inguinal hernias. 
However, sonographically detected femoral hernias are 
much more common than suggested. Unlike inguinal 
hernias, femoral hernias are more common in women 
than men. It is thought that the increased intrapelvic 
pressure that occurs during the third trimester of preg-

FIGURE 13-23. Conjoined tendon: two views. Upper 
illustration, Relationship of the conjoined tendon to the spermatic 
cord in quiet respiration in the supine position. The layers are 
separated by loose connective tissues or fat. Lower illustration, 
Bulging of the conjoined tendon during Valsalva maneuver or in 
the upright position. The layers tend to be pushed together and 
are more difficult to distinguish from each other. When the apo-
neuroses of the internal oblique (1) and transverse abdominis (2) 
muscles are pushed together, the conjoined tendon appears as a 
more discrete structure. 3, Transversalis fascia; 4, peritoneum. The 
anterior bulging of the conjoined tendon pushes the spermatic 
cord laterally and rotates it from a “wider-than-tall” orientation 
to a “taller-than-wider” orientation.
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canal (Video 13-14). The most common location for 
femoral hernias is medial to the CFV, but a few lie ante-
rior to the common femoral vessels (Figs. 13-27 and 
13-28). Most femoral hernias that lie anterior to the 
CFV arise medially and then extend anteriorly (Video 
13-15). It is rare for a femoral hernia to actually arise 
anteriorly (Teale’s hernia) (Fig. 13-29). Although 
femoral hernias reportedly can lie posterior or lateral to 
the CFV, we have never seen one in either of these loca-
tions. A femoral hernia tends to have a narrow neck in 

nancy, together with the hormone-induced softening  
of tissues, predisposes to the development of femoral 
hernias.

Femoral hernias arise within the femoral canal inferior 
to the inguinal canal and ilioinguinal crease. The femoral 
canal lies just medial to the common femoral vein 
(CFV) and just superior to the saphenofemoral junction 
(Fig. 13-26). The saphenofemoral junction, similar to 
the origin of the inferior epigastric artery for inguinal 
hernias, is the key landmark for identifying the femoral 

FIGURE 13-24. Conjoined tendon: two more views. Left image, Relationship of the conjoined tendon to the spermatic cord 
in quiet respiration in the supine position. The conjoined tendon lies posterior to the spermatic cord. Right image, Valsalva maneuver 
results in anterior bulging of the conjoined tendon, which now protrudes anterior to the spermatic cord and pushes and rotates the cord 
laterally.

FIGURE 13-25. Bilateral inguinal hernias. Short-axis views show bilateral fat-containing direct inguinal hernias, which are 
common.
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FIGURE 13-26. Femoral hernia (FH): relationship to 
surrounding anatomy. Femoral hernias arise within the 
femoral canal, which lies medial to the common femoral vein 
(CFV) just superior to the saphenofemoral junction and inferior 
to the inguinal ligament (IL). Small femoral hernias remain medial 
to the CFV, but larger hernias usually wrap around anterior to 
the CFV. RA, Rectus abdominis muscle; IEA, inferior epigastric 
artery; EIV, external iliac vein; EIA, external iliac artery; CFA, 
common femoral artery; GSV, greater saphenous vein; SC/RL, 
spermatic cord or round ligament; IIR, internal inguinal ring.
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FIGURE 13-27. Femoral hernia: relationship to 
femoral vessels. Short-axis view shows that most femoral 
hernias arise medial to the common femoral vein (CFV) and can 
extend anterior to the CFV as they enlarge. A few small femoral 
hernias (Teale’s hernia) may arise anterior to the CFV (arrows). 
IP, Iliopsoas muscle; a, common femoral artery; v, common 
femoral vein; FH and arrow, most common femoral hernia 
locations.

FIGURE 13-28. Femoral hernia on Valsalva maneu-
ver. A, No evidence of a femoral hernia during quiet respiration. 
B, During a Valsalva maneuver, a fat-containing femoral hernia 
(arrows) appears medial to the common femoral vein (CFV).

comparison to the width of its fundus, a shape that 
predisposes the femoral hernia to strangulation. In fact, 
femoral hernias are the most likely type of groin hernia 
to strangulate (Fig. 13-30). Femoral hernia contents 
vary, and most contain only fat. Femoral hernias that 
contain bowel are almost always nonreducible and fre-
quently, strangulated as well.

The femoral canal lies deeper than the inguinal canal 
and may be more difficult to assess with a high-frequency 
linear array transducer. Small and even moderate-sized 
femoral hernias frequently reduce completely in the 
supine position during quiet respiration and are most 
readily demonstrated with the patient in the supine posi-
tion during the Valsalva maneuver or in the upright 
position during compression maneuvers. Femoral hernias 
are often bilateral (see Fig. 13-2, C; Video 13-16).

Spigelian Hernias

Spigelian hernias that present clinically are rare. Sono-
graphically detected spigelian hernias are more common 
than the literature would suggest. Spigelian hernias are 
usually considered anterior abdominal wall hernias rather 
than groin hernias. They can occur anywhere along the 

course of the spigelian fascia, the complex aponeurotic 
tendon that lies between the oblique muscles laterally 
and the rectus muscles medially. However, almost all 
spigelian hernias occur at the inferior end of the semi-
circular line, inferior to the arcuate line, where the 
posterior rectus sheath is absent, and where the spigelian 
fascia is penetrated and weakened by the inferior epigas-
tric vessels (Fig. 13-31). In many patients, this location 
is within 2 cm of the internal inguinal ring. Further-
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muscles. Internal to the aponeuroses lie the transversalis 
fascia and peritoneum. In spigelian hernias the transverse 
abdominis tendon is always torn. In most cases the inter-
nal oblique aponeurosis is also torn (Fig. 13-32). The 
external oblique tendon is always intact and usually 
forces the hernia sac to extend either medially over the 
anterior aspect of the rectus abdominis muscle or later-
ally over the external oblique muscle, forcing it into the 
shape of an anvil or mushroom (Figs. 13-33 and 13-34). 
As with femoral hernias, spigelian hernias have narrow 
necks and broad fundi (Videos 13-17 and 13-18), 
making them at least partially nonreducible and predis-
posing them to strangulation (Fig. 13-35). Because spi-
gelian hernias pass through multiple layers of tendons, 
projections of the hernia may also extend intraparietally 
between the multiple layers of lateral muscles (either 
between the transverse abdominis and internal oblique 
muscles or between the internal and external oblique 
muscles). In some cases the spigelian fascia, like the linea 
alba, can become diastatic and widen. Extended-FOV 
modes may be helpful in demonstrating the anatomy in 
such cases (see Figs. 13-32 and 13-33).

FIGURE 13-29. Teale’s femoral hernia. Small, Teale’s 
type of right femoral hernia lying anterior to the common femoral 
vein (FV), but no femoral hernia on the left.

FIGURE 13-30. Nonreducible femoral hernia. Short-
axis view shows large, nonreducible femoral hernia that arises 
within the femoral canal (*) medial to the common femoral vein 
(CFV). The long, narrow neck (arrows) extends directly anteriorly, 
and the large fundus (arrowheads) filled with peritoneal fluid 
causes this hernia to be at extremely high risk for strangulation.
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FIGURE 13-31. Spigelian hernia (SH): relationship 
to surrounding anatomy. Almost all spigelian hernias arise 
from the inferior end of the spigelian fascia just lateral to where 
it is penetrated by the inferior epigastric vessels, lateral to the 
lateral edge of the rectus abdominis muscle (RA). Although these 
are usually considered anterior abdominal wall rather than 
“groin” hernias, the neck of spigelian hernias often lie within 2 cm 
of the internal inguinal ring (IIR), where indirect inguinal hernias 
arise. IEA, Inferior epigastric artery; EIV, external iliac vein; EIA, 
external iliac artery; CFA, common femoral artery; CFV, common 
femoral vein; GSV, greater saphenous vein; SC/RL, spermatic cord 
or round ligament; IL, inguinal ligament.

more, when symptomatic, the pain caused by spigelian 
hernias can be difficult to distinguish from that caused 
by indirect inguinal hernias. Therefore, we are including 
spigelian hernias in our discussion of groin hernias.

The spigelian fascia is composed of several different 
layers of loosely apposed aponeurotic tendons. From 
external to internal lie the aponeuroses of the external 
oblique, internal oblique, and transverse abdominis 
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FIGURE 13-32. Spigelian hernia: torn aponeuroses. Small, spigelian hernia in which the aponeuroses of both the transverse 
abdominis (TA) and internal oblique (IO) muscles are torn, but in which the external oblique (EO) aponeurosis, as usual, is intact. This 
is the most common pattern of aponeurosis defects in spigelian hernias.

FIGURE 13-33. Spigelian hernia: “mushroom” 
shape. Transverse extended-FOV sonogram shows small, non-
reducible, fat-containing right spigelian hernia. Because the exter-
nal oblique aponeurosis is not torn, it forces the hernia sac to 
extend medially over the anterior surface of the right rectus muscle 
and laterally over the anterior aspect of the right external oblique 
muscle. This results in a mushroom or anvil shape, which corre-
lates with nonreducibility and an increased risk of strangulation.

FIGURE 13-34. Spigelian hernia: typical shape. 
Nonreducible left spigelian hernia contains bowel and has a 
narrow neck and broad fundus, the typical shape for spigelian 
hernias.
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Sports Hernias

Sports hernia is a common cause of groin and pubic pain 
among elite and professional athletes. Sports hernia is a 
complex, confusing, and controversial subject. There is 
neither a universally accepted definition of sports hernia 
nor a uniform agreement on the best treatment. Sports 
hernia, also called “sportsman’s hernia” and “athletic 
pubalgia,” is complex because it occurs in an area where 
many tendons come together and are difficult to separate 
from each other, and where weakness in one tendon may 
lead to failure of another or to instability of the pubic 
symphysis. Also, multiple abnormalities often contribute 
to pain. Surgery may help some of the underlying causes, 
but not others.

Sports hernias most often occur in elite athletes who 
kick, bend over at the waist, and make sudden changes 
in direction. Soccer players, hockey players, and Ameri-
can and Australian-rules football players are most fre-
quently affected. “Sports pubalgia” can be especially 
debilitating for elite and professional athletes, causing 
long periods of disability, and can be career threatening. 
Sports hernias are much more common in men than in 
women because of differences in the insertion of the 
rectus muscles into the pubis, but the incidence is 
increasing in women.

The type of hernia most often associated with groin 
pain in athletes is the direct inguinal hernia or its pre-
cursor, “posterior inguinal wall deficiency” (conjoined 
tendon insufficiency). In many athletes with groin pain, 
however, the hernia is not the only, or even the main, 
cause of pain.

Dynamic ultrasound is the best modality for demon-
strating groin hernias associated with sports pubalgia, 
but MRI is generally better for demonstrating causes of 
pain other than hernia.

The underlying pathology is usually tendinosis 
(degenerative change in tendons without signs of inflam-
mation) of either the adductor longus origin or the rectus 
abdominis insertion. The tendons of these two muscles 
interdigitate, making them inseparable from each other 
as they insert onto the pubis. Tendinosis of one tendon 

FIGURE 13-35. Strangulated spigelian hernia. 
Transverse extended-FOV image shows strangulated left spigelian 
hernia containing large bowel and fat (arrows). Note the hyper-
echoic texture of the edematous strangulated contents.

usually leads to tendinosis of the other, and eventually 
to instability of the pubic symphysis and osteitis pubis. 
Tendinosis of the rectus abdominis muscle can also lead 
to microtears in which the aponeuroses of the internal 
oblique and transverse abdominis muscles (components 
of conjoined tendon) insert onto the rectus sheath, 
causing them to bulge anteriorly into the inguinal canal 
(posterior inguinal wall insufficiency or conjoined 
tendon insufficiency) and also leading to dilation of the 
external (superficial) inguinal ring. The thinned and 
bulged conjoined tendon pushes the spermatic cord lat-
erally, rotates it, and compresses it. Because of the effects 
on the spermatic cord, the resulting pain often radiates 
into the scrotum.

Posterior inguinal wall insufficiency is usually bilat-
eral, even though symptoms may only be unilateral.  
In the short axis, posterior inguinal wall insufficiency 
appears indistinguishable from direct inguinal hernia 
(see Figs. 13-23 and 13-24). In the long axis, however, 
posterior inguinal wall insufficiency and direct inguinal 
hernia have different shapes. The posterior wall insuffi-
ciency is semicircular, whereas the direct inguinal hernia 
protrudes inferiorly within the inguinal canal in a finger-
like projection (Fig. 13-36). At the level of the proximal 
inguinal canal, insufficiency and hernia can only be dis-
tinguished in the long axis, appearing identical in the 
short axis. More distally within the inguinal canal, 
however, the distinction can be made in the short axis. 
The direct inguinal hernia sac will be seen posterior to 
the spermatic cord (see Fig. 13-14 and Video 13-11), 
whereas in posterior inguinal wall insufficiency, the 
inguinal canal will appear normal.

Posterior inguinal wall insufficiency can progress to 
direct inguinal hernia in two ways: the conjoined tendon 
can tear completely, or the tendon can become so 
thinned and stretched that it is pushed inferomedially 
into the distal inguinal canal. Both complications arise 
inferior and medial to the origin of the inferior epigastric 
vessels. In patients with acute tendon tears, the neck is 
small, and the hernia sac appears thin (transversalis fascia 
and peritoneum) (Fig. 13-37). In severe stretching of 
the conjoined tendon, however, the neck is wide, and 
the hernia sac appears thicker (aponeuroses of internal 
oblique and transverse abdominis muscles as well as 
transversalis fascia and peritoneum) (see Figs. 13-20 and 
13-36).

Because there is usually some degree of tendinosis or 
osteitis pubis, even when a direct inguinal hernia or 
posterior inguinal wall insufficiency is present, simply 
assessing sonographically for hernia is often insufficient 
for the workup of these patients. Ultrasound can show 
tendinosis in the rectus and adductor tendons in some 
cases (Fig. 13-38), but not as reliably as MRI, which can 
also demonstrate osteitis pubis and findings such as the 
secondary cleft. In a patient with other pathology, only 
repairing an inguinal hernia or posterior wall deficiency 
may not cure the patient’s groin pain. Thus, optimal 
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FIGURE 13-36. Inguinal wall insufficiency versus direct inguinal hernia. Long-axis views show different appearance 
of posterior inguinal wall insufficiency and direct inguinal hernia. A, Insufficiency of the posterior inguinal wall appears semicircular in 
shape. B, Frank direct inguinal hernia extends distally within the inguinal canal in a fingerlike projection posterior to the spermatic cord. 
At the level of the proximal inguinal canal, the distinction is possible only on long-axis views, because insufficiency and frank hernia appear 
identical on short-axis views obtained proximally.

FIGURE 13-37. Acute tear of conjoined tendon 
(arrows). Note that the neck is small in comparison to the 
fundus in this long-axis view. This is an unusual configuration for 
a direct inguinal hernia.

FIGURE 13-38. Bilateral tendinosis of adductor 
longus tendons. Note that the edema and thickening of the 
tendon (arrows) is greater on the symptomatic right side than on 
the contralateral left side. The tendinosis in patients with athletic 
pubalgia is usually bilateral, but asymmetrical.
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imaging workup of athletes with groin pain usually 
requires both dynamic ultrasound of the groin and MRI. 
In patients with inguinal hernia or inguinal wall insuf-
ficiency, both surgical repair of the hernia and surgical 
or medical treatment of the associated tendinosis and 
pubic symphysis instability may be necessary.

THE REPORT FOR DYNAMIC 
ULTRASOUND OF GROIN HERNIAS

It is important to use correct terminology in reporting 
the results of a dynamic groin ultrasound examination. 
In addition to the indication, the report should contain 
the following elements: (1) the examination name; (2) 
the specific dynamic components of the examination;  
(3) the side examined; (4) presence or absence of a 
hernia; (5) hernia size; (6) hernia contents; (7) reduc-
ibility of the hernia; and (8) whether the hernia is tender 
or nontender. Surgeons who treat these patients expect 
to see all these elements in the report. If all these findings 
are not reported, the examination will be reviewed or 
repeated.

We generally do not measure hernias. We usually 
subjectively report size is small, medium, or large. 
A hernia may be completely reducible, partially 
reducible, or nonreducible. Nonreducibility may vary 
between supine and upright positions. Most hernias are 
more reducible in the supine than in the upright posi-
tion, but in some the opposite is true. We report hernias 
as being either nontender or mildly, moderately, or 
exquisitely tender when compressed by the transducer. 
Tenderness is important in determining whether a hernia 
is more likely to be incidental or clinically significant.

When a hernia has been described in the report, we 
also report about our search for additional types of ipsi-
lateral or contralateral groin hernias. A surgeon consid-
ering a laparoscopic hernia repair will want to know if 
additional ipsilateral and contralateral hernias are present. 
In a patient with an inguinal hernia, presence of an 
ipsilateral femoral or spigelian hernia may necessitate 
using a larger piece of mesh. Presence of a contralateral 
hernia may lead to bilateral rather than unilateral repair. 
If the contralateral side is not mentioned in the report, 
the surgeon may request that a repeat examination be 
performed at no cost to the patient to assess that side.

Linea Alba Hernias

Linea alba hernias are anterior abdominal wall hernias 
that protrude through the linea alba. Those that occur 
superior to the umbilicus are called epigastric hernias, 
and those that occur inferior to the umbilicus are called 
hypogastric hernias. Hypogastric hernias are much less 
common than epigastric hernias because the linea alba is 
much narrower and shorter inferior to the umbilicus 
than superior to the umbilicus.

DYNAMIC ULTRASOUND FOR GROIN 
HERNIA: NEGATIVE REPORT

Examination
Dynamic ultrasound of the right groin.

Indication
Right groin pain.

Procedure
The right groin was evaluated in both the supine 

and the upright position, with and without 
compression and Valsalva maneuvers, using a 
12-MHz transducer.

Findings
There is no evidence of direct or indirect inguinal, 

femoral, or spigelian hernias.

Impression
There is no evidence of a right groin hernia.

DYNAMIC ULTRASOUND FOR  
GROIN HERNIA: POSITIVE 

UNILATERAL REPORT

Examination
Bilateral dynamic groin ultrasound.

Indication
Right groin pain.

Procedure
The right and left groin areas were evaluated in 

both supine and upright positions, with and 
without compression and Valsalva maneuvers, 
using a 12-MHz transducer.

Findings
Size: small
Contents: fat-containing
Reducibility: completely reducible
Tenderness: moderately tender
Side: right
Type: indirect inguinal hernia

Other Ipsilateral Hernias
There is no direct inguinal, femoral, or spigelian 

hernia on the right.

Contralateral Hernias
There are no contralateral left-sided groin hernias.

Impression
1. There is a small, fat-containing, completely 

reducible, but moderately tender, right indirect 
inguinal hernia that is the cause of the patient’s 
pain.

2. There are no other ipsilateral groin hernias.
3. There are no contralateral groin hernias.
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Any cause of prolonged increased intra-abdominal 
pressure can predispose toward weakening of the linea 
alba, including pregnancy, morbid obesity, and ascites. 
The first step is often diastasis recti abdominis, thin-
ning and stretching of the linea alba that is most appar-
ent during straining or in the upright position. The 
stretching of the linea alba pulls the decussated fibers 
apart, decreasing their interlacing, weakening the tendon, 
and predisposing to epigastric herniation.

In patients with diastasis, the linea alba is thinner and 
wider than normal. When the patient is supine and in 
quiet respiration, the associated anterior bulging of the 
tendon is not evident (Fig. 13-39, B). However, having 
the patient perform a Valsalva maneuver or raise the 
head off the pillow while lying supine, or having the 
patient stand, will make the anterior bulging visible (Fig. 
13-39, C; Fig. 13-40; Video 13-19). In patients with 
diastasis recti abdominis, the anterior bulging extends 
along the entire craniocaudal length of the epigastric 
segment of the linea alba. In patients with epigastric 
hernia, any bulging will be more localized along the 
craniocaudal axis. Although diastasis usually does not, 
epigastric hernias often do cause tenderness.

Epigastric linea alba hernias are easier to diagnose 
than are groin hernias as long as they are scanned with 
the proper transducer and the sonographer or physician 
is actually visually inspecting the linea alba. Epigastric 
hernias are usually superficial enough in location that 

The linea alba is a thick layer of aponeurosis that 
separates the rectus abdominis muscles. It is formed by 
fusion and interlacing of fibers of the anterior and pos-
terior sheaths of the right and left rectus muscles. Unlike 
the “conjoined tendon” and semilunar line, in which 
there are multiple thin layers of thin, loosely associated 
aponeuroses that do not form a discrete, well-defined 
structure, the linea alba is single, thick, well defined, 
extremely hyperechoic, and easily seen on ultrasound in 
most patients (Fig. 13-39, A). However, the degree of 
decussation of fibers from the right and left sides varies. 
Most patients have three layers of interlaced fibers, but 
a minority of patients may show only a single layer of 
interlaced fibers. In the latter group the linea alba is 
weaker and more predisposed to stretching (diastasis 
recti abdominis) and tearing (epigastric linea alba hernia).

A
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C

FIGURE 13-39. Linea alba between rectus abdomi-
nis muscles: spectrum of appearances. Transverse 
views. A, Normal, thick linea alba. B, Thinner but wider linea 
alba, possibly resulting from fewer decussations of rectus sheath 
fibers or representing diastasis recti when the patient is in the 
supine position in quiet respiration. C, Marked thinning and 
bulging of the linea alba that occurs in diastasis recti during a 
Valsalva maneuver or in the upright position. D, Typical small, 
epigastric linea alba hernia with its neck near the midline of the 
linea alba. E, Small linea alba hernia with neck occurring eccentri-
cally near the right edge of the linea alba. Note that linea alba 
hernias typically have narrow necks and broad fundi in the trans-
verse view, a shape that correlates with nonreducibility and 
increased risk of strangulation.

DYNAMIC ULTRASOUND FOR  
GROIN HERNIA: POSITIVE  

BILATERAL REPORT

Examination
Bilateral dynamic groin ultrasound.

Indication
Right groin pain.

Procedure
The right and left groin areas were evaluated in 

both supine and upright positions with and 
without compression and Valsalva maneuvers 
using a 12-MHz transducer.

Findings
Size: moderate sized
Contents: fat and bowel containing
Reducibility: reducible in the supine position, but 

nonreducible in the upright position
Tenderness: exquisitely tender
Side: right
Type: indirect inguinal hernia

Other Ipsilateral Hernias
There is no direct inguinal, femoral, or spigelian 

hernia on the right.

Contralateral Hernias
There is a small, fat-containing, completely 

reducible, nontender left indirect inguinal hernia.

Impression
1. There is a moderate-sized, fat-containing, 

exquisitely tender right indirect inguinal hernia 
that is completely reducible with transducer 
pressure when the patient is supine, but that is 
nonreducible in the upright position. This is the 
cause of the patient’s right groin pain.

2. There are no other ipsilateral groin hernias.
3. There is also an incidental small, fat-containing, 

completely reducible, nontender left indirect 
inguinal hernia.
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hernias are usually small to moderate-sized and contain 
only preperitoneal fat (Fig. 13-43). In hernias that 
contain only preperitoneal fat, the underlying peritoneal 
membrane and transversalis fascia are intact and the 
hernia cannot be seen or repaired laparoscopically. Epi-
gastric hernias always have a very narrow neck in com-
parison to the size of the fundus and thus are usually not 
reducible (Video 13-20) and are at increased risk for 
strangulation, even when small. Some epigastric hernias 
that contain only preperitoneal fat are so small that it is 
difficult to believe that herniation is the cause of pain 
(Fig. 13-44). These hernias are not palpable, and patients 
typically present with pain, which more likely results 

they are best shown with 10- to 12-MHz linear array 
transducers. With these transducers, the defect through 
the linea alba is usually quite conspicuous because it is 
either isoechoic or hypoechoic compared with the 
extremely hyperechoic linea alba. The defect is usually 
very near the midline, but it may occur eccentrically 
toward the right or left side of the linea alba (Fig. 13-39, 
D and E; Figs. 13-41 and 13-42). The most frequent 
reason for missing an epigastric linea alba hernia is that 
the examination for abdominal pain was performed with 
the standard 3-MHz curved linear array transducer, 
focused too deep in the elevation axis to identify any 
structures except large hernias in obese patients. The 
clinician must have an index of suspicion to employ the 
appropriate transducer.

Although clinically detected epigastric hernias tend to 
be quite large and often contain bowel and other intra-
peritoneal contents, sonographically detected epigastric 

FIGURE 13-40. Linea alba–diastasis recti. Extended-
FOV image obtained upright in the transverse plane shows 
marked widening, thinning, and bulging of the linea alba–diastasis 
recti abdominis.

FIGURE 13-41. Linea alba hernia. Transverse extended-
FOV image in upright position shows large, fat-containing, non-
reducible epigastric linea alba hernia (arrowheads) demonstrating 
marked widening and thinning of the linea alba. Note that the 
neck, the defect in the linea alba (arrows) is narrow in comparison 
to the fundus (arrowheads). Note also that the fat within the hernia 
appears to be all preperitoneal, because the transversalis fascia deep 
to the neck is intact (asterisks). Linea alba hernias are more 
common in patients who have preexisting diastasis recti.

FIGURE 13-42. Epigastric linea alba hernia. Trans-
verse view of small, fat-containing, nonreducible epigastric linea 
alba hernia arising from tear that is eccentrically located near the 
right edge of the linea alba (arrows).

FIGURE 13-43. Epigastric linea alba hernia. Trans-
verse view of small, mushroom-shaped, fat-containing, nonreduc-
ible epigastric linea alba hernia (arrowheads) shows a small tear of 
the linea alba. The fat within the hernia is preperitoneal fat. The 
underlying transversalis fascia (black open arrow) and peritoneal 
membrane (white open arrow) are intact and in the normal 
position.
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umbilical cord in the first trimester. In many cases, 
umbilical hernias in newborns will regress spontaneously 
by 3 or 4 years of age. Those that do not regress by age 
4 are usually repaired.

Umbilical hernias can, however, develop at any time 
during life. Any cause of chronically increased intra-
abdominal pressure or connective tissue weakness can 
lead to dilation of the umbilical ring and formation of 
an umbilical hernia. Umbilical hernias contain intraperi-
toneal contents, but smaller umbilical hernias usually 
contain only intraperitoneal fat (Fig. 13-47). We are 
asked to evaluate umbilical hernias sonographically 

from the tear or tendinosis of the linea alba than from 
herniation of a tiny amount of properitoneal fat.

Simply identifying diastasis in a patient who com-
plains of epigastric midline pain is insufficient. The linea 
alba in the area of pain and along its entire epigastric 
segment must be examined for hernias, because patients 
with diastasis are at increased risk for multiple epigastric 
hernias. It is important to assess the entire length of the 
linea alba in any patient in whom one epigastric linea 
alba hernia is found. Most hernias contain only properi-
toneal fat, so they cannot be seen laparoscopically and 
must be repaired externally. If surgeons do not know that 
multiple hernias are present, they may use too small a 
piece of mesh to repair all the hernias. It is our experience 
that “recurrent” epigastric hernias are more likely to be 
secondary hernias that were not recognized and repaired, 
rather than true recurrences (Fig. 13-45; Video 13-21).

The much less common hypogastric linea alba 
hernia usually lies within a few centimeters of the umbi-
licus. Inferior to this area, the rectus muscles are more 
closely apposed or even fused. As with epigastric hernias, 
hypogastric linea alba hernias have narrow necks, usually 
are small to moderate-sized, contain only preperitoneal 
fat, are usually not reducible, and are prone to strangula-
tion (Fig. 13-46).

Umbilical Hernias

Umbilical hernias occur through a widened umbilical 
ring. In newborns, they result from delayed return to 
the abdomen of bowel loops that lie in the base of the 

FIGURE 13-44. Linea alba tear. Tiny tear of the linea alba 
(arrows) caused pain but was not palpable. Such tears are relatively 
common in patients with preexisting diastasis recti abdominis.

FIGURE 13-45. Two epigastric hernias. Longitudinal 
view shows a small, fat-containing, nonreducible, epigastric linea 
alba hernia inferiorly and a tiny tear superiorly. This patient had 
three other small hernias more superiorly. Multiple epigastric linea 
alba hernias are common enough that the entire length of the linea 
alba should be investigated in any patient with an identified epi-
gastric hernia.

FIGURE 13-46. Hypogastric linea alba hernia. Lon-
gitudinal view shows a moderate-sized, fat-containing, periumbili-
cal hypogastric linea alba hernia (asterisk) immediately inferior to 
the umbilicus (U). Note that neck of the hernia (arrows) is very 
narrow and that the edematous strangulated fat is hyperechoic in 
comparison to the surrounding subcutaneous fat.
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Incisional Hernias

Incisional hernias occur through surgical scars. Hernia-
tion can occur through any type of surgical scar, includ-
ing laparoscopy ports and stomal sites. Incisional hernias 
can occur in any area along the anterior abdominal wall 
where an incision is made.

FIGURE 13-47. Umbilical hernia. Longitudinal view 
shows moderate-sized, fat and bowel–containing umbilical hernia 
(H). Umbilical hernias pass through dilated umbilical rings (U).

FIGURE 13-48. Umbilical hernia. Longitudinal view of 
moderate-sized, fat-containing umbilical hernia (arrows) in a mor-
bidly obese patient who presented with umbilical pain. The hernia 
was not clinically apparent. In such obese patients the umbilicus 
lies several centimeters inferior to the umbilical ring. Thus, one 
must investigate superior to the umbilicus to identify small to 
moderate hernias.

FIGURE 13-49. Small, nonreducible, strangulated 
umbilical hernia. Note in this transverse view that the edem-
atous strangulated fat within the hernias is hyperechoic compared 
with the surrounding subcutaneous fat.

much less frequently than we are asked to evaluate 
patients for groin pain, because the diagnosis of umbili-
cal hernia is usually obvious clinically. The role of ultra-
sound is usually limited to evaluating for umbilical pain 
in patients who are so morbidly obese that an umbilical 
hernia cannot be detected clinically, or to assess for stran-
gulation. In obese patients the umbilicus courses 
obliquely from deep superiorly to superficial inferiorly 
(Fig. 13-48). Thus the umbilical ring may be much 
more superiorly located that is suspected from the loca-
tion of the umbilicus in obese patients. Untreated umbil-
ical hernias tend to increase in size over time. They  
are usually reducible but may become nonreducible and  
can also become strangulated. Clinically, it may be dif-
ficult to distinguish between acute omphalitis and a 
strangulated small umbilical hernia. Both can present 
with pain and redness in the umbilical area. Sonography, 
however, can readily make the distinction (Figs. 13-49 
and 13-50).

The sonographic evaluation of umbilical hernias is 
similar to that for any hernia. Dynamic maneuvers are 
used, with identification of type, size, contents, reduc-
ibility, and tenderness.

Paraumbilical or Periumbilical Hernias

A “paraumbilical” hernia is not really a distinct type of 
hernia. It is usually either an epigastric or a hypogastric 
linea alba hernia that lies very close to the umbilicus 
(Figs. 13-51 and 13-52). Periumbilical linea alba 
hernias, whether epigastric or hypogastric, are particu-
larly likely to become strangulated (see Fig. 13-46).
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Multiple Hernias

Patients who have one type of hernia are more likely to 
have additional hernias. These patients are more likely 
to have contralateral hernias of the same type, and they 
are more likely to have either ipsilateral or contralateral 
hernias of different types. There are several reasons for 
this. First, bilateralism may be caused by timing of 
closure of fetal canals, and delayed closure for any reason 
is likely to affect both sides simultaneously. Second, 
underlying factors that lead to formation of hernias can 
affect all sites simultaneously. Factors that increase the 
risk of hernias include any cause of chronically increased 
intra-abdominal pressure, as well as repetitive stress. 
Pregnancies, morbid obesity, and ascites can increase 
intra-abdominal pressure long enough to lead to devel-
opment of hernias. Certain professions lead to repetitive 

The herniation can result from thinning and stretch-
ing of the scar or from a tear in a segment of the scar. 
Whether the scar is stretched or torn affects the shape  
of the hernia, its reducibility, and its risk of strangu-
lation. Incisional hernias resulting from thinning 
and stretching of the scar have wide necks and are 
reducible, whereas those resulting from tears in the 
scar are more likely to have narrow necks and to be 
nonreducible (Figs. 13-53 and 13-54). Incisional hernias 
can occur where natural hernias cannot, through the 
bellies of muscles that have been incised (Fig. 13-55). 
Incisional hernias can occur through very small scars 
(e.g., laparoscopy ports) (Video 13-22). Patients who 
have undergone transverse rectus abdominis myocutane-
ous (TRAM) flap breast reconstruction surgery are par-
ticularly likely to have one or more incisional hernias 
(Video 13-23).

A B

C

FIGURE 13-50. Infected urachal sinus in patient 
with umbilical pain and discoloration. A, Transverse 
view shows an edematous umbilicus. B, Longitudinal view shows 
a patent urachal sinus tract (arrows) passing through the edema-
tous tissues in the inferior umbilicus. C, Longitudinal view with 
color Doppler ultrasound shows intense inflammatory hyperemia 
with the inflamed tissues that surround the infected patent urachal 
sinus tract (arrow).
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stress injuries. Sedentary lifestyle, nutritional deficien-
cies, and hereditary factors can result in weak connective 
tissues. Evidence suggests that patients who have mul-
tiple hernias have increased levels of circulating metal-
loproteinases, which can weaken soft tissues.

In a patient with unilateral groin pain, but no demon-
strable hernia on that side during dynamic ultrasound, 
the study can be stopped after examining the symptom-

FIGURE 13-51. Small periumbilical hernia. Patient 
presented with periumbilical pain during the third trimester of 
pregnancy. Longitudinal view shows a fat-containing, nonreduc-
ible epigastric linea alba hernia (asterisk). The increased intra-
abdominal pressure, together with the softening of ligaments that 
occurs in the late third trimester, predisposes to all types of 
hernias. U, Umbilicus; M, myometrium of gravid uterus.

FIGURE 13-52. Periumbilical linea alba hernia. Lon-
gitudinal view shows a small, fat-containing, nonreducible peri-
umbilical hypogastric linea alba hernia. Note that the defect is 
through the linea alba and lies inferior to the umbilicus and 
umbilical ring. U, Umbilicus.

FIGURE 13-53. Incisional hernia. Fat-containing inci-
sional hernia in the right upper quadrant (cholecystectomy scar) 
has a narrow neck (arrows), a broad fundus, and is nonreducible.

FIGURE 13-54. Incisional hernia. Narrow-necked, fat-
containing ventral incisional hernia that is incompletely reducible, 
with no compression on the left, but with compression on the 
right.
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inferior epigastric vessels, explaining why the combina-
tion of the two hernias has been termed a pantaloon 
hernia (Fig. 13-57; Video 13-25). The contralateral 
groin is evaluated as well. This is especially important in 
patients who will undergo laparoscopic hernia repairs, 
because surgeons are more likely to perform bilateral 
repairs using a laparoscopic approach than when per-
forming external herniorrhaphy. Direct inguinal hernias 
and femoral hernias are most likely to be bilateral. As 
many as four or five hernias may be found in a single 
patient (Fig. 13-58; Videos 13-26). Multiple linea alba 
and incisional hernias are also relatively common (see 
Videos 13-21 and 13-23).

Recurrent Groin Hernias

Hernia repair can be performed by direct anterior inci-
sion of the inguinal canal or laparoscopically. Hernia 
repairs performed decades ago were done without mesh. 
Originally, fascia was pulled up to reinforce the inguinal 
area, but this tended to widen the femoral canal and led 
to “recurrent” femoral hernias. “Tension free” external 
repairs using proline mesh were developed to prevent 
this. Recent data suggest that results of laparoscopic 
repairs equal those of external repairs. Laparoscopic 
repairs have the advantage of allowing bilateral repair, 
but require general anesthesia. External repairs are gener-
ally limited to one side, but can be done with regional 
anesthesia. Most hernia repairs now are “tension free” 
and employ mesh. Mesh can be used with both external 

atic side. Again, however, in any patient in whom one 
type of groin hernia is found during the dynamic ultra-
sound examination, the clinician must look for the other 
three types of ipsilateral groin hernias. Femoral and indi-
rect inguinal hernias can occur together (Fig. 13-56; 
Video 13-24). Additionally, direct and indirect inguinal 
hernias can occur on the same side. On long-axis views, 
the necks of the hernias resemble pant legs straddling the 

FIGURE 13-55. Incisional hernia. Longitudinal view 
shows moderate-sized, peritoneal fluid–containing incisional 
hernia through the belly of the rectus muscle, a site in which 
natural hernias do not occur.

FIGURE 13-56. Two hernias. Longitudinal image of indi-
rect inguinal and femoral hernias.

FIGURE 13-57. “Pantaloon” hernia. Long-axis view of 
right inguinal area shows both direct (dir) and indirect (ind) 
inguinal hernias with the inferior epigastric vessels (*) between 
them, a pantaloon hernia. The necks of the direct and indirect 
inguinal hernia resemble pant legs straddling the inferior epigastric 
vessels.
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E

FIGURE 13-58. Patient with five different hernias. 
A, Small, fat-containing left femoral hernia lying anterior to the 
common femoral vein (CFV) during quiet respiration (left image) 
and during a Valsalva maneuver (right image). B, Moderate-sized, 
fat-containing right femoral hernia lying medial and anterior to  
the CFV in quiet respiration (left image) and during a Valsalva 
maneuver (right image). C, Small, fat-containing left indirect 
inguinal hernia during quiet respiration (left image) and during a 
Valsalva maneuver (right image). D, Small, fat-containing right 
indirect inguinal hernia during quiet respiration (left image) and 
during Valsalva maneuver (right image). E, Small, fat-containing, 
nonreducible hypogastric linea alba hernia.

and laparoscopic repairs. Several different types of mesh 
are used.

Unfortunately, recurrent or residual groin pain after 
herniorrhaphy is relatively common. Recurrent hernia is 
not the only cause of residual or recurrent groin pain 
after herniorrhaphy, and dynamic sonography is an inte-

gral part of the evaluation of other causes in patients with 
acute or chronic postherniorrhaphy pain.

In the acute phase, residual pain unchanged from 
preoperative pain is rare and usually the result of an 
unsuccessful hernia repair. The original hernia persists 
and can be demonstrated sonographically. More often, 



Chapter 13 ■ Dynamic Ultrasound of Hernias of the Groin and Anterior Abdominal Wall  513

loosening the repaired internal inguinal ring (Fig. 13-61, 
B). Inguinal canal hematomas or seromas that do not 
compress the spermatic cord or cause testicular ischemia, 
on the other hand, can usually be managed conserva-
tively. Postherniorrhaphy hematomas or seromas can 
become secondarily infected and evolve into abscesses. 
Stitch granulomas or stitch abscesses can cause pain 
(Fig. 13-62).

Late recurring pain also has a variety of causes, but 
recurrent hernia becomes a greater concern, particularly 

acute pain is caused by entities other than recurrent 
hernia, including incisional pain, pain caused by acute 
hematomas (Fig. 13-59) or seromas (Fig. 13-60), and 
sometimes pain radiating into the scrotum as the result 
of spermatic cord compression by a seroma, a hematoma, 
the mesh, or a repair that makes the internal inguinal 
ring too tight. In such cases, it is important to assess the 
ipsilateral scrotum and testis with gray-scale imaging and 
Doppler ultrasound, because cord compression of any 
etiology can lead to testicular infarction (Fig. 13-61, 
A). Doppler ultrasound evidence of testicular ischemia 
may indicate the need for emergency decompression by 
either evacuating an inguinal canal hematoma/seroma or 

FIGURE 13-59. Hematoma. Severe pain, swelling, and 
ecchymosis 2 weeks after left inguinal herniorrhaphy, resulting 
from a huge hematoma filling the entire inguinal canal from the 
groin to the upper pole of the testis.

FIGURE 13-60. Seroma. Extremely large seroma around the 
mesh (m) caused severe right groin pain and swelling a few days 
after herniorrhaphy.

A B

FIGURE 13-61. Testicular ischemia. Testicular ischemia caused by large, acute hematoma within the left inguinal canal after 
herniorrhaphy, with pain radiating into the scrotum. A, Left testis is swollen and edematous. B, Pulsed Doppler spectral analysis of the 
left testis shows decreased velocities and increased impedance from compression of the spermatic cord by the hematoma. Doppler ultra-
sound evidence of decreased flow to the ipsilateral testis in patients with postherniorrhaphy hematomas indicates the need to evacuate the 
hematoma.
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types of mesh are thin and much more difficult to iden-
tify sonographically. Normal mesh can have folds and 
can be rolled at the edges, and it normally bulges mildly 
outward in the upright position and during Valsalva 
maneuvers (Fig. 13-66). Patient history is rarely helpful 
because patients are unaware of the type of mesh used.

However, every effort should be made to identify the 
mesh, because recurrent hernias do not occur though the 

when the pain is similar in type to that present before 
surgery. Late pain etiologies include recurrent hernia, 
seroma, hematoma, abscess, traction on the edges of the 
mesh, immune reaction to the mesh, spiral clips, com-
pression of the spermatic cord, and fibrosis and scarring 
of the ilioinguinal nerve. Again, dynamic sonography is 
essential in evaluating such patients, although it is more 
difficult than in patients not previously repaired.

In patients who had herniorrhaphy without mesh, the 
recurrent hernia is usually of the same type as the origi-
nal. However, it is not unusual, even after tension-free 
repairs, to find a “recurrent” femoral hernia. In such 
cases, especially after external repair, the femoral hernia 
may have been present before the repair, but subclinical 
and unrecognized. This is a major reason why it is 
important to look for all types of groin hernias during 
dynamic sonography. In our experience, “recurrent” 
femoral hernias are less common after tension-free repairs 
that employ mesh, because they usually employ a piece 
of mesh large enough to cover the conjoined tendon, 
internal inguinal ring, femoral canal, and spigelian area.

In patients whose hernias were repaired with mesh, it 
is not possible to determine sonographically whether a 
recurrent inguinal hernia is direct or indirect. It is only 
possible to determine that it is a recurrent inguinal hernia. 
The key to finding recurrent hernias in patients who 
have mesh in place is to identify the mesh and then assess 
for herniations along the edges of the mesh with dynamic 
maneuvers. In patients being evaluated for recurrent 
hernia, the most useful dynamic maneuver is usually the 
compression maneuver with the patient in the upright 
position.

Because many types of mesh are available, the appear-
ance varies greatly. In ideal cases, we can actually see the 
texture of the mesh (Fig. 13-63). In most cases, however, 
the mesh can be seen only as an echogenic line of variable 
thickness with variable shadowing or as an area of vari-
able shadowing (Figs. 13-64 and 13-65). Some newer 

FIGURE 13-62. Subacute stitch abscess. This patient 
developed pain and redness in the left groin weeks after an other-
wise successful herniorrhaphy. Sonography showed a stitch (s) 
within the center of a hyperemic complex fluid collection.

FIGURE 13-63. Normal mesh. The mesh used in this 
hernia repair is thick and echogenic, and individual fibers within 
the mesh are visible. It casts a strong acoustic shadow. The mesh 
can be well seen in only a small percentage of cases.

FIGURE 13-64. Herniorrhaphy mesh with strong 
shadow. Mesh typically appears thick and echogenic and casts 
a strong acoustic shadow, but individual fibers within the mesh 
are not visible sonographically.
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center but rather at the edges of the mesh. Most recurrent 
hernias occur along the inferomedial edge of the mesh 
(Fig. 13-67; Videos 13-27 and 13-28), but it is still 
important to identify the mesh and then assess the entire 
periphery of the mesh, because hernias can occur along 
any edge of the mesh (Video 13-29). Herniation from 
the edge of the mesh likely occurs because the affected 
edge has “pulled loose” (Fig. 13-68).

The edges of the mesh can be anchored to surround-
ing connective tissues with sutures, surgical clips, or 
special spiral clips. The sutures and clips hold the mesh 
in place for about the first 6 weeks after surgery. After 

FIGURE 13-65. Herniorrhaphy mesh with weak 
shadow. Thin, poorly defined mesh casts only a weak acoustic 
shadow. Such mesh can only be identified with high-frequency 
transducers, optimal technique, and careful search.

FIGURE 13-66. Wrinkled herniorrhaphy mesh. 
Mesh can bulge during the Valsalva maneuver or when the patient 
is scanned in the upright position; this may be normal. These 
split-screen images show wrinkled mesh in the supine position in 
quiet respiration (left image) and bulging with straightening of 
some of the wrinkles in the upright position (right image).

FIGURE 13-67. Recurrent inguinal hernia. Short-axis 
view shows small, fat-containing, reducible (dotted line) hernia 
arising from inferomedial edge of the mesh (m), where recurrent 
inguinal hernias most often arise.

FIGURE 13-68. Detached mesh with hernia. Trans-
verse extended-FOV image shows that a large piece of mesh used 
to repair a large ventral hernia has become detached along its right 
edge (arrowhead), allowing a recurrent hernia to protrude from 
under the detached edge (arrows).

this, fibrosis forms and generally holds the mesh in place. 
It is during the first 6 postoperative weeks, before the 
mesh has fibrosed to the anterior abdominal wall, that 
mesh is most likely to pull loose from its anchors. In our 
experience, this is most likely to occur after laparoscopic 
repairs, not because the repair has been defective or 
because laparoscopic repair is less effective, but because 
the patient feels “too well, too soon” after the minimally 
invasive repair and resumes activities that put the repair 
at risk within the first 6 weeks. Some patients may com-
plain of a tearing sensation during some movement, 
followed by the onset of recurrent inguinal pain, but in 
most patients the onset is more insidious.

A chronic hematoma/seroma can cause chronic pain, 
and its evacuation can relieve the pain. Therefore, search-
ing for a hematoma or seroma is a standard part of the 
postherniorrhaphy sonogram. Some patients can develop 
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Hernia Complications

Hernia complications include incarceration, obstruction, 
and strangulation. Incarcerated hernias are simply 
hernias that are nonreducible. Obstructed hernias 
contain incarcerated bowel loops that have become 
mechanically obstructed. Strangulated hernias contain 
incarcerated contents with compromised vascularity. 
Not all strangulated hernias contain bowel loops; even 
preperitoneal fat can become strangulated. Most incar-
cerated hernias are neither obstructed nor strangulated, 
but all obstructed and strangulated hernias are also incar-
cerated. We prefer not to use the term “incarcerated” 
because many referring clinicians confuse incarceration 
with obstruction and strangulation, often believing  
that incarceration is a surgical emergency when it is not. 
Only incarcerated hernias that are also obstructed or 
strangulated are surgical emergencies. Even strangulated 
hernias that contain only preperitoneal fat may not be 
emergencies. It is the presence of bowel loops within 
strangulated hernias that makes them emergent. Instead 
of incarcerated, we use the term nonreducible because 
the referring clinician is less likely to confuse it with 
strangulation.

The shape of hernias affects their reducibility and 
their likelihood of becoming obstructed or strangulated 
in the future. The hernia type affects its shape. Hernias 
that have relatively broad necks in comparison to their 
fundi are usually completely reducible and rarely become 
obstructed or strangulated. Groin hernias that typically 
have broad necks and infrequently strangulate are direct 
inguinal hernias and some indirect inguinal hernias. 

an allergic or hypersensitivity reaction to the mesh, with 
a thin seroma localized to the mesh surface.

When sonography demonstrates no hernia, hema-
toma, or seroma, it is important to assess the mesh for 
tenderness. In many cases without sonographically 
demonstrable pathology, the mesh is tender, for a variety 
of reasons. First, the mesh may compress the spermatic 
cord; compressing the mesh will cause pain that radiates 
into the scrotum. Second, the mesh may be placing trac-
tion on the fibrosis that holds its edges in place; this is 
especially common in patients with significant weight 
gain since surgery. The mesh usually bulges anteriorly in 
such cases. In other cases, the fibrosis that holds the mesh 
in place has entrapped nerves, notably the ilioinguinal 
nerve. This has been a diagnosis of exclusion, confirmed 
by injecting the nerve, then surgically dissecting it free 
of the fibrosis. The normal ilioinguinal nerve can be 
identified sonographically superior to the inguinal canal. 
Ultrasound can be used to guide a block of the nerve, 
but we are unaware of sonography playing a role in 
diagnosing entrapment of the ilioinguinal nerve in 
patients who underwent herniorrhaphy.

The spiral clips used to anchor the mesh require 
special mention. Because these can become tender and a 
source of postherniorrhaphy pain, spiral clips are now 
seldom used. However, their past popularity means 
many patients have them. Spiral clips have a character-
istic radiographic and sonographic appearance (Fig. 
13-69). In some postherniorrhaphy patients with no 
other sonographically demonstrable pathology, the only 
finding is focal tenderness directly over the offending 
clip, which has a classic sonographic appearance (Fig. 
13-70). Surgical removal of the clip will relieve the pain 
and tenderness and generally will not adversely affect the 
soundness of the repair, because the edge of the mesh 
will be held firmly in place by fibrosis, even after the clip 
is removed.

FIGURE 13-69. Spiral clips. Anteroposterior radiograph of 
the pelvis shows spiral clips in both inguinal areas from bilateral 
inguinal herniorrhaphies.

FIGURE 13-70. Spiral clip. Characteristic sonographic 
appearance of a spiral clip (arrows) used to anchor the edges of mesh 
in a repair of inguinal hernia and causing pain and tenderness.
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sound demonstrates normal flow within the hernia  
contents (Fig. 13-74). Care should be taken in equating 
fluid within the hernia sac with strangulation; nonstran-
gulated hernias that contain intraperitoneal contents can 
contain peritoneal fluid, especially in female patients.

Hernias that have relatively narrow necks in comparison 
to their fundi are more likely to be nonreducible, to 
become obstructed, and to strangulate. Hernia types that 
typically have narrow necks and are at high risk for 
strangulation include femoral (Video 13-30), spigelian 
(see Fig. 13-35), linea alba (see Fig. 13-46), umbilical 
(see Fig. 13-47), and some indirect inguinal hernias.

Although vascular compromise is the hallmark of 
strangulation, Doppler ultrasound is not the most sensi-
tive modality for demonstrating signs of strangulation. 
Gray-scale sonography, however, is sensitive. Doppler 
ultrasound shows arterial flow within hernias with some 
success, but generally is not sensitive enough to demon-
strate venous flow and cannot show lymphatic flow at 
all. Lymphatic and venous vessel walls are very thin and 
easily compressed within by the tissues surrounding the 
neck of the hernia. Arteries, on the other hand, are rela-
tively thick walled and incompressible and generally are 
not compressed by the surrounding tissues. Thus, in 
strangulated hernias, the lymphatics and veins become 
obstructed long before arterial flow decreases. Blood can 
still supply the strangulated hernia long after venous and 
lymphatic outflow stops. The continued inflow in the 
presence of obstructed outflow (1) increases intravascular 
pressure, (2) causes increased transudation and exuda-
tion of fluid into the extracellular spaces, and (3) changes 
the gray-scale appearance of the hernia even when 
Doppler ultrasound can still detect arterial inflow. The 
most sensitive findings of strangulation are the presence 
of the following:
• Hyperechoic fat (Fig. 13-71)
• Isoechoic thickening of the normally thin and 

echogenic hernia sac (Fig. 13-72)
• Fluid within the sac (Fig. 13-72; Video 13-30)
• Thickening of bowel wall in bowel-containing 

hernias (Fig. 13-73)
In most strangulated hernias, more than one of these 

gray-scale findings are present, even when Doppler ultra-

FIGURE 13-71. Linea alba hernia. Long-axis extended-
FOV sonogram shows strangulated hypogastric linea alba hernia. 
The hallmark of strangulation is hyperechogenicity of the fat 
with the hernia.

FIGURE 13-72. Femoral hernia. Short-axis view shows 
strangulated left femoral hernia that shows two additional gray-
scale findings of strangulation: transudative or exudative fluid and 
isoechoic thickening of the hernia sac wall. The sac normally 
appears thin and echogenic.

FIGURE 13-73. Linea alba hernia. Longitudinal view 
shows strangulated periumbilical epigastric linea alba hernia. The 
fat is hyperechoic, the sac wall is isoechoic and thickened, and a 
small bowel loop (b) has a thickened wall and is aperistaltic.
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ligament contains smooth muscle fibers from which leio-
myomas can arise (Fig. 13-77).

Round ligament varices develop as collateral path-
ways for uterine venous drainage during pregnancy. 
They are usually asymptomatic and incidental, but in 
some patients can cause a tender, palpable, inguinal or 
labial abnormality. They usually resolve spontaneously 

Entities That Simulate  
Groin Hernias

A wide spectrum of space-occupying lesions in the groin 
can simulate hernias of the groin. Entities that can occur 
within the inguinal canal include lipomas; processus vagi-
nalis cysts or hydroceles (hydroceles of canal of Nuck); 
round ligament cysts, leiomyomas, or varices; desmoids; 
endometriomas; sarcomas; hematomas; seromas; unde-
scended testes; and metastatic peritoneal implants. Ingui-
nal lymphadenopathy, common femoral or external iliac 
artery aneurysms and pseudoaneurysms, iliopsoas bursae, 
and sebaceous cysts can all occur within the groin, but 
outside the inguinal canal. Additionally, pain from intra-
abdominal inflammatory processes can simulate groin 
pain; acute appendicitis and acute diverticulitis can cause 
pain near the groin.

Cysts or hydroceles of the inguinal canal can occur 
in both males and females. In males these localized fluid 
collections can occur when the segment of the processus 
vaginalis peritonei within the inguinal canal does not 
fuse while segments proximal and distal to it do fuse. 
This leads to accumulation of fluid within the unfused 
segment of processus vaginalis and forms a localized 
process hydrocele. In males these occur within the ingui-
nal canal next to the spermatic cord and can compress 
the cord (Fig. 13-75). In females the unfused processus 
vaginalis is called the canal of Nuck, so this localized cyst 
or hydrocele is termed a cyst or hydrocele of the canal 
of Nuck (Fig. 13-76). Hydroceles are usually unilocular 
and fixed in position within the canal, but can become 
lobulated and septated as they enlarge.

The round ligament can give rise to cysts and leio-
myomas. Unlike inguinal canal hydroceles, which are 
fixed in position, round ligament cysts can be mobile 
and can move back and forth between the abdominal 
cavity and the inguinal canal (Video 13-31). The round 

A B

FIGURE 13-74. Strangulation. A, Abnormal hyperechogenicity of the fat within this umbilical hernia indicates that it is strangu-
lated. B, Color Doppler and pulsed Doppler spectral ultrasound analysis shows normal flow within the hernia, despite it being strangulated. 
Gray-scale findings are more sensitive than Doppler ultrasound for detecting strangulation in a hernia.

FIGURE 13-75. Hydrocele. Short-axis view of the mid–
right inguinal canal shows a hydrocele (H) compressing the sper-
matic cord (SC) posteriorly and to the right.
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Endometriomas can occur along the course of the 
round ligament within the inguinal canal (Fig. 13-80). 
They often have a history of cyclical variation in size and 
tenderness.

Most so-called inguinal canal lipomas are not true 
lipomas, but rather nonsliding-type indirect inguinal 
hernias that contain only properitoneal fat. However, 
true lipomas can occur anywhere along the length of the 
inguinal canal (Fig. 13-81) and into the scrotum or 
labium majorum (Fig. 13-82).

Entities that Simulate Anterior 
Abdominal Wall Hernias

Subcutaneous or intramuscular lipomas have a sono-
graphic appearance identical to those of the inguinal 
canal or labium (Figs. 13-81 and 13-82).

FIGURE 13-76. Hydrocele. Short-axis view in female 
patient shows a lobulated, thinly septated hydrocele of the canal 
of Nuck (inguinal canal).

FIGURE 13-77. Leiomyoma. Long-axis view of the right 
inguinal canal in female patient shows a leiomyoma (L) arising 
from the round ligament (arrows) that presented as a palpable 
nodule; IEA, inferior epigastric artery.

A B

FIGURE 13-78. Varices. Round ligament varices are evident only when the patient is upright. Patient presented with tender swelling 
in the left labium majorum after running. A, Split-screen image shows the round ligament during quiet respiration in the supine position 
(left image) and in the upright position (right image). B, Long-axis color Doppler ultrasound view shows abundant flow within the round 
ligament varices when the patient is upright.

completely after delivery, but in a few patients can persist 
and cause inguinal pain and swelling months or years 
after the last pregnancy. They are relatively inapparent 
with the patient in the supine position, but become 
larger and have faster flow in the upright position (Fig. 
13-78). Round ligament varices are typically more symp-
tomatic and larger when the patient is upright and after 
exercise such as running, when varices become hyper-
emic. Occasionally, round ligament variceal thrombosis 
occurs spontaneously, most often in the postpartum 
period when collateral uterine flow through them 
regresses (Fig. 13-79).
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Anterior abdominal wall desmoids are usually spo-
radic. They arise from the fibrous elements of the ante-
rior abdominal wall aponeuroses or muscle sheaths. 
Desmoids are locally invasive and tend to recur if not 
excised widely enough, but do not metastasize distantly. 
Sonographically, desmoids are solid nodules or masses 
that are irregular in shape and that have some internal 
vascularity (Figs. 13-87 and 13-88). Desmoids are dif-
ficult to distinguish from sarcomas, except for slightly 
less blood flow on color or power Doppler ultrasound. 
If not excised, desmoids grow progressively (Fig. 13-89).

In patients being evaluated for incisional hernias, exu-
berant scars (Fig. 13-83) and fat necrosis (Fig. 13-84) 
resulting from previous surgeries can clinically simulate 
an anterior abdominal wall incisional hernia.

Hematomas of the rectus abdominis (Fig. 13-85) or 
oblique muscles (Fig. 13-86) can cause pain and swelling 
that simulate anterior abdominal wall hernia. The patient 
usually (but not always) has a history of significant acute 
trauma. In patients without a classic history, sonography 
can be helpful.

Desmoid tumors (aggressive fibromatosis) are rare, 
except in patients with familial adenomatoid fibromato-
sis (FAP), whose tumors are usually intra-abdominal. 

FIGURE 13-79. Varices. Long-axis view shows partially 
thrombosed left round ligament varices in a patient who presented 
with left groin pain 4 weeks postpartum. The decreasing uterine 
flow that occurs in the postpartum period can lead to thrombosis 
of round ligament varices that develop as collateral pathways 
during pregnancy.

FIGURE 13-80. Endometrioma. Long-axis view of the left 
inguinal canal shows a multiloculated complex cyst, an endome-
trioma, in a patient who complained of intermittent inguinal pain 
and swelling.

FIGURE 13-81. Inguinal lipoma. Short-axis view of the 
right inguinal canal shows a true hyperechoic lipoma of the ingui-
nal canal lying lateral to the spermatic cord (SC). Most “lipomas” 
of the inguinal canal are merely nonsliding-type inguinal hernias 
that contain only preperitoneal fat.

FIGURE 13-82. Labial lipoma. Transverse view of isoechoic 
lipoma of the left labium majorum in patient who complained of 
painless swelling of the left labium.



FIGURE 13-83. Incisional hernia. Exuberant scar tissue 
causes the palpable abnormality on the right side (left image) that 
was clinically suspicious for incisional hernia. The mirror-image 
location is normal on the left side (right image). Patient presented 
with a painless lump in the area of a previous right lower quadrant 
surgical incision.

FIGURE 13-84. Calcified oil cyst. Transverse image shows 
mass that presented as a painless palpable lump in the vicinity of 
a previous hypogastric midline surgical incision, considered clini-
cally suspicious for an incisional hernia.

FIGURE 13-85. Tear and hematoma. Long-axis 
extended-FOV image shows an acute right rectus abdominis 
muscle tear and hematoma that presented with acute pain and 
swelling in the right groin and lower anterior abdominal wall. The 
referring physician was suspicious of an acute right sports hernia.

FIGURE 13-86. Tear and hematoma. Transverse 
extended-FOV image shows an acute tear and hematoma within 
the internal oblique muscle (ii) in a patient who presented with 
acute pain in the left lower quadrant; eo, external oblique muscle; 
ta, transverse abdominis muscle.

FIGURE 13-87. Desmoid tumor. Anterior abdominal wall 
desmoid tumor is highly hypoechoic, irregular in shape, and dif-
ficult to distinguish from a sarcoma. It presented as a painful and 
tender lump.

FIGURE 13-88. Desmoid tumor. Anterior abdominal wall 
desmoid tumor has a small amount of peripheral blood flow.
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tenderness, because asymptomatic clinically insignificant 
groin hernias are frequently identified sonographically.

Evaluation of groin pain in athletes is frequently  
more complex than in nonathletes because of associated 
tendinosis and osteitis pubis. Adding MRI to dynamic 
ultrasound is usually necessary to identify underlying 
pathologic processes and decide the best combination of 
surgical and nonsurgical treatments.

Benign and malignant connective tissue tumors of the 
anterior abdominal wall such as fibromas (Fig. 13-90) 
and fibrosarcomas (Fig. 13-91) can simulate anterior 
abdominal wall hernias.

SUMMARY

Dynamic ultrasound is the key examination for assessing 
groin or anterior abdominal wall pain. Dynamic compo-
nents of the examination include Valsalva and compres-
sion maneuvers and scanning in both supine and upright 
positions. Dynamic sonography enables clinicians to 
determine hernia type, size, contents, reducibility, and 
tenderness. Each of these should be determined during 
the scan and specifically mentioned in the final report. 
We also venture an educated guess as to the clinical sig-
nificance of the hernia based on type, size, contents, and 

A B

FIGURE 13-89. Desmoid tumor. Although desmoid tumors are considered histologically benign and do not metastasize, they are 
locally invasive and will enlarge if not excised. A, This desmoid tumor developed as a tender nodule a few months after pregnancy. The 
patient elected not to have it excised. B, In 23 months, desmoid tumor enlarged from 1.3 to 2.4 cm. The patient then elected to have it 
excised.

FIGURE 13-90. Fibroma. Long-axis view of a benign 
fibroma of the anterior rectus sheath of the inferior right rectus 
abdominis muscle that presented as a nontender swelling near the 
right groin. Note that there is minimal internal vascularity.

FIGURE 13-91. Fibrosarcoma. Transverse view of a fibro-
sarcoma of the anterior sheath of the left rectus abdominis muscle 
that presented as a painless lump. It is similar in appearance to 
the fibroma shown in Figure 13-90 but is much more vascular 
internally.
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Patients with one hernia frequently have multiple 
hernias, so in any patient in whom a hernia is sono-
graphically demonstrable, the examination should be 
continued, looking for other types of ipsilateral and con-
tralateral groin or anterior abdominal hernias. Even 
when no additional hernias are found, it is important to 
the surgeon to specifically mention in the report that a 
complete search of both groin areas was made and no 
additional hernias were found.

Strangulation is the most dreaded complication of 
groin hernias. Gray-scale findings of strangulation—
hyperechoic fat, isoechoic thickening of the hernia sac, 
fluid within the sac, and thickening of the walls of bowel 
loops—are all more sensitive for strangulation than is 
Doppler ultrasound.

Recurrent pain after herniorrhaphy is a relatively 
common problem. Dynamic sonography can be helpful 
in assessing both acute and chronic recurrences of groin 
pain. Most hernia repairs now use mesh. The key to 
sonographic identification of recurrent hernias is to assess 
the edges of the mesh with dynamic maneuvers, because 
recurrent hernias arise from the edges of the mesh.

Many pathologic processes can simulate hernia, both 
rare and nonspecific, but cysts or hydroceles of the pro-
cessus vaginalis (or canal of Nuck) and round ligament 
varices are relatively common and have virtually pathog-
nomonic sonographic appearances.
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Ultrasound of the abdomen and pelvis has become 
an extension of the physical examination when evaluat-
ing patients with abdominal symptoms and signs. It is 
accurate, safe, readily available, and relatively inexpen-
sive. Evaluations have traditionally focused on assessing 
the solid viscera, the gallbladder, and bile ducts. Fre-
quently, images of only these organs are recorded, and 
the peritoneal cavity is often neglected or subjected to 
cursory evaluation. The general belief is that ultrasound 
is not particularly helpful at imaging the peritoneum 
because of technical limitations, such as poor visibility 
and interference from bowel gas. There is also unfamil-
iarity with the common sonographic features encoun-
tered with peritoneal disease, as reflected by extensive 
literature on ultrasound of the liver, gallbladder, bile 
ducts, pancreas, spleen, kidneys, bladder, and reproduc-
tive organs, but little on sonographic evaluation of the 
peritoneum and peritoneal cavity. As a result, teaching 
of optimal sonographic technique to evaluate these areas 
is minimal.

If peritoneal pathology is a clinical concern, computed 
tomography (CT)1,2 or magnetic resonance imaging 
(MRI)3-5 is generally used to investigate. We believe that 
ultrasound can also be sensitive and specific in this 
regard.6 To be successful, however, two criteria must be 
met: (1) the operator must be aware of the potential 
involvement of the peritoneum and peritoneal cavity 
with a disease process, and (2) these areas must receive 
a thorough sonographic assessment.

PERITONEUM, OMENTUM,  
AND MESENTERY

The peritoneum is a serous membrane lined with epi-
thelial cells. It is divided into the parietal and visceral 
peritoneum. The parietal peritoneum lines the anterior 
and posterior walls of the abdominal cavity and is visible 
with ultrasound as a thin, smooth, echogenic line in  
the deepest layer of the anterior abdominal wall. Bowel 
loops can usually be seen deep to the parietal perito-
neum, moving independent of it with respiration. The 
visceral peritoneum, on the other hand, covers the 
intra-abdominal organs and is not visible with ultra-
sound in its normal state. The potential space between 
these two layers is known as the peritoneal cavity, which 
usually contains a small volume of fluid that acts as a 
lubricant.7

The small bowel mesentery is a specialized, fan-
shaped, peritoneal fold extending from the second 
lumbar vertebra to the right iliac fossa. It connects the 
jejunum and ileum to the posterior abdominal wall. It 
is composed of a double layer of peritoneum, blood 
vessels, nerves, lacteals (lymphatic capillaries in villi), 
lymph nodes, and a variable amount of fat. Normal 
bowel mesentery is best assessed with ultrasound in the 
presence of ascites; it appears as freely floating, smooth 
leaves separated by fluid, directed toward the center of 
the abdomen, away from small bowel loops (Fig. 14-1). 
In the absence of ascites, the mesentery is more difficult 
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SONOGRAPHIC TECHNIQUE

Sonographic assessment of the peritoneum requires the 
motivation to evaluate, as far as possible, the parietal and 
visceral peritoneum, mesentery, omentum, and perito-
neal cavity. The initial survey of the peritoneum and 
peritoneal cavity is performed with a standard-frequency, 
3.5-MHz or 5-MHz, transducer (Fig. 14-2, A). The field 
of view (FOV) is set to include the full depth of the 
peritoneal cavity, but no more; this adds perspective to 
the image. The focal zone is continually adjusted to 
evaluate in detail different depths within the FOV. The 
power and gain settings are also adjusted using a high 
gain setting to characterize free fluid as anechoic or par-
ticulate and a low gain setting to visualize hypoechoic 
nodules or masses optimally. Once the initial survey is 
complete, higher-frequency transducers are used to more 
carefully evaluate and characterize abnormalities in the 
near field (Fig. 14-2, B).

When scanning transabdominally, graded compres-
sion is used to displace bowel gas. Determination of the 
site of origin of a peritoneal process may be aided by 
several techniques. Palpation of an abnormal mass, either 
with the transducer or with the free hand, will determine 
both the compliance and the mobility of a mass. Masses 
arising from the parietal peritoneum are often fixed, 
whereas masses arising from the visceral peritoneum may 
be mobile. This distinction may also be demonstrated by 
changing the patient’s position or with changes in respi-
ration. For example, in the right upper quadrant, a lesion 
in the near field is likely to be located on the parietal 
peritoneum if the liver moves independent of it with 
respiration.

A transvaginal ultrasound examination is critical for 
all female patients at risk for or with suspected peritoneal 
disease (Fig. 14-2, C). The pelvic pouch of Douglas is a 
common site of involvement, particularly in carcinoma-
tosis and acute conditions. This technique allows exqui-
site assessment of both the parietal and the visceral pelvic 
peritoneum.9,10 In addition to assessing the uterus and 
ovaries, the probe should be directed to the pouch of 
Douglas, by elevating the examining hand, and to both 
pelvic side-walls. The transvaginal scan may also facili-
tate improved visualization of pelvic bowel loops and the 
urinary bladder.

ASCITES

One of the earliest uses of sonography in the abdomen 
and pelvis involved the detection of ascites.11 Normally, 
50 to 75 mL of free fluid is present in the peritoneal 
cavity, acting as a lubricant. Ascites occurs with excess 
accumulation of peritoneal fluid. Ascites can be classified 
as transudate or exudate depending on the protein 
content. In North America, cirrhosis, peritoneal carcino-

to appreciate but has been described as a series of elon-
gated, aperistaltic structures separated from each other 
by specular echoes, best appreciated in the left lower 
quadrant.8 It is frequently difficult to localize a disease 
process to the mesentery, and the relationship to other 
anatomic landmarks may be helpful. For example, lym-
phoma may be correctly localized to the mesentery if a 
mass is seen that encases the mesenteric vessels.

The omenta are also specialized peritoneal folds. 
They are composed of a double layer of peritoneum, 
blood vessels, lymphatics, and a variable amount of fat. 
The lesser omentum connects the lesser curvature of 
the stomach and proximal duodenum with the liver. The 
greater omentum descends from the greater curvature 
of the stomach, anterior to the abdominal contents, 
often as low as the pelvis, then reflects back on itself to 
form a four-layered structure that ascends and separates 
to enclose the transverse colon. A potential space exists 
between the two layers of the greater omentum, which 
is continuous with the lesser sac.

In the normal state, the omenta may be extremely 
difficult or impossible to distinguish with ultrasound.  
In the presence of ascites, the free inferior edge of the 
normal greater omentum may be visible floating in the 
fluid with variable thickness, depending on the fat 
content. In disease the greater omentum may become 
infiltrated, thickened, and nodular. Its superficial loca-
tion allows for careful sonographic evaluation with high-
frequency transducers, and disease processes may often 
be correctly identified and localized to the greater 
omentum even in the absence of ascites.

FIGURE 14-1. Normal mesentery with gross 
ascites. Oblique sagittal ultrasound image of the midabdomen 
shows the normal small bowel mesenteric leaves (arrows) outlined 
by fluid.
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may be used to guide both diagnostic and therapeutic 
paracentesis.

In addition to its excellent capability to quantify 
ascites, ultrasound can also characterize ascites as 
anechoic or particulate. This may be helpful at determin-
ing the source because particulate ascites suggests the 
presence of blood, pus, or neoplastic cells in the fluid. 
The observation of particulate ascites should prompt a 
more detailed assessment of the peritoneum with ultra-
sound,15,16 further imaging with CT/MRI, and therapeu-
tic paracentesis.

Hemoperitoneum has many causes, including 
trauma, ruptured aneurysm, ruptured ectopic pregnancy, 
ruptured liver mass (e.g., adenoma, hepatoma), and 
postsurgical bleeding. Spontaneous hemorrhage may 
occur in patients receiving anticoagulants. The appear-

matosis, congestive heart failure, and tuberculosis 
account for 90% of all cases. Accumulations of blood, 
urine, chyle, bile, or pancreatic juice are more unusual 
causes.

Ascites can be detected with physical examination 
when the volume reaches 500 mL. Transabdominal 
ultrasound can readily detect large volumes of ascites 
(Fig. 14-3). Transvaginal ultrasound is more sensitive in 
this regard, and volumes of free fluid as small as 0.8 mL 
can be demonstrated with the transvaginal probe12 (Fig. 
14-4). With the patient lying supine, free fluid tends to 
accumulate in the paracolic gutters and pelvis,13 particu-
larly the superior end of the right paracolic gutter and 
Morison’s pouch. These areas should therefore be care-
fully assessed when ascites is suspected. Ultrasound is 
also accurate at quantifying14 and localizing ascites and 
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FIGURE 14-2. Optimization of technique. Stage 3 papillary serous adenocarcinoma of the ovary. A, Supra-
pubic sagittal image of the right adnexa using a 5.2-MHz curvilinear transducer, taken at the initial survey, shows ascites and a solid, lobu-
lated, hypoechoic mass (M). The field of view includes the full depth of the peritoneal cavity but no more. B, Transabdominal sagittal 
image of the left flank using a higher frequency, 7.4-MHz, curvilinear transducer shows ascites and hypoechoic seeding on the serosal 
surface of the descending colon (arrows). A low gain setting is used to optimize visualization of the seeding, seen as a thin, continuous 
line on the serosal surface of the gut, which contains shadowing air. C, Transverse transvaginal image of the right adnexa using an 8.4-MHz 
transvaginal probe shows the right adnexal mass (M) and particulate ascites. A high gain setting is used to better characterize the particulate 
ascites.
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intra-abdominal injury requiring urgent laparotomy. 
FAST has replaced peritoneal lavage in many centers.

Chylous ascites is an unusual condition in which 
lymph accumulates within the peritoneal cavity. The 
causes are varied, including trauma, surgery, lymphan
gioma, lymphoma, intestinal lymphangiectasia, and 
cystic hygroma. Sonography may show particulate 
ascites or a fluid-fluid level because of layering of the 
lymphatic fluid.22,23

It is sometimes difficult to decide if fluid visualized in 
the peritoneal cavity is free or loculated. Altering the 
patient’s position may be helpful to establish if the fluid 

ance of acute blood is varied, including anechoic or 
particulate free fluid (Fig. 14-5). A fluid-debris level may 
develop if the patient has maintained a stable position 
for a time. Massive hemorrhage often results in a large, 
echogenic mass that may become more heterogeneous as 
lysis occurs over time (Figs. 14-6 and 14-7).

Focused abdominal sonography for trauma (FAST) 
has become an accepted screening modality for intra-
abdominal injuries in the traumatized patient.17-21 The 
primary focus of this limited study is to detect free intra-
peritoneal fluid with ultrasound in the trauma center. 
Fluid detected in this setting strongly suggests significant 

L

K

FIGURE 14-3. Cirrhosis of the liver with portal 
hypertension. Sagittal image of the right upper quadrant 
readily demonstrates a large amount of ascites surrounding an 
enlarged, bulbous, fatty liver (L). K, Right kidney.

P

FIGURE 14-4. Grade 2/3 ovarian mucinous cystad-
enocarcinoma. Transverse transvaginal image of the right 
adnexa shows a small amount of particulate free fluid (P) and 
serosal seeding (arrows) on loops of bowel in the pelvis. This was 
visible only on the transvaginal scan.

P

FIGURE 14-5. Hemoperitoneum in ruptured 
ectopic pregnancy. Oblique transverse transvaginal ultra-
sound image of the left adnexa shows particulate free fluid (P).

FIGURE 14-6. Blood clot. Acute blood clot secondary to 
rupture of a pseudoaneurysm at the hepatic artery anastomosis 
after liver transplantation. Sagittal ultrasound image of the left 
lower quadrant shows a solid, heterogeneous mass (calipers).
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mass effect, frequently displacing surrounding structures 
from their usual location. Loculated fluid collections can 
occur anywhere in the abdomen and pelvis. Character-
ization of fluid and the demonstration of complexity of 
localized or generalized peritoneal fluid collections are 
strengths of ultrasound, and ultrasound is superior to 
CT scan in this regard (Fig. 14-8).

PERITONEAL INCLUSION CYSTS 
(BENIGN ENCYSTED FLUID)

The fluid produced by active ovaries in premenopausal 
patients is usually absorbed by the peritoneum. This 
balance can be upset by disease processes involving the 
pelvis, such as previous surgery, trauma, pelvic inflam-
matory disease (PID), inflammatory bowel disease 
(IBD), or endometriosis. In these patients the fluid pro-
duced by the ovaries may not be absorbed but may 
become trapped by adhesions. Over time, an inclusion 
cyst forms that frequently encases the ovary and may 
cause pelvic pain and pressure. Inclusion cysts vary in 
size and complexity and may be relatively simple or may 
contain internal echoes and septations.24-26 They often 
cause confusion when imaging is performed and may be 
misinterpreted as representing ovarian cysts, parovarian 
cysts, hydrosalpinges, or even ovarian cancer. The key to 
the correct diagnosis is to suspect this condition based 
on the patient’s profile, then demonstrate a normal 
ovary, either within or on the margin of the inclusion 
cyst, most often with the transvaginal scan (Fig. 14-9). 
Complex peritoneal inclusion cysts are also known as 
multicystic mesotheliomas.27

moves under the force of gravity. For example, free fluid 
in the right paracolic gutter with the patient lying supine 
may move from this location if the patient lies in a left 
lateral decubitus position. The morphology of the fluid 
collection may also be helpful. Free fluid tends to 
conform to the surrounding organs and will frequently 
exhibit acute angles when in contact with surrounding 
structures such as bowel loops. Loculated fluid, on the 
other hand, tends to have rounded margins and show 

U

FIGURE 14-7. Pelvic hematoma 2 days after 
surgery in female patient taking anticoagulants. 
Midline sagittal transvaginal ultrasound image shows the uterus 
(U), with fluid in the endometrial canal, surrounded by a large, 
hypoechoic heterogeneous hematoma (arrowheads).

A B

FIGURE 14-8. Fibrinous peritonitis. A, Axial, oral, and intravenously enhanced CT image through the midpelvis of female patient 
shows loculated fluid in the pouch of Douglas and left adnexa with an enhancing rim (arrow). B, Transverse transvaginal ultrasound image 
taken the same day shows the high degree of complexity of this fluid (arrow) to much better advantage.
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Peritoneal Carcinomatosis

Peritoneal carcinomatosis is the term used to describe 
diffuse involvement of the peritoneum with metastatic 
disease. Carcinomatous seeding involving the parietal 
peritoneum (Fig. 14-11) or visceral peritoneum (Fig. 
14-12) may produce discrete hypoechoic nodules, irreg-
ular masses, or hypoechoic rindlike thickening of the 
peritoneum.16 Ascites is common and may be the only 
finding. The pouch of Douglas, greater omentum,  
Morison’s pouch, and the right subphrenic space are 
common sites,31 and therefore any sonographic evalua-
tion of the peritoneum for metastatic disease should 
include careful and detailed assessment of these areas 
(Fig. 14-13). The parietal peritoneal line is often 
preserved on sonography with small seeds but is  
often lost as the lesion increases in size. Growth of a 
lesion is usually inward, toward the peritoneal cavity, 
but growth outward with invasion of the abdominal 
wall can occur (Fig. 14-14). If psammomatous calci
fication occurs within a peritoneal nodule, it appears 
echogenic with ultrasound, and if the calcification is 
dense, it may demonstrate posterior acoustic shadowing 
(Fig. 14-15).

Peritoneal carcinomatosis can be detected with ultra-
sound in the absence of ascites (Figs. 14-16 and 14-17), 
but its presence greatly enhances the detection of peri-
toneal lesions. Nodules as small as 2 to 3 mm may  
be seen on the parietal and visceral peritoneum with  
the transvaginal probe (Fig. 14-18). The detection of 
omental involvement is also enhanced by ascites. Infiltra-
tion of the omentum leads to an “omental cake,”32 which 
may float freely in the ascitic fluid (Fig. 14-19). Alterna-
tively, the omentum may be adherent to the parietal 

MESENTERIC CYSTS

Mesenteric cysts are rare intra-abdominal masses often 
discovered incidentally at imaging. However, they may 
present clinically with abdominal distention because of 
their size, or acutely with pain because of a complication 
such as hemorrhage, rupture, or torsion. Mesenteric cysts 
are most often of lymphatic (lymphangioma) or meso-
thelial origin but may also be of enteric (enteric duplica
tion cyst) or urogenital origin. Dermoid cysts and 
pseudocysts (infectious, inflammatory, or traumatic) are 
seen as well.28 Mesenteric cysts vary in size from less than 
1 cm to greater than 25 cm, filling the entire peritoneal 
cavity. They may be entirely simple to highly complex 
with extensive internal septations, as sometimes seen  
with lymphangiomas29,30 (Fig. 14-10). Smaller mesenteric 
cysts are frequently mobile, changing location with palpa-
tion or with changes in the patient’s position. Asymp-
tomatic cysts are frequently managed conservatively, 
particularly if simple or with the typical appearance of a 
lymphangioma. Surgery is usually reserved to alleviate 
pressure symptoms or to address acute complications.

PERITONEAL TUMORS

Tumors involving the peritoneum are often encountered 
with ultrasound and are generally malignant. Metastatic 
tumors are much more common than primary peri
toneal tumors. The ovary is the primary site of disease 
in the vast majority of female patients. Other sites of 
primary disease with a propensity to spread to the peri-
toneum include the stomach, colon, breast, pancreas, 
kidney, bladder, uterus, and skin (melanoma).
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FIGURE 14-9. Peritoneal inclusion cyst. A, Transverse transvaginal ultrasound image of the right adnexa, and B, axial T2-weighted 
MR image through the midpelvis, show the normal right ovary (O) surrounded by encysted fluid, conforming to the contours of the 
peritoneal cavity. (Reproduced from Wilson SR. Pseudomyxoma peritonei. In Cohen HL, editor. Gastrointestinal disease, test and syllabus. 
American College of Radiology 2004:73-84.)
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FIGURE 14-10. Pelvic lymphangioma in asymptomatic woman. A, Transverse transvaginal ultrasound image shows the 
normal uterus (U) in cross section, surrounded by innumerable cystic spaces with thin septations separating the fluid-filled components. 
There is no identified nodularity. Real-time examination suggested that these cysts were soft and compliant. B, Transvaginal image taken 
lateral to the uterus shows that the cystic changes are extensive. Their distribution and extent do not suggest an ovarian origin. C, Two 
transvaginal images shown side by side show a normal right (R) and a normal left (L) ovary. This excludes the ovaries as a source of the 
pathology. D, T2-weighted MR image confirms the extensive intraperitoneal cystic masses, which appear as areas of high signal intensity 
(arrows). The septations between the fluid components are thin. (Reproduced from Wilson SR. Pseudomyxoma peritonei. In Cohen HL, editor. 
Gastrointestinal disease, test and syllabus. American College of Radiology 2004:73-84.)
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FIGURE 14-11. Parietal peritoneal metastasis from 
squamous cell carcinoma of the lung. Sagittal image 
of the right upper quadrant shows a hypoechoic nodule (arrow) 
anterior to the liver (L). With respiration, the liver moved freely 
and independent of the nodule, which stayed stationary, correctly 
suggesting its location on the parietal peritoneum. K, Kidney.

L

FIGURE 14-12. Visceral peritoneal metastasis from 
adenocarcinoma of the colon. Oblique sagittal image of 
the right upper quadrant shows an echogenic nodule (arrow) on 
the surface of the liver (L), surrounded by ascites. With respira-
tion, the nodule moved in concert with the liver, correctly sug-
gesting its location on the visceral peritoneum.
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FIGURE 14-13. Peritoneal carcinomatosis from mucinous adenocarcinoma, presumably of gastrointestinal 
origin. A, Transverse ultrasound image in the pelvis, and B, CT scan at the same level, show ascites and bilateral ovarian solid masses 
(O) suggestive of Krukenberg tumors. The marked complexity of the fluid with particles and septations is better appreciated on the ultra-
sound scan (arrows in A). C, Transverse midabdominal ultrasound image, and D, corresponding CT scan, both show a thick “omental 
cake” (arrows) displacing bowel loops posteriorly in the peritoneal cavity. There is also a small volume of free fluid. E, Sagittal ultrasound 
image in the right upper quadrant shows a rim of complex, mixed-echogenic material overlying and indenting the convexity of the liver 
(arrow). There is echogenic nodularity on the parietal peritoneum of the diaphragm. This did not move with the liver on respiration, 
confirming its origin from the parietal peritoneum. (Reproduced from Wilson SR. Pseudomyxoma peritonei. In Cohen HL, editor. Gastroin-
testinal disease, test and syllabus. American College of Radiology 2004:73-84.)
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FIGURE 14-14. Abdominal wall seed in patient 
with known peritoneal carcinomatosis. Transverse 
ultrasound image of the midabdomen shows a hypoechoic solid 
mass (M) in the anterior abdominal wall, superficial to the parietal 
peritoneum (arrows).

FIGURE 14-15. Well-differentiated stage 3 papil-
lary serous ovarian cancer. Sagittal ultrasound image 
through the liver shows a calcified implant (arrow) in the ligamen-
tum venosum, with posterior acoustic shadowing.

K

FIGURE 14-16. Stage 3 papillary serous ovarian 
cancer without ascites. Sagittal ultrasound image in the 
right upper quadrant shows a subtle, thin, echogenic “rind”  
of seeding (arrows) on the surface of the liver, extending into 
Morison’s pouch. K, Kidney.

peritoneum in the near field (Fig. 14-20), or it may be 
deeper in the peritoneal cavity, adherent to the visceral 
peritoneum and surrounding small bowel loops (Fig. 
14-21). Thickening of the mesentery, mesenteric 
nodules, and lymphadenopathy are other possible fea-
tures of carcinomatosis.

After the full extent of peritoneal involvement has 
been documented with ultrasound, a careful search 
should be made for the primary lesion within the 
abdomen and pelvis, if not already identified. This search 
should not be limited to the solid organs, gallbladder, 
and bile ducts and should include the stomach and 
bowel.

Primary Tumors of Peritoneum

Primary tumors of the peritoneum are rare and include 
primary peritoneal serous papillary carcinoma 
(PPSPC), malignant mesothelioma, and lymphoma. 
PPSPC is a multicentric peritoneal tumor that is mor-
phologically identical to ovarian serous papillary car
cinoma (OSPC) of equivalent grade but that can spare 
or minimally invade the ovaries.33 Women with PPSPC 
are more likely to present with ascites than women with 
OSPC and have a worse 3-year survival rate.34 Imaging 
may demonstrate the typical features of peritoneal carci-
nomatosis, but no obvious primary site35-39 (Fig. 14-22). 
The ovaries are generally normal in size but may be 
enlarged by surface involvement.

Primary peritoneal mesothelioma accounts for 10% 
to 30% of all cases of malignant mesothelioma1,2,27,40 and 
is most common in middle-aged men. The tumor proves 
invariably fatal, and as with mesothelioma of the pleura, 
there is an association with asbestos exposure. Up to 
65% of chest radiographs show evidence of asbestos 
exposure at diagnosis. In this condition the parietal and 
visceral peritoneums are diffusely thickened or are exten-
sively involved by tumor plaques or nodules. These 
plaques and nodules may aggregate to form discrete 
masses. The viscera may be encased or invaded by tumor. 
Ascites is a common finding and is seen in up to 90% 
of cases.41 As with peritoneal carcinomatosis, the nodules 
and plaques are often hypoechoic in peritoneal mesothe-
lioma (Fig. 14-23). Pleural effusions and pleural plaques 
may also be appreciated with ultrasound. The solid 
organs should be evaluated for direct invasion or metas-
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Pseudomyxoma Peritonei

Pseudomyxoma peritonei (PP) is a rare, often fatal intra-
abdominal disease characterized by dissecting gelatinous 
ascites and multifocal peritoneal implants of columnar 
epithelium that secrete copious globules of extracellular 
mucin.45 Controversy surrounds the origin of PP. Some 
studies suggest synchronous ovarian and appendiceal 
tumors in 90% of patients,46 whereas most now believe 
that the condition almost always originates from a per-
forated appendiceal epithelial tumor.47 The disease 
process tends to remain localized to the peritoneal cavity, 
and extraperitoneal spread is rare. PP encompasses 

tases. Ultrasound-guided biopsy can be performed to 
confirm the diagnosis.42 Generally, core biopsies from a 
number of locations are required because of difficulty 
sometimes encountered in establishing the diagnosis of 
peritoneal mesothelioma.

Primary lymphoma of the peritoneum is extremely 
rare and is the non-Hodgkin’s variety.2,43 There is an 
increased incidence in patients with acquired immuno-
deficiency syndrome (AIDS).44 Again, features include 
diffuse peritoneal seeding, often with more focal masses. 
Lymphomatous masses may be extremely hypoechoic 
and can be mistaken for fluid collections with cursory 
assessment (Fig. 14-24).

A B

FIGURE 14-17. Peritoneal implant without ascites. A, Transverse ultrasound image, and B, axial CT image, of the right 
upper quadrant show a small peritoneal implant (arrow) overlying segment 7 of the liver. Note that the implant is better appreciated on 
the ultrasound image.

FIGURE 14-18. Peritoneal carcinomatosis from 
ovarian cancer. Oblique sagittal transvaginal ultrasound 
image shows small (<5 mm), parietal (near-field), and visceral 
(far-field) peritoneal implants (arrows), surrounded by particulate 
ascites.

FIGURE 14-19. Free-floating “omental cake.” Sagit-
tal ultrasound image of the lower midline abdomen shows an 
omental cake (arrows) floating freely in the ascitic fluid. Note the 
free edge of the abnormal greater omentum inferiorly.



534  PART II ■ Abdominal, Pelvic, and Thoracic Sonography

may add additional benefit.50 Because patients present 
with abdominal symptoms, the diagnosis is frequently 
made preoperatively by ultrasound or CT.51 Sonography 
frequently shows complex ascites reflecting the gelati-
nous nature of the fluid. The echogenic foci within the 
fluid are nonmobile, and the bowel loops, instead of 
floating freely, are displaced centrally and posteriorly by 
the surrounding mass, giving a characteristic “starburst” 
appearance (Fig. 14-25). Scalloping of the liver is 
another typical feature of PP.52 Ultrasound may be 
helpful to guide paracentesis in these patients because 
less viscous areas may be identified, with a greater likeli-
hood of successful aspiration.

INFLAMMATORY DISEASE  
OF PERITONEUM

Peritonitis is defined as diffuse inflammation of the 
parietal and visceral peritoneum, with both infectious 
and noninfectious causes.3 Infectious causes include 
bacteria (including tuberculosis), viruses, fungi, and 
parasites. Noninfectious causes are less common and 
include chemical peritonitis (secondary to gastric or 
pancreatic juice or bile), granulomatous peritonitis 
(secondary to foreign bodies such as talc), and sclerosing 
peritonitis associated with continuous ambulatory 
peritoneal dialysis (CAPD).

Most cases of infective peritonitis are bacterial, sec
ondary to complications of disease processes involving 
intra-abdominal organs. Common causes include bowel 
necrosis secondary to ischemia, perforated appendicitis, 
perforated diverticulitis, perforated duodenal ulcer, IBD, 
and postoperative leaks. Culture of the exudate generally 
reveals a mixed flora in this setting, with gram-negative 
bacilli and anaerobes predominating.

Primary or spontaneous bacterial peritonitis (SBP) 
occurs much less often, predominantly in association 
with cirrhosis and nephrotic syndrome. The clinical 
findings are often subtle, and correct diagnosis requires 
a high index of suspicion. SBP should be considered in 
any cirrhotic patient with ascites, fever, and an unex-
plained clinical deterioration. Culture of the ascitic fluid 
will characteristically reveal a single organism, usually 
Escherichia coli.

The sonographic appearance of infective peritonitis 
varies but may include particulate ascites (Fig. 14-26, A), 
loculated ascites, or ascitic fluid containing septations 
(Fig. 14-27), debris, or gas.53 Diffuse thickening of the 
parietal and visceral peritoneum (Fig. 14-26, B), mesen-
tery, and omentum may also be observed, and heteroge-
neous exudate may be seen interposed between bowel 
loops.

Peritonitis secondary to viruses, fungi, or parasites is 
rare and usually occurs in immunocompromised patients 
(Fig. 14-28) or CAPD patients. Echinococcal disease 
may involve the peritoneum.54 A hepatic or splenic cyst 

benign, borderline, and malignant mucinous neoplasms, 
resulting in a variable and poorly predictable prognosis. 
The overall 5-year survival is 40% to 50%, depending 
on cell type.48

Patients with PP present with abdominal pain and 
distention. Ultimately, the bowel becomes encased with 
mucinous material, and bowel obstruction may occur. 
Repeated surgical intervention to remove the accumu-
lated mucinous material remains the treatment of 
choice.49 Perioperative intraperitoneal chemotherapy 

BL

FIGURE 14-20. Omental cake adherent to parietal 
peritoneum. Transverse ultrasound image of the midabdomen 
shows an omental cake (arrows) in the near field, adherent to the 
parietal peritoneum. Small bowel loops (BL) are visible in the far 
field, outlined by ascites.

BL

FIGURE 14-21. Omental cake adherent to visceral 
peritoneum. Transverse ultrasound image of the midabdomen 
shows a thick omental cake (arrows) adherent to the visceral peri-
toneum and encasing gas-filled small bowel loops (BL).
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FIGURE 14-22. Primary peritoneal serous papillary carcinoma. A, Sagittal ultrasound image shows a highly complex 
peritoneal mass between the right hemidiaphragm and the liver (L). The liver border is scalloped. B, Sagittal ultrasound image in the left 
upper quadrant shows a similar complex peritoneal mass over the convexity of the spleen (S). C, Midabdominal image shows a complex 
peritoneal cystic and solid mass of enormous size. D, Transvaginal image taken in the pouch of Douglas shows no normal tissue. The 
entire pouch is filled with a complex cystic and solid tumor. (Reproduced from Wilson SR. Pseudomyxoma peritonei. In Cohen HL, editor. 
Gastrointestinal disease, test and syllabus. American College of Radiology 2004:73-84.)

may rupture, resulting in diffuse seeding of the peritoneal 
cavity. Ultrasound may reveal one or more of the typical 
appearances of hydatid cysts, including daughter cysts, 
the sonographic “water lily” sign, or multiple, closely 
folded echogenic membranes within the cyst cavity.

Abscess

Abscesses may occur at the site of a localized perforation 
or may result from delayed treatment of peritonitis,  
in which case they often develop in dependent areas of 
the abdomen and pelvis. The subphrenic or subhepatic 
spaces and the pouch of Douglas are common locations. 
Ultrasound is often limited in detecting intra-abdominal 
abscesses, particularly in postoperative patients. These 
patients are less mobile because of their recent surgery 
and frequently have open wounds and dressings, limiting 
access for the ultrasound probe. In addition, visibility is 
often limited by extensive bowel gas, a result of paralytic 
ileus. In this setting, it may prove extremely difficult to 

distinguish between a dilated, aperistaltic, fluid-filled  
or gas-filled bowel loop and an extraluminal abscess 
collection.

Recognized features of intra-abdominal abscesses 
include round or oval fluid collections with well-defined 
and irregular walls. They usually contain internal debris 
and septations (Figs.14-29 and 14-30) and occasionally 
small pockets of gas that appear as echogenic foci  
with ultrasound, often with posterior reverberation  
artifact. The presence of gas within a collection is  
virtually diagnostic of infection.55 Ultrasound-guided 
or CT-guided percutaneous drainage is generally the 
treatment of choice, and follow-up sonographic exami-
nations are helpful at assessing response to therapeutic 
intervention.

Tuberculous Peritonitis

Tuberculosis (TB) is still prevalent in developing coun-
tries, with a recent resurgence in the developed world, 
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FIGURE 14-23. Peritoneal mesothelioma. A, Sagittal 
ultrasound image of the left upper quadrant shows a lobulated 
heterogeneous mass (M) involving the greater omentum. B, Sag-
ittal image in the lower abdomen shows two small, hypoechoic 
implants in the near field (arrows). C, Sagittal image of the right 
lower quadrant shows an omental cake (arrows). Note absence 
of ascites.
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FIGURE 14-24. Non-Hodgkin’s lymphoma of the peritoneum. A, Transverse ultrasound image, and B, axial CT image, 
of the right lower quadrant show a mass (M) displacing bowel loops medially. Infiltrated fat (arrows) is seen lateral to the mass as echogenic 
mass effect on the sonogram.
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FIGURE 14-25. Pseudomyxoma peritonei. A, Sagittal ultrasound image of the right upper quadrant shows complex fluid sur-
rounding the liver (L). There is very mild and subtle scalloping of the deep border of the liver. B, Sagittal ultrasound image of the left 
upper quadrant shows the spleen (S) surrounded by highly complex and echogenic fluid. The echogenic components of the fluid do not 
move with gravity. There is an indentation on the convexity of the spleen where the peritoneal process appears to invaginate the splenic 
parenchyma. C, Sagittal ultrasound image of the midline pelvis shows a normal anteverted uterus (U). The pouch of Douglas is filled 
with highly complex fluid. D, Oblique sagittal ultrasound image of the right abdomen at the pelvic brim shows a thin-walled intraperi-
toneal cyst with intracystic septations. This is not within the ovary. The normal right ovary (O) with small follicles is seen adjacent to the 
intraperitoneal cyst. The normal left ovary was seen elsewhere. E, Transverse image in the right paracolic gutter shows a “starburst” within 
the fluid (arrow). This is associated, in our experience, with the presence of mucin in the peritoneal cavity. F, Highly echogenic plaquelike 
structure anteriorly represents a very thick and abnormal omentum, an “omental cake.” There are hypoechoic nodules within the cake 
that are highly suggestive of tumor deposits. 
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FIGURE 14-26. Suppurative peritonitis. A, Transverse transvaginal ultrasound image of the pouch of Douglas shows particulate 
free fluid (P). B, Transverse transvaginal ultrasound image more anteriorly in the pelvis shows diffuse thickening of both the parietal 
(arrows) and the visceral (arrowheads) peritoneum. An S-shaped small bowel loop is seen meandering through the thickened visceral 
peritoneum.
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FIGURE 14-25, cont’d. G, Also taken in the 
peritoneal cavity, this image shows that the loops  
of bowel are compressed deep into the abdomen by  
the overlying abnormal and thick fluid and the  
omental cake. H and I, CT images taken in the upper 
abdomen and the pelvis, respectively (L, liver; S, 
spleen). They confirm the extensive peritoneal process, 
the organ scalloping, and the pouch of Douglas full of 
complex fluid. (Reproduced from Wilson SR. Pseudo-
myxoma peritonei. In Cohen HL, editor. Gastrointesti-
nal disease, test and syllabus. American College of 
Radiology 2004:73-84.)



Chapter 14 ■ The Peritoneum  539

another feature.59 Associated lymphadenopathy in the 
mesentery and retroperitoneum is a common feature and 
is more common than in peritoneal carcinomatosis.60,61 
The nodes may be discrete or conglomerate because of 
periadenitis. Caseation may give rise to a hypoechoic 
center within the node, although a similar appearance 
can be seen with metastatic lymph nodes undergoing 
necrosis. Echogenic nodes caused by fat deposition  
may suggest the diagnosis of TB. Sonographic assess-
ment of the solid viscera may show involvement, particu-
larly hypoechoic masses in the spleen. Ultrasound helps 
guide diagnostic paracentesis in TB peritonitis and may 
also guide fine-needle aspiration of enlarged nodes.62 
Sonography can also readily document response to 
treatment.

Sclerosing Peritonitis

Sclerosing peritonitis is a major complication of CAPD 
and is characterized by the formation of a connective 
tissue membrane covering the peritoneum and eventu-
ally encasing and strangulating bowel loops.63,64 Patients 

particularly among AIDS patients and immigrant pop
ulations.56 Other groups at risk include patients with 
alcoholism and cirrhosis. Of all non-AIDS patients 
with TB, extrapulmonary disease occurs in only 10% to 
15%; this increases to more than 50% in AIDS patients.57 
The peritoneum is a common site of extrapulmonary 
involvement,58 but the chest radiograph will show evi-
dence of pulmonary TB in only 14% of these patients. 
Therefore, a high index of suspicion, particularly in 
high-risk groups, and knowledge of the common  
sonographic features allow for earlier diagnosis of this 
potentially curable disease, thus reducing morbidity and 
mortality.

There are no pathognomonic sonographic features for 
TB peritonitis but, in the proper clinical setting, a 
diffuse peritoneal process may strongly suggest the diag-
nosis. Ascites is frequently present and may be free or 
loculated. It may be anechoic or more frequently particu-
late and may contain fine, mobile strands composed of 
fibrin (Fig. 14-31). These strands may produce a lattice-
like pattern. Irregular and nodular hypoechoic thicken-
ing of the peritoneum, mesentery, and omentum is 
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FIGURE 14-27. Spontaneous bacterial peritonitis. 
A, Oblique transverse ultrasound image of the right upper quad-
rant shows ascites with septations surrounding the right lobe of 
the liver (L). B, Sagittal, and C, transverse, images of the mid/
lower abdomen show particulate fluid (P) with extensive septa-
tions (arrowheads). Bowel loops are displaced posteriorly.
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FIGURE 14-28. Histoplasma peritonitis. A, Sagittal 
ultrasound image of the left upper quadrant shows omental 
infiltration (arrowheads) in the absence of ascites. B, Axial CT 
image confirms omental infiltration (arrowheads). C, Laparo-
scopic image shows the omentum dissected off the parietal peri-
toneum (curved arrow) with multiple small granulomas on the 
parietal peritoneum (arrowheads). Biopsy showed Histoplasma 
peritonitis in this immunocompromised patient.

A

FIGURE 14-29. Abscess. Transverse ultrasound image of the 
midabdomen shows a large abscess collection (A).

A

FIGURE 14-30. Abscess. Sagittal ultrasound image of the 
right lower quadrant shows a large abscess collection with internal 
septations (A).
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LOCALIZED INFLAMMATORY 
PROCESS OF PERITONEAL CAVITY

The CT appearance and significance of inflamed perito-
neal fat are familiar to sonographers. If ultrasound is to 
be successful at investigating patients with abdominal 
symptoms, the sonographic appearance of inflamed fat 
must become just as familiar.

Inflamed perienteric fat appears as an echogenic 
“mass effect,” with ultrasound frequently displacing 
bowel loops out of the scanning plane. Compression 
sonography may greatly enhance the detection of focally 
inflamed fat, and gentle palpation with the transducer 
over this area will frequently show that it is the site of 
the patient’s maximal tenderness. Frequently, an associ-
ated underlying abnormality, such as an abnormal bowel 
segment, can be identified with ultrasound66 (Fig. 
14-33). Appendicitis and diverticulitis are the most 
common acute processes giving rise to focally inflamed 
fat. Other possibilities include IBD, pancreatitis, and 
complicated acute cholecystitis. Progression to phleg-
mon typically shows development of a hypoechoic 
region within the echogenic fat without fluid content 
(Fig. 14-34). If untreated, this may progress to abscess 
formation. Color Doppler imaging frequently shows 
increased blood flow in the area of inflammation.67

RIGHT-SIDED SEGMENTAL 
OMENTAL INFARCTION

Right-sided segmental omental infarction is a rare clini-
cal entity that usually presents with right-sided abdomi-
nal pain and is often mistaken for appendicitis. It is 
important to make the correct diagnosis because the 

initially complain of abdominal pain and loss of ultrafil-
tration. Ultimately, bowel obstruction occurs. Surgery is 
often difficult in these patients, and the prognosis is 
poor. Early diagnosis of sclerosing peritonitis may be 
important in reducing mortality.

Ultrasound is extremely helpful in the diagnosis.65 
Increased peristalsis in multiple bowel loops is one of  
the earliest findings in sclerosing peritonitis. Ascites, 
both free and loculated, is common. With time, the fluid 
becomes more complex with stranding (Fig. 14-32). 
Bowel loops become matted together and are tethered  
to the posterior abdominal wall by a characteristic  
enveloping membrane. This membrane can be seen with 
ultrasound as a uniformly echogenic layer measuring 1 
to 4 mm in thickness.
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FIGURE 14-31. Tuberculous peritonitis. A, Midline transverse ultrasound image shows “matted” bowel loops (arrows) sur-
rounded by ascites. Note thickening of the visceral peritoneum. B, Sagittal ultrasound image of the left adnexa shows the ovary (O) 
embedded in thickened visceral peritoneum and surrounded by ascites.

FIGURE 14-32. Sclerosing peritonitis. Transverse ultra-
sound image of the midabdomen shows extensive, complex, sep-
tated ascites.
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FIGURE 14-33. Inflamed fat. Transverse ultrasound image 
of the right lower quadrant shows echogenic inflamed fat (F) 
associated with a long segment of thickened terminal ileum in 
patient with Crohn’s disease.

ing. The mass often adheres to the parietal peritoneum, 
with bowel moving deep to it on respiration.

ENDOMETRIOSIS

Endometriosis is a common condition affecting predom-
inantly premenopausal women and occurs when func-
tional endometrium is located outside of the uterus. 
Patients may be asymptomatic but frequently present 
with pelvic pain, dyspareunia, or infertility. The ovaries 
and suspensory ligaments of the uterus are the sites most 
often affected, but endometriotic implants can involve 
the bowel, urinary bladder, peritoneum, chest, or soft 
tissues.70

Sonographic evaluation is often normal in patients 
with endometriosis. If endometriomas are present, 
transvaginal ultrasound is very sensitive at detecting and 
characterizing the masses, often showing the typical 
“chocolate” cysts with uniform, low-level internal echoes. 
There may be associated complex free fluid with strand-
ing. Occasionally, tiny echogenic foci may be identified 
along the pelvic peritoneal surfaces. These foci are not 
specific for endometriosis and may also be seen with 
serous papillary ovarian neoplasms. Clinical correlation 
is essential, and occasionally, laparoscopic evaluation 
may be necessary, with biopsy of the peritoneum to rule 
out tumor.

Another possible sonographic finding in endometrio-
sis is the presence of hypoechoic endometrial plaques 
on the serosal surface of pelvic bowel loops or urinary 
bladder. These plaques may tether the wall of the affected 
organ and show flow with color Doppler imaging.  
They are best demonstrated with the transvaginal probe 
(Fig. 14-36).

condition is self limiting and resolves spontaneously with 
supportive measures. Omental infarction occurs in all 
age groups and is thought to result from an embryologic 
variant in the blood supply to the right inferior portion 
of the omentum, leaving it prone to infarction. Precipi-
tating factors include straining and eating a large meal.

Ultrasound reveals an echogenic, ovoid, or cakelike 
mass in the right midabdomen at the site of the patient’s 
tenderness68,69 (Fig. 14-35). Careful assessment will 
reveal no underlying bowel abnormality. The typical 
location of right-sided omental infarction is anterolateral 
to the hepatic flexure of the colon, and it corresponds to 
a circumscribed fatty mass on CT, with areas of strand-

FIGURE 14-34. Inflamed fat with phlegmon. Oblique 
sagittal ultrasound image of the right lower quadrant shows  
the thickened terminal ileum with echogenic inflamed fat and 
hypoechoic perienteric phlegmon formation (arrow).

FIGURE 14-35. Right-sided segmental omental 
infarction. Sagittal image of the right midabdomen shows 
an ovoid echogenic mass (arrowheads). This was the site of the 
patient’s maximal tenderness.
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mainly in women, primarily during the reproductive 
period. Exposure to estrogen seems to play an etiologic 
role. Many patients have uterine leiomyomas as well. 
Conservative care is generally indicated. When LPD 
occurs during pregnancy or with the oral contraceptive 
(OC) use, it may regress spontaneously after delivery or 
with OC discontinuation. Malignant transformation of 
LPD remains uncertain. In a few isolated cases, malig-
nant leiomyosarcomas have been described shortly after 
making the diagnosis of LPD. A clear association, 
however, has not been established. Sonographic evalua-
tion may show multiple small, hypoechoic nodules 
throughout the peritoneal cavity (Fig. 14-37).

LEIOMYOMATOSIS  
PERITONEALIS DISSEMINATA

Leiomyomatosis peritonealis disseminata (LPD) is a rela-
tively rare clinical entity characterized by multiple 
nodules, mainly the result of smooth muscle prolifera-
tion over the surface of the peritoneal cavity.71 LPD 
often mimics a malignant process, but the diagnosis is 
easily made with biopsy.

Typically, LPD is an incidental finding at imaging or 
during procedures such as laparoscopy, cesarean section, 
laparotomy, and postpartum tubal ligation.27 It occurs 
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FIGURE 14-36. Endometriotic plaque. A, Sagittal, and B, transverse, transvaginal ultrasound images show hypoechoic endome-
triotic plaque (arrowheads) along one serosal surface of the sigmoid colon.

A B

FIGURE 14-37. Leiomyomatosis peritonealis disseminata. A, Sagittal ultrasound, and B, axial CT, images show multiple 
small, hypoechoic, enhancing peritoneal nodules (arrows).
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patient lying supine, will frequently shift to the right 
upper quadrant with the patient lying in a left posterior 
oblique position (Fig. 14-38). Free air is most often seen 
just deep to the parietal peritoneum, is best appreciated 
with a linear array transducer, and appears as enhance
ment of the parietal peritoneal line, often with poste-
rior reverberation artifact.75 Another sonographic sign of 
pneumoperitoneum in patients with ascites is gas bubbles 
in the ascitic fluid. Gas bubbles may appear as tiny, float-
ing echogenic foci and have a high association with gut 
perforation and infection of the peritoneal fluid. When 
free air is detected, ultrasound will frequently reveal the 
underlying cause, so the remainder of the abdomen and 
pelvis should be carefully assessed for evidence of inflam-
mation or tumor.74

PNEUMOPERITONEUM

Computed tomography is regarded as the standard for 
detecting, localizing, and quantifying free air.72 Plain 
radiographs are also sensitive at detecting free air, with 
even 1 mL potentially visible on an erect chest radio-
graph. Ultrasound is often the initial imaging modality 
requested to assess abdominal pain, however, so the 
identification of free air is an extremely important 
finding.

Sonographic technique is critical when assessing for 
free air. The patient should be scanned in the supine and 
steep left posterior oblique positions, paying particular 
attention to the epigastrium and right upper quadrants, 
respectively.73,74 Free air in the epigastrium, with the 
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FIGURE 14-38. Pneumoperitoneum. A, Upper midline 
sagittal ultrasound image with patient supine shows a small area 
of enhancement of the parietal peritoneal stripe (arrow) with 
ringdown artifact from free air. B, Sagittal ultrasound image of 
the right upper quadrant with patient in left decubitus oblique 
position shows that small area of enhancement of peritoneal 
stripe (arrow) by free air has moved to lie anterior to the liver. 
C, Upright frontal radiograph of the abdomen confirms free air 
under the right hemidiaphragm (arrow).
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32. Rioux M, Michaud C. Sonographic detection of peritoneal carcino-
matosis: a prospective study of 37 cases. Abdom Imaging 1995;20:47-
51; discussion 56-57.

33. Koutselini HA, Lazaris AC, Thomopoulou G, et al. Papillary serous 
carcinoma of peritoneum: case study and review of the literature on 
the differential diagnosis of malignant peritoneal tumors. Adv Clin 
Pathol 2001;5:99-104.
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noma: computed tomography and magnetic resonance findings.  
J Comput Assist Tomogr 2008;32:541-547.
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CONCLUSION

Assessment of the peritoneum is easily performed with 
ultrasound in the majority of patients and should not 
add significantly to scanning time when the peritoneum 
is normal. There are limitations in extremely obese and 
postoperative patients, but in general, most peritoneal 
diseases can be readily detected and characterized with 
ultrasound. Many patterns of peritoneal disease are non-
specific, however, and sonographic findings must be 
interpreted in light of the patient’s clinical symptoms, 
physical findings, and laboratory investigations. When 
fluid or tissue is required to reach a specific diagnosis, 
ultrasound is an efficient, cost-effective modality for 
guidance.76 It is also a safe, readily available, and rela-
tively inexpensive modality for monitoring disease pro-
gression and response to treatment. In patients with 
ovarian cancer, ultrasound is invariably performed as 
part of the patient’s initial clinical workup. Because peri-
toneal dissemination is the major determinant of both 
prognosis and treatment choices, we recommend includ-
ing the peritoneal cavity in the sonographic assessment 
of this patient population.
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Sonography plays an integral role in the evaluation 
of gynecologic disease. It can determine the organ or site 
of abnormality and provide a diagnosis or short differ-
ential diagnosis in the vast majority of patients. Both 
transabdominal and transvaginal approaches are now 
well-established techniques for assessing the female 
pelvic organs. Transvaginal sonography is now consid-
ered an essential part of almost all pelvic ultrasound 
examinations. Color and spectral Doppler sonography 
helps assess normal and pathologic blood flow. Doppler 
ultrasound can also distinguish vascular structures from 
nonvascular structures, such as dilated fallopian tubes or 
fluid-filled bowel loops. Sonohysterography provides 
more detailed evaluation of the endometrium, allowing 
differentiation among intracavitary, endometrial, and 
submucosal lesions. More recently, three-dimensional 
multiplanar sonography has been shown to be an 
extremely useful addition, especially in evaluating the 
uterus and endometrium.1 Sonography also plays an 
important role in guiding interventional procedures. 

Magnetic resonance imaging has excellent tissue charac-
terization and can be helpful when sonography is incon-
clusive and in the staging of pelvic malignancies. 
Computed tomography has a limited role but is also used 
for cancer staging.

NORMAL PELVIC ANATOMY

The uterus is a hollow, thick-walled muscular organ. Its 
internal structure consists of a muscular layer, or myo-
metrium, which forms most of the substance of the 
uterus, and a mucous layer, the endometrium, which is 
firmly adherent to the myometrium. The uterus is 
located between the two layers of the broad ligament 
laterally, the bladder anteriorly, and the rectosigmoid 
colon posteriorly. The uterus is divided into two major 
portions, the body and the cervix, by a slight narrowing 
at the level of the internal os. The fundus is the superior 
area of the body above the entrance of the fallopian 
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or columnar cells called the germinal epithelium that 
becomes continuous with the peritoneum at the hilum 
of the ovary. The internal structure of the ovary is divided 
into an outer cortex and inner medulla. The cortex 
consists of an interstitial framework, or stroma, which 
is composed of reticular fibers and spindle-shaped cells 
and which contains the ovarian follicles and corpus lutea. 
Beneath the germinal epithelium, the connective tissue 
of the cortex is condensed to form a fibrous capsule, the 
tunica albuginea. The medulla, which is smaller in 
volume than the cortex, is composed of fibrous tissue 
and blood vessels, especially veins. In the nulliparous 
female, the ovary is located in a depression on the lateral 
pelvic wall called the ovarian fossa, which is bounded 
anteriorly by the obliterated umbilical artery, posteriorly 
by the ureter and the internal iliac artery, and superiorly 
by the external iliac vein.2 The fimbriae of the fallopian 
tube lie superior and lateral to the ovary. The anterior 
surface of the ovary is attached to the posterior surface 
of the broad ligament by a short mesovarium. The lower 
pole of the ovary is attached to the uterus by the ovarian 
ligament, whereas the upper pole is attached to the lateral 
wall of the pelvis by the lateral extension of the broad 
ligament known as the suspensory (infundibulopelvic) 
ligament of the ovary. The suspensory ligament contains 
the ovarian vessels and nerves. These ligaments are not 
rigid, and therefore the ovary can be quite mobile, espe-
cially in women who have had pregnancies.

The arterial blood supply to the uterus comes primar-
ily from the uterine artery, a major branch of the ante-
rior trunk of the internal iliac artery. The uterine artery 
ascends along the lateral margin of the uterus in the 
broad ligament and, at the level of the uterine cornua, 
runs laterally to anastomose with the ovarian artery. The 
uterine arteries anastomose extensively across the midline 
through the anterior and posterior arcuate arteries, which 
run within the broad ligament and then enter the myo-
metrium.2 The uterine plexus of veins accompanies the 
arteries.

The ovarian arteries arise from the aorta laterally, 
slightly inferior to the renal arteries. They cross the exter-
nal iliac vessels at the pelvic brim and run medially 
within the suspensory ligament of the ovary. After giving 
off branches to the ovary, the ovarian arteries continue 

tubes. The area of the body where the tubes enter the 
uterus is called the cornua. The anterior surface of 
the uterine fundus and body is covered by peritoneum. 
The peritoneal space anterior to the uterus is the vesico-
uterine pouch, or anterior cul-de-sac. This space is 
usually empty, but it may contain small bowel loops. 
Posteriorly, the peritoneal reflection extends to the pos-
terior fornix of the vagina, forming the rectouterine 
recess, or posterior cul-de-sac. Laterally, the peritoneal 
reflection forms the broad ligaments, which extend 
from the lateral aspect of the uterus to the lateral pelvic 
side walls (Fig. 15-1). The round ligaments arise from 
the uterine cornua anterior to the fallopian tubes in the 
broad ligaments, extend anterolaterally, and course 
through the inguinal canals to insert into the fascia of 
the labia majora.

The cervix is located posterior to the angle of the 
bladder and is anchored to the bladder angle by the 
parametrium. The cervix opens into the upper vagina 
through the external os. The vagina is a fibromuscular 
canal that lies in the midline and runs from the cervix 
to the vestibule of the external genitalia. The cervix 
projects into the proximal vagina, creating a space 
between the vaginal walls and the surface of the cervix 
called the vaginal fornix. Although the space is continu-
ous, it is divided into anterior, posterior, and two lateral 
fornices.2

The two fallopian tubes run laterally from the uterus 
in the upper free margin of the broad ligament. Each 
tube varies from 7 to 12 cm in length and is divided into 
intramural, isthmic, ampullary, and infundibular por-
tions.2 The intramural, or interstitial, portion is approx-
imately 1 cm long, is contained within the muscular wall 
of the uterus, and is the narrowest part of the tube. The 
isthmus, constituting the medial third, is slightly wider, 
round, cordlike, and continuous with the ampulla, 
which is tortuous and forms approximately one-half the 
length of the tube. The ampulla terminates in the most 
distal portion, the infundibulum, or fimbriated end, 
which is funnel shaped and opens into the peritoneal 
cavity (Fig. 15-1).

The ovaries are elliptical in shape, with the long axis 
usually oriented vertically. The surface of the ovary is not 
covered by peritoneum but by a single layer of cuboidal 
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FIGURE 15-1. Normal gynecologic organs. 
Diagram of uterus, ovaries, tubes, and related structures. On 
left side, broad ligament has been removed. (Courtesy Jocelyne 
Salem.)
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Many women will require both transabdominal and 
transvaginal studies. If the initial study is completely 
normal; however, or if a well-defined abnormality is 
detected, no further study is usually necessary. The 
second study is added if the pelvic organs are not well 
visualized. At my laboratory, we begin with a transab-
dominal scan to look for large masses or any obvious 
abnormalities, but we do not ask the patient to fill her 
bladder. If the bladder is full, we will do a complete scan. 
If the bladder is empty, we will proceed directly with the 
transvaginal scan.

Transvaginal sonography should always be performed 
in women with suspected endometrial disorders, in 
patients who have a high risk of disease (e.g., strong 
family history of ovarian cancer), and to assess the inter-
nal characteristics of a pelvic mass. For follow-up exami-
nations, only the more efficient diagnostic technique is 
needed.

Sonohysterography

Sonohysterography (SHG) involves the instillation of 
sterile saline into the endometrial cavity under ultra-
sound guidance. The saline distends the cavity, separat-
ing the walls of the endometrium. The most common 
indication for SHG is abnormal uterine bleeding in  
both premenopausal and postmenopausal women. Other 
indications include evaluation of endometrial or intra-
cavitary abnormalities detected by transvaginal sonogra-
phy or a suboptimally visualized endometrium by 
transvaginal sonography, infertile women, and suspected 
congenital uterine malformations.3

The procedure is explained to the patient and verbal 
consent obtained. A sterile speculum is inserted into the 
vagina and the cervix cleansed with an antiseptic solu-
tion. A special catheter, or a 5-F pediatric feeding tube, 
is inserted into the uterine cavity. The catheter should 
be prefilled with saline before insertion to minimize air 
artifact. A hysterosalpingography catheter with a balloon 
may be necessary in women with a patulous or incom-

medially in the broad ligament to anastomose with the 
branches of the uterine artery. The ovarian veins leave 
the ovarian hilum and form a plexus of veins in the broad 
ligament that communicate with the uterine plexus of 
veins. The right ovarian vein drains into the inferior vena 
cava inferior to the right renal vein, whereas the left 
ovarian vein drains directly into the left renal vein.2

The lymphatic drainage of the pelvic organs is vari-
able but tends to follow recognizable patterns. The 
lymph vessels of the ovary accompany the ovarian artery 
to the lateral aortic and periaortic lymph nodes. The 
lymphatics of the fundus and upper uterine body and 
fallopian tube accompany those of the ovary. The lym-
phatics of the lower uterine body course laterally to the 
external iliac lymph nodes, whereas those of the cervix 
course in three directions: laterally, to the external iliac 
lymph nodes; posterolaterally, to the internal iliac lymph 
nodes; and posteriorly, to the lateral sacral lymph nodes. 
The lymphatics of the upper vagina course laterally with 
the branches of the uterine artery to the external and 
internal iliac lymph nodes, whereas those of the middle 
vagina follow the vaginal artery branches to the internal 
iliac lymph nodes. The lymphatic vessels of the lower 
vagina near the orifice join those of the vulva and drain 
to the superficial inguinal lymph nodes.2

SONOGRAPHIC METHODS

Transabdominal versus 
Transvaginal Scanning

Transabdominal and transvaginal sonography are com-
plementary techniques; both are used extensively in 
evaluation of the female pelvis. The transabdominal 
approach visualizes the entire pelvis and gives a global 
overview. Its main limitations involve the examination 
of patients unable to fill the bladder, obese patients, or 
patients with a retroverted uterus, in whom the fundus 
may be located beyond the focal zone of the transducer. 
The transabdominal technique also is less effective for 
characterization of adnexal masses.

Because of the proximity of the transducer to the 
uterus and adnexa, transvaginal sonography allows the 
use of higher-frequency transducers, producing much 
better resolution, which provides better image quality 
and anatomic detail. However, because of the higher 
frequencies, the field of view (FOV) is limited, which is 
the major disadvantage of the transvaginal technique. 
Large masses may fill or extend out of the FOV, making 
orientation difficult, and superiorly or laterally placed 
ovaries or masses may not be visualized. Transvaginal 
sonography better distinguishes adnexal masses from 
bowel loops and provides greater detail of the internal 
characteristics of a pelvic mass because of its improved 
resolution. Thus, transvaginal and transabdominal tech-
niques complement each other.

ADVANTAGES OF TRANSVAGINAL 
SONOGRAPHY

Use of higher-frequency transducers with better 
resolution.

Examination of patients who are unable to fill their 
bladder.

Examination of obese patients.
Evaluation of a retroverted uterus.
Better distinction between adnexal masses and 

bowel loops.
Better characterization of the internal characteristics 

of a pelvic mass.
Better detail of a pelvic lesion.
Better detail of the endometrium.



550    PART II  ■  Abdominal, Pelvic, and Thoracic Sonography

transabdominal sonography. Because this portion of the 
uterus is situated at a distance from the transducer, it 
may appear hypoechoic and simulate a fibroid. Trans-
vaginal sonography has proved to be excellent for assess-
ing the retroverted or retroflexed uterus because the 
transducer is close to the posteriorly located fundus.

The size and shape of the normal uterus vary through-
out life and are related to age, hormonal status, and 
parity. The infantile or prepubertal uterus ranges from 
2.0 to 3.3 cm (mean, 2.8 cm) in length, with the cervix 
accounting for two thirds of the total length, and 0.5 to 
1.0 cm (mean, 0.8 cm) in anteroposterior (AP) diame-
ter.7 The prepubertal uterus has a tubular or inverse 
pear-shaped appearance, with the AP diameter of the 

petent cervix, to prevent retrograde leakage of saline into 
the vagina. The balloon should be placed as close to the 
internal os as possible and inflated with saline, not air.

The speculum is then removed and the transvaginal 
transducer inserted into the vagina. The catheter posi-
tion in the endometrial cavity is identified and reposi-
tioned if necessary. Sterile saline is then injected slowly 
through the catheter under continuous sonographic 
control. The uterus is scanned systematically in sagittal 
and coronal planes to delineate the entire endometrial 
cavity, and appropriate images are recorded.

In premenopausal women with regular cycles, SHG is 
usually performed in the first 10 days of the menstrual 
cycle, preferably between days 4 and 7. This is when the 
endometrium is thinnest and avoids the possibility of 
disrupting an early pregnancy. For women with irregular 
cycles, the procedure is performed soon after the cessa-
tion of bleeding. In postmenopausal women receiving 
sequential hormone replacement therapy (HRT), 
SHG is performed shortly after the monthly bleeding 
period. In postmenopausal women not receiving HRT, 
the procedure can be performed at any time. SHG 
should not performed in women who are or could be 
pregnant or those with acute pelvic inflammatory 
disease (PID). In most cases, there is no special patient 
preparation. Prophylactic antibiotics may be given to 
women with chronic PID and those with cardiac disor-
ders at risk for bacterial endocarditis.4

More recently, SHG has been combined with three-
dimensional (3-D) multiplanar sonography, providing 
additional information to the standard SHG.5,6 The 3-D 
volume data are analyzed after SHG is completed, 
decreasing the time that the endometrial cavity is 
distended.

UTERUS

Normal Sonographic Anatomy

The uterus lies in the true pelvis between the urinary 
bladder anteriorly and the rectosigmoid colon posteri-
orly (Fig. 15-2). Uterine position is variable and changes 
with varying degrees of bladder and rectal distention. 
The cervix is fixed in the midline, but the body is quite 
mobile and may lie obliquely on either side of the 
midline. Flexion refers to the axis of the uterine body 
relative to the cervix, whereas version refers to the axis 
of the cervix relative to the vagina. The uterus is usually 
anteverted and anteflexed, but it may appear straight  
or slightly retroflexed on transabdominal sonograms 
because of posterior displacement by the distended 
bladder. The uterus may also be retroflexed when the 
body is tilted posteriorly (relative to the cervix) or retro-
verted when the entire uterus is tilted backward (relative 
to the vagina) (Fig. 15-3). The fundus of a retroverted 
or retroflexed uterus is frequently difficult to assess by 

U
V

C

FIGURE 15-2. Normal uterus (U), cervix (C), and 
vagina (V). Sagittal ultrasound scan shows central linear echo 
representing apposed surfaces of vaginal mucosa (V).

FIGURE 15-3. Retroverted uterus. Sagittal transvaginal 
sonogram shows retroverted uterus and secretory endometrium 
(cursors).
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approximately 8 cm in length, 5 cm in width, and 4 cm 
in AP diameter. Parity (pregnancy) increases the normal 
size by more than 1 cm in each dimension.12-14 Merz 
et al.13 also found a significant difference in uterine 
length between primiparas and multiparas, with an 
increase of approximately 1 cm in primiparas and 2 cm 
in multiparas. After menopause, the uterus atrophies, 
with the most rapid decrease in size occurring in the first 
10 years after cessation of menstruation.12 In patients 
over age 65 years, the uterus ranges from 3.5 to 6.5 cm 
in length and 1.2 to 1.8 cm in AP diameter.14

The normal myometrium consists of three layers that 
can be distinguished by sonography (Fig. 15-5). The 
intermediate layer is the thickest and has a uniformly 
homogeneous texture of low to moderate echogenicity. 
The inner layer of myometrium is thin, compact, and 
relatively hypovascular.15,16 This inner layer, which is 
hypoechoic and surrounds the relatively echogenic endo-
metrium, has also been referred to as the subendome-
trial halo. The thin outer layer is slightly less echogenic 
than the intermediate layer and is separated from it by 
the arcuate vessels.

The arcuate arteries lie between the outer and inter-
mediate layers of the myometrium and branch into the 
radial arteries, which run in the intermediate layer to 
the level of the inner layer. The radial arteries then 
branch into the spiral arteries, which enter the endo-
metrium and supply the functional layer. The uterine 
veins are larger than the accompanying arcuate arteries 
and are frequently identified as small, focal anechoic 
areas by both transabdominal and transvaginal sonogra-
phy.17 This vascular pattern can be confirmed by Doppler 
ultrasound (see Fig. 15-5).

Calcification may be seen in the arcuate arteries 
in postmenopausal women because of Mönckeberg’s 
sclerosis.18,19 On sonography, such calcification appears 
as peripheral linear echogenic areas with shadowing;  
they should be distinguished from calcified leiomyomas 

cervix greater than that of the fundus.8 In the immediate 
neonatal period, because of residual maternal hormone 
stimulation, the neonatal uterus is slightly larger, varying 
in length from 2.3 to 4.6 cm (mean, 3.4 cm) and AP 
diameter from 0.8 to 2.1 cm (mean, 1.2 cm).9 Also, an 
echogenic endometrium is seen in the neonatal uterus in 
almost all babies (Fig. 15-4).

A small amount of endometrial fluid may be present 
in up to 25% of neonatal uteri.10 Growth of the prepu-
bertal uterus is minimal from infancy until approxi-
mately 8 years of age, when the uterus gradually increases 
in size until puberty.11 At this time, there is a more dra-
matic increase in size with more pronounced growth in 
the body until it reaches the eventual adult, pear-shaped 
appearance, with the diameter and length of the body 
about double that of the cervix.8 The normal post-
pubertal, or adult, uterus varies considerably in size. 
The maximal dimensions of the nulliparous uterus are 

B

C

FIGURE 15-4. Normal neonatal uterus. Sagittal sono-
gram shows inverse pear shape with cervix (C) having greater 
anteroposterior diameter and length than uterine body; B, bladder. 
The echogenic endometrium (arrow) is thin and normal.

A B

i
e

i

FIGURE 15-5. Uterine veins. A, Transvaginal sagittal scan of uterus surrounded by ascites shows multiple peripheral anechoic uterine 
veins. B, Confirmation by color Doppler ultrasound; e, endometrium; i, hypoechoic inner layer of myometrium. The outer layer of myo-
metrium is separated from the intermediate layer by the arcuate uterine veins.
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the endometrium in the secretory phase following 
ovulation.

The menstrual phase endometrium consists of a thin 
echogenic line. During the proliferative phase, the 
endometrium thickens, reaching 4 to 8 mm. The endo-
metrium is best measured on a midline sagittal scan of 
the uterus and should include both anterior and poste-
rior portions of the endometrium. It is important not to 
include the thin hypoechoic inner layer of myometrium 
in this measurement. A relatively hypoechoic region  
that represents the functional layer can be seen around 
the central echogenic line. In the early proliferative 
phase, this hypoechoic area is thin, but it increases and 
becomes more clearly defined in the later proliferative 
phase (periovulatory), probably as a result of edema. 
The hypoechoic appearance of the proliferative endome-
trium has been related to the relatively homogeneous 
histologic structure because of the orderly arrangement 
of the glandular elements.

After ovulation, the functional layer of the endome-
trium changes from hypoechoic to hyperechoic as the 
endometrium progresses to the secretory phase.23,24 
The endometrium in this phase measures 7 to 14 mm 
in thickness. The hyperechoic texture in the secretory 
endometrium is related to increased mucus and glycogen 
within the glands, as well as to the increased number of 
interfaces caused by the tortuosity of the spiral arteries. 
Acoustic enhancement may be seen posterior to the 
secretory endometrium, but it is not specific because it 
has also been seen with the proliferative endometrium, 
although not as frequently.24

After menopause, the endometrium becomes atro-
phic because it is no longer under hormonal control. 
Sonographically, the endometrium is seen as a thin echo-
genic line measuring no more than 8 mm in the normal 
asymptomatic woman25 (Fig. 15-7, E ). The endometrial 
cavity is best seen with 3-D ultrasound using the ren-
dered coronal image.

Congenital Abnormalities

The incidence of congenital uterine abnormalities is 
approximately 1%. They are associated with recurrent 
pregnancy loss and other obstetric complications, such 

(Fig. 15-6). This is a normal aging process that may be 
accelerated in diabetic patients.

Small, highly echogenic foci in the inner layer of 
myometrium may be seen in normal women. These foci, 
measuring only a few millimeters, may be single or mul-
tiple and are usually nonshadowing. They are thought 
to represent dystrophic calcification related to previous 
instrumentation, such as dilation and curettage (D&C) 
or endocervical biopsy.20 Similar-appearing echogenic 
foci may be seen in the endometrium and endocervix 
and are most often caused by microcalcification.21 
These echogenic foci, whether within the endometrium 
or inner layer of myometrium, are thought to be inci-
dental findings and of no clinical significance.

Uterine perfusion can be assessed by duplex Doppler 
ultrasound or color Doppler sonography of the uterine 
arteries. In normal women, the Doppler waveform 
usually shows a high-velocity, high-resistance pattern.

The normal endometrial cavity is seen as a thin echo-
genic line as a result of specular reflection from the 
interface between the opposing surfaces of the endome-
trium.22 The sonographic appearance of the endome-
trium varies during the menstrual cycle (Fig. 15-7, A-D) 
and has been correlated with histology.15,23,24 The endo-
metrium is composed of a superficial functional layer 
and a deep basal layer. The functional layer thickens 
throughout the menstrual cycle and is shed with menses. 
The basal layer remains intact during the cycle and  
contains the spiral arteries, which become tortuous  
and elongated to supply the functional layer as it thick-
ens. The proliferative phase of the cycle before ovula-
tion is under the influence of estrogen, whereas 
progesterone is mainly responsible for maintenance of 

FIGURE 15-6. Arcuate artery calcification. Transvagi-
nal sagittal scan shows multiple small, peripheral, linear hyper-
echoic calcific foci in the arcuate arteries.

PHASES OF PREMENOPAUSAL 
ENDOMETRIUM: SONOGRAPHIC 

APPEARANCE

Menstrual phase Thin, broken echogenic line
Proliferative phase Hypoechoic thickening 

(4-8 mm)
Periovulatory 
phase

Triple layer (6-10 mm)

Secretory phase Hyperechoic thickening 
(7-14 mm)
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fusion occurs in the medial portion of the ducts and 
proceeds in either a cephalad or a caudal direction, or 
both.26,27 The median septum formed by the medial 
walls of the müllerian ducts then resorbs, leaving a single 
uterine cavity. Uterine malformations may be caused 
by the following (Figs. 15-8 and 15-9):
• Arrested development of the müllerian ducts
• Failure of fusion of the müllerian ducts
• Failure of resorption of the median septum

as intrauterine growth restriction and preterm labor  
and birth. The fused caudal ends of the two müllerian 
(paramesonephric) ducts form the uterus, cervix, and 
upper two thirds of the vagina, whereas the unfused 
cranial ends form the paired fallopian tubes. It was previ-
ously believed that fusion occurs in a cephalad direction. 
However, descriptions of cases with cervical duplication 
and a fully fused uterine body and fundus have chal-
lenged this concept. A more recent hypothesis is that 

A B C

D E F

G H I

FIGURE 15-7. Endometrium: spectrum of appearances. Transvaginal scans. A, Normal, thin, early-proliferative endome-
trium. B, Normal, late-proliferative endometrium with triple-layer appearance. Central echogenic line is caused by opposed endometrial 
surfaces surrounded by a thicker hypoechoic functional layer, bounded by an outer echogenic basal layer. C, Normal, early-secretory phase 
endometrium. The functional layer surrounding the echogenic line has become hyperechoic. D, Normal, thick, hyperechoic late-secretory 
endometrium. E, Normal, thin, postmenopausal endometrium. F, Oval, well-defined polyp that is more hyperechoic than surrounding 
periovulatory endometrium. G, Thickened endometrium caused by multiple small polyps confirmed on sonohysterogram. H, Thick, 
cystic endometrium caused by hyperplasia in patient taking tamoxifen. I, Thick, cystic endometrium caused by large polyp in patient 
receiving tamoxifen.
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the poorest reproductive outcomes, with a high rate of 
spontaneous abortion.29 The septate or subseptate uterus 
can be distinguished from the bicornuate uterus by 
looking at the external contour of the uterus. The arcuate 
uterus is caused by almost complete resorption of the 
median septum, with only a mild indentation of the 
endometrium at the fundus. The external uterine contour 
is normal. There is still debate whether the arcuate uterus 
should be considered an anomaly or a normal variant.

Uterine abnormalities have also been seen in patients 
exposed in utero to diethylstilbestrol (DES), which was 
discontinued in 1971. DES given during the first trimes-
ter crosses the placenta and exerts a direct effect on the 
müllerian system of the fetus. Sonography may demon-
strate a diffuse decrease in the size of the uterus and an 
irregular T-shaped uterine cavity.30,31

There is a high association between uterine malfor-
mations and congenital renal abnormalities, especially 
renal agenesis and ectopia.32 In all patients with uterine 
malformations, the kidneys should be evaluated sono-
graphically. In patients with an absent or ectopic kidney, 
the uterus should be scanned for malformations. Renal 
abnormalities are more common in patients with a uni-
cornuate uterus (~40%) and are always on the same side 
as the uterine abnormality.

The most common classification system is that of  
the American Fertility Society (AFS), which is based  
on embryology (Table 15-1). However, this system is 
problematic because it does not consider more compli-
cated uterine anomalies or vaginal anomalies, such as 
septa. It also does not provide measurements to help 
determine whether the uterus is arcuate, septate, or 
bicornuate. Salim et al.33 modified the AFS system by 

Normal
uterus

Uterus
didelphys

Uterus bicornis
bicollis

Uterus bicornis
unicollis

Uterus 
arcuatus

Uterus
septus

Uterus
subseptus

Uterus unicornis
unicollis

A B C D

E F G H
FIGURE 15-8. Congenital uterine abnormalities. Diagram of common types. (Courtesy Jocelyne Salem.)

Arrested development of the müllerian ducts may be 
either unilateral or bilateral. Arrested bilateral develop-
ment is extremely rare and results in congenital absence 
of the uterus, or uterine aplasia. Arrested unilateral 
development results in a uterus unicornis unicollis, or 
one uterine horn and one cervix. Hypoplasia of one mül-
lerian duct may result in a rudimentary uterine horn. 
Approximately 65% of unicornuate uteruses will have a 
rudimentary horn and about half of these will contain 
no endometrial cavity (noncavitary). The other half will 
have an endometrial cavity (cavitary), of which approxi-
mately 70% will not communicate with the other horn 
(noncommunicating) and approximately 30% will com-
municate with the other horn (communicating).28,29

Failure of fusion of the müllerian ducts may be com-
plete, resulting in a uterus didelphys, or two cervices 
and two uterine horns, or partial, which may result in 
either a uterus bicornis bicollis (two cervices and two 
uterine horns) or a uterus bicornis unicollis (one cervix 
and two uterine horns). The didelphys uterus has an 
associated longitudinal vaginal septum in approximately 
75% of cases, and there is complete separation of the 
uterine horns and cervices, whereas some communica-
tion exists between the uterine horns in a uterus bicornis 
bicollis.

Failure of resorption of the median septum results 
in a septate uterus or subseptate uterus, depending on 
whether the failure is complete (extending to the cervical 
os) in a septate or partial in a subseptate uterus. This 
septum results in complete or partial duplication of the 
uterine cavities without duplication of the uterine horns 
and is the most common müllerian duct anomaly 
(~55%).29 The septate uterus is associated with some of 
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est. Two endometrial echo complexes may be seen in the 
bicornuate or septate uterus. Sonography can also outline 
the external contour of the uterus. In the didelphys and 
bicornuate uterus the endometrial cavities are widely 
separated, and there is a deep indentation on the fundal 
contour. The septate uterus, in contrast, has a relatively 
normal outline, and the two endometrial cavities are 

adding measurements obtained from the coronal view of 
the uterus.

Conventional two-dimensional (2-D) sonography is 
considered a good screening test because most uterine 
anomalies can be detected by this method.34 The exami-
nation should be performed during the secretory phase 
of the menstrual cycle, when the endometrium is thick-

A B

C D

E F

FIGURE 15-9. Congenital uterine abnormalities. A, Unicornuate uterus; B, arcuate uterus; C, subseptate uterus; D, septate 
uterus with pregnancy on right side; E and F, didelphys uterus with two separate uterine horns (black arrows) and cervices (arrows). A to 
E, 3-D coronal reconstructions; F, MR image. (A, E, and F courtesy Anna Lev-Toaff, MD.)
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laterally positioned with a curved banana-like shape. The 
arcuate uterus has a normal external fundal contour  
with a broad smooth indentation on the fundal endo-
metrium forming an obtuse angle at its central point and 
measuring less than 1 cm when measured from the 
cornual angle.39 Magnetic resonance imaging (MRI) is 
also highly accurate in demonstrating uterine anoma-
lies.29,35 Because of its relatively high cost, however, MRI 
is usually reserved for the more complicated anomalies.

Abnormalities of the Myometrium

Leiomyoma

Leiomyomas (fibroids) are the most common neoplasms 
of the uterus. They occur in 20% to 30% of females over 
age 30 years40 and are more common in black women. 
Fibroids are usually multiple and are the most common 
cause of enlargement of the nonpregnant uterus. 
Although frequently asymptomatic, women with leio-
myomas can experience pain and uterine bleeding. Leio-
myomas may be classified as intramural, confined to the 
myometrium; submucosal, projecting into the uterine 
cavity and displacing or distorting the endometrium; or 
subserosal, projecting from the peritoneal surface of the 
uterus.

closer together and are separated by a septum. The 
septum has a poor blood supply and contains fibrous 
and/or myometrial tissue.35,36 Sonography, combined 
with hysterosalpingography, has a high level of accuracy 
in distinguishing between the septate and the bicornuate 
uterus.37 It is important to differentiate these two condi-
tions because the septate uterus can be treated by outpa-
tient hysteroscopic resection of the septum. Because the 
bicornuate uterus consists of two separate uterine horns, 
each containing a full complement of myometrium and 
endometrium, correction, if necessary, requires abdomi-
nal surgery.

The unicornuate uterus is difficult to differentiate 
from the normal uterus by conventional sonography. It 
may be suspected when the uterus appears small and 
laterally positioned. Hydrometra in the opposite rudi-
mentary horn may be seen and mistaken for a uterine or 
adnexal mass. The bicornuate uterus may also be con-
fused with a uterine or adnexal mass if the central endo-
metrial echo complex is not seen in one horn. In many 
cases the bicornuate uterus is first diagnosed incidentally 
in early pregnancy when a gestational sac is present in 
one horn and there is decidual reaction in the other.

Three-dimensional ultrasound with multiplanar 
imaging has been shown to be more accurate in detect-
ing and classifying uterine anomalies with high sensitiv-
ity and specificity27,29,38,39 (see Fig. 15-9). The coronal 
view through the entire uterus, which cannot be obtained 
on routine 2-D ultrasound because of the limited mobil-
ity of the transducer in the vagina, is essential for accu-
rate diagnosis. The coronal view provides more accurate 
visualization of the external uterine fundal contour and 
endometrium, which allows better differentiation among 
bicornuate, septate, and arcuate uterus. The normal, 
septate and arcuate uterus usually have a normal convex 
or flat external fundal contour but may have a shallow 
fundal indentation measuring less than 1 cm in depth, 
whereas the bicornuate uterus has an external fundal cleft 
of at least 1 cm dividing the two cornua.33,39 The uni-
cornuate uterus is small, with only one cornual angle 

LEIOMYOMA CLASSIFICATION

Intramural Confined to the myometrium
Submucosal Projecting into the uterine cavity
Subserosal Projecting from the peritoneal 

surface

TABLE 15-1. CLASSIFICATION OF 
MÜLLERIAN DUCT ANOMALIES

CLASS ANOMALY

I Partial or complete agenesis

II Unicornuate uterus

III Didelphys uterus

IV Bicornuate uterus

V Septate uterus

VI Arcuate uterus

VII DES-associated anomalies

DES, Diethylstilbestrol.
From American Fertility Society.

Intramural fibroids are the most common. Submuco-
sal fibroids, although less common, produce symptoms 
most frequently and may also be associated with infertil-
ity. Subserosal fibroids may be pedunculated and may 
present as an adnexal mass. They may also project 
between the leaves of the broad ligament, where they are 
referred to as “intraligamentous.” Cervical fibroids 
account for approximately 8% of all fibroids.

Fibroids are estrogen dependent and may increase in 
size during anovulatory cycles, as a result of unopposed 
estrogen stimulation,41 and during pregnancy, although 
about one half of all fibroids show little significant 
change during pregnancy.42 Fibroids identified in the 
first trimester are associated with increased risk of preg-
nancy loss, which is higher in patients with multiple 
fibroids than in those with a single fibroid.43 Large 
fibroids do not interfere with pregnancy or normal 
vaginal delivery except when located in the lower uterine 
segment or the cervix. Leiomyomas rarely develop in 
postmenopausal women, and most stabilize or decrease 
in size after menopause. They may increase in size in 
postmenopausal patients who are undergoing HRT. 
Tamoxifen has also been reported to cause growth in 
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myomas may outgrow their blood supply, resulting in 
ischemia and cystic degeneration.

Sonographically, leiomyomas have variable appear-
ances (Fig. 15-10, A-H). Leiomyomas are most often 
hypoechoic (Fig. 15-10, A and B) or heterogeneous in 
echotexture. They frequently distort the external contour 
of the uterus. Many leiomyomas demonstrate areas of 
acoustic attenuation or shadowing without a discrete 

leiomyomas.44 A rapid increase in fibroid size, especially 
in a postmenopausal patient, should raise the possibility 
of sarcomatous change.

Pathologically, leiomyomas are composed of spindle-
shaped, smooth muscle cells arranged in whorl-like pat-
terns separated by variable amounts of fibrous connective 
tissue. The surrounding myometrium may become com-
pressed to form a pseudocapsule. As they enlarge, leio-

A B C

D E F

G H I

FIGURE 15-10. Uterine fibroids: spectrum of appearances. A to D, F, and I, Transvaginal scans. E, G, and H, Transab-
dominal scans. A, Localized hypoechoic subserosal fibroid (arrow). B, Hypoechoic submucosal fibroid (arrow). C, Marked attenuation 
of sound beam by fibroid (arrows). D, Pedunculated subserosal fibroid (arrow) presenting as solid left adnexal mass. E, Color Doppler 
sonogram of pedunculated subserosal fibroid shows blood supply arising from uterus. F, Fibroid with calcification causing posterior 
shadowing. G, Calcified fibroid with curvilinear peripheral calcification (arrow) mimicking a fetal head. H, Fibroid with cystic degen-
eration (arrowheads) in pregnancy. Patient presented with pain and tenderness over degenerating fibroid (arrow, fetus). I, Lipoleiomyoma. 
Highly echogenic mass within myometrium (arrow) with posterior attenuation (arrowhead, endometrium).
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Transvaginal sonography can detect very small leio-
myomas and may be diagnostic in showing the uterine 
origin of large, pedunculated, subserosal leiomyomas 
that simulate adnexal masses. Color Doppler ultrasound 
is valuable in showing uterine vessels supplying the 
fibroid (Fig. 15-10, D and E ). Large fibroids are usually 
better assessed transabdominally, and subserosal or 
pedunculated fibroids may be missed if the transvaginal 
approach alone is used, because of the limited FOV.53 
Leiomyomas in the fundus of a retroverted uterus are 
much better delineated by transvaginal sonography.

Uterine artery embolization (UAE) is now an 
accepted alternative to surgical and medical treatment of 
symptomatic fibroids. Air may be seen within the fibroid 
as early as 1 month after UAE (Fig. 15-11). This is 
thought to be caused by air filling potential spaces left 
by tissue infarction and is rarely from infection.54 There 
are no reliable imaging findings to diagnose an infected 
fibroid after UAE, and correlation with clinical and labo-
ratory findings is essential to exclude an infected fibroid. 
Endometritis is uncommon and can occur days to weeks 
after UAE. Transcervical expulsion of a fibroid may 
occur in up to 3% of patients after UAE. This occurs in 
fibroids that are in contact with the endometrial surface 
(i.e., submucosal) or intramural fibroids with a submu-
cosal component.54,55 Most are expelled spontaneously.

Lipomatous Uterine Tumors

Lipomatous uterine tumors (lipoleiomyomas) are 
uncommon, benign neoplasms consisting of variable 
portions of mature lipocytes, smooth muscle, or fibrous 

LEIOMYOMAS: SONOGRAPHIC 
FEATURES

Variable appearance
Hypoechoic or heterogeneous mass
Distortion of external uterine contour
Attenuation or shadowing without discrete mass
Calcification
Degeneration or necrosis

mass, making it impossible to estimate size (Fig. 15-10, 
C ). The attenuation is thought to be caused by dense 
fibrosis within the substance of the tumor. Kliewer  
et al.45 suggest that posterior shadowing arising from 
within the substance of a leiomyoma (but not from 
echogenic foci) originates from transitional zones 
between apposed tissues. Histologically, the transitional 
zone includes the margins of the leiomyoma with adja-
cent normal myometrium, the borders between fibrous 
tissue and smooth muscle, and the edges of whorls and 
bundles of smooth muscle. This type of shadowing is a 
very useful diagnostic feature in distinguishing a pedun-
culated or exophytic leiomyoma from other types of 
adnexal masses.46

Calcification may occur in fibroids of older females, 
frequently appearing as focal areas of increased echo-
genicity with shadowing (Fig. 15-10, F ) or as a curvilin-
ear echogenic rim, which may simulate the outline of a 
fetal head47 (Fig. 15-10, G ). When fibroids undergo 
rapid growth, they tend to outgrow their blood supply, 
leading to degeneration and necrosis and producing 
areas of decreased echogenicity or cystic spaces within 
the fibroid (Fig. 15-10, H ). This tends to occur more 
often during pregnancy, affecting about 7% to 8% of 
pregnant patients with fibroids, who may present with 
pain over this area.40 Although uncommon, peduncu-
lated fibroids may undergo torsion. Giant leiomyomas 
with multiple cystic spaces resulting from edema have 
been described.48

Submucosal fibroids may impinge on the endome-
trium, distorting the cavity with varying degrees of intra-
cavitary extension. Transvaginal sonography allows 
better differentiation between a submucosal and an 
intramural lesion and its relationship to the endometrial 
cavity.49

Sonohysterography and more recently 3-D ultrasound 
is very helpful to determine the exact location and rela-
tionship of the fibroid to the endometrium, the amount 
of intracavitary extension, and its potential resectabil-
ity.50 Fibroids with at least 50% of the mass projecting 
into the endometrial cavity can be resected hysteroscopi-
cally.51,52 In many cases, SHG and 3-D sonography may 
also be necessary to distinguish a submucosal leiomyoma 
from an endometrial lesion. Submucosal fibroids are 
usually broad-based solid hypoechoic masses with an 
overlying layer of echogenic endometrium.

FIGURE 15-11. Fibroid containing extensive air after uterine 
artery embolization.
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of circumscribed nodules called adenomyomas. The 
clinical presentation is usually nonspecific: uterine 
enlargement, pelvic pain, dysmenorrhea, and menorrha-
gia. Adenomyosis is more often seen in women who have 
had children and much less often in nulliparous or post-
menopausal women.

Before the advent of transvaginal sonography, the 
diagnosis was rarely made by transabdominal sonogra-
phy. Transvaginal sonography has made the diagnosis  
of adenomyosis easier and more accurate, and this  
condition is now being detected with increasing fre-
quency59-62 (Fig. 15-13). The uterus may be enlarged, 
having a globular configuration with a diffusely hetero-
geneous-appearing myometrium without a discrete  
mass or contour deformity. The myometrium may be 
asymmetrically thickened. The endometrial-myometrial 
border may be poorly defined. Small myometrial 
cysts, frequently subendometrial, may also be present 
within the myometrium and histologically represent 
dilated glands in ectopic endometrial tissue.60 Sub-
endometrial echogenic linear striations and sub-
endometrial echogenic nodules (D) have been described, 
as well as inhomogeneous hypoechoic areas with indis-
tinct margins in the myometrium.63 Focal uterine 
tenderness may be elicited by the transvaginal trans-
ducer. Suben dometrial echogenic linear striations/
nodules and asymmetrical thickening have been reported 
to improve the specificity and positive predictive  
value in diagnosing adenomyosis.63 The variable sono-
graphic appearance is related to the distribution of  
the heterotopic endo metrial tissue, the degree of associ-
ated muscle hyper trophy, and the presence and size of 
the cysts within the heterotopic endometrial tissue.63 
Adeno myosis and leiomyomas frequently occur together 
in the same uterus.61 The presence of fibroids has been 

tissue. Histologically, these tumors comprise a spectrum 
that includes pure lipomas, lipoleiomyomas, and fibro-
lipomyomas. Sonographically, the finding of a highly 
echogenic, attenuating mass within the myometrium is 
virtually diagnostic of this condition56 (Fig. 15-10, I ). 
Color Doppler sonography shows complete absence of 
flow within the mass.57 It is important to identify the 
lesion within the uterus so as not to confuse it with the 
more common, similar-appearing, fat-containing ovarian 
dermoid.58 Because lipomatous uterine tumors are 
usually asymptomatic, they do not require surgery.

Leiomyosarcoma

Leiomyosarcoma is rare, accounting for 1.3% of uterine 
malignancies, and may arise from a preexisting uterine 
leiomyoma.40 Frequently, patients are asymptomatic, 
although uterine bleeding may occur. This condition  
is rarely diagnosed preoperatively. Sonographically, the 
appearance is similar to that of a rapidly growing or 
degenerating leiomyoma, except when there is evidence 
of local invasion or distant metastases (Fig. 15-12).

Adenomyosis

Adenomyosis is a common condition characterized 
pathologically by the presence of endometrial glands and 
stroma within the myometrium, associated with adjacent 
smooth muscle hyperplasia. It is usually more extensive 
in the posterior wall.40 The endometrial glands arise from 
the basal layer and are typically resistant to hormonal 
stimulation. Adenomyosis can occur in both diffuse and 
nodular forms. The more common diffuse adenomyosis 
is composed of widely scattered adenomyosis foci within 
the myometrium, whereas nodular adenomyosis consists 

A B

FIGURE 15-12. Leiomyosarcoma. A, Sagittal, and B, transverse, transabdominal scans show large, heterogeneous uterine mass 
with cystic areas. There is a rim of remaining normal myometrium.
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mas have poorly defined borders. In adenomyomas, 
Doppler ultrasound shows internal vascularity, whereas 
fibroids frequently have a peripheral pattern.66,67 MRI is 
highly accurate in demonstrating adenomyosis, which 
appears as poorly defined areas of decreased signal within 
the myometrium or diffuse or focal thickening of the 
junctional zone (>12 mm) on T2-weighted images.68-70 
Reinhold et al.69 found MRI and sonography to be of 
comparable accuracy in the diagnosis of adenomyosis.

Arteriovenous Malformations

Uterine arteriovenous malformations (AVMs) consist  
of a vascular plexus of arteries and veins without an 
intervening capillary network. These rare lesions usually 
involve the myometrium and at times the endometrium. 
Most cases are acquired from pelvic trauma, surgery,  
and gestational trophoblastic neoplasia (GTN). Uterine 
AVMs are more often diagnosed in the postabortion and 
postpartum periods and often present with severe vaginal 
bleeding with hemoglobin-decreasing blood loss. Diag-
nosis is critical because D&C will likely worsen the 
bleeding and may lead to catastrophic hemorrhage.

On sonography, uterine AVMs may be nonspecific, 
with minimal findings (Fig. 15-14, A). They may be seen 

shown to limit the ability to diagnose the severity of 
adenomyosis.62

Localized adenomyomas may be seen by transvaginal 
sonography as inhomogeneous, circumscribed areas in 
the myometrium with indistinct margins and containing 
cysts.59,64,65 However, these adenomyomas are usually 
difficult to distinguish from leiomyomas. The borders of 
the mass and the Doppler sonographic vascular pattern 
may help to differentiate these two conditions. Usually, 
leiomyomas have well-defined borders and adenomyo-

A B C

D E F

FIGURE 15-13. Adenomyosis on transvaginal scans: spectrum of appearances. A, Subendometrial cyst (arrowhead, 
endometrium). B, Cysts and heterogeneity in anterior myometrium with poorly defined anterior endometrial border (arrowhead). 
C, Myometrial heterogeneity with poorly defined endometrial borders (arrowheads). D, Multiple subendometrial cysts and echogenic 
nodules (arrow). E, Diffuse heterogeneous myometrium with multiple cysts and poorly defined endometrial borders (cursors). F, Large 
area of myometrial heterogeneity producing a focal mass effect and displacing endometrium (arrowhead). This may mimic a fibroid.

ADENOMYOSIS: SONOGRAPHIC 
FEATURES

Diffuse uterine enlargement
Diffusely heterogeneous myometrium
Asymmetrical thickening of myometrium
Inhomogeneous hypoechoic areas
Myometrial cysts
Poor definition of endometrial-myometrial border
Focal tenderness elicited by vaginal transducer
Subendometrial echogenic linear striations
Subendometrial echogenic nodules
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Abnormalities of the Endometrium

Because of its improved resolution, transvaginal sonog-
raphy is better able to image and depict subtle abnor-
malities within the endometrium and clearly define the 
endometrial-myometrial border.75 Knowledge of the 
normal sonographic appearance of the endometrium 
allows for earlier recognition of pathologic conditions 
manifested by endometrial thickening with well-defined 
or poorly defined or irregular margins. Many endome-
trial pathologies, such as hyperplasia, polyps, and car-
cinoma, can cause abnormal bleeding, especially in the 
postmenopausal patient. All these conditions can have a 
similar sonographic appearance. A hyper echoic line par-
tially or completely surrounding the endometrium has 
been described as a sign of a focal intracavitary process, 
likely caused by the interface between the intraluminal 
mass and the surrounding endometrium or the endome-
trium itself.76

as multiple serpiginous anechoic structures within the 
myometrium, as subtle myometrial heterogeneity, or as 
a myometrial or endometrial mass. Color Doppler ultra-
sound is more specific, showing abundant blood flow 
within the anechoic structures71,72 (Fig. 15-14, B). There 
is a florid color mosaic, which is more extensive than the 
gray-scale abnormality. Spectral Doppler sonography 
shows high-velocity, low-resistance arterial flow, with 
high-velocity venous flow often indistinguishable from 
the arterial signal.72 The diagnosis is confirmed by angi-
ography, which shows early venous filling. AVMs can be 
treated by uterine artery embolization.

Uterine AVMs may be overdiagnosed in the early 
postabortion or postpartum period.73 Many sonographi-
cally diagnosed AVMs have resolved on follow-up 
sonography. Focal high-resistance flow can also occur 
with retained products of conception and GTN or as 
a normal finding caused by subinvolution of the pla-
cental bed.73 A negative serum human chorionic gonad-
otropin (hCG) level is helpful in distinguishing an AVM 
from GTN and many cases of retained products. If the 
patient is stable, conservative management should be 
considered with follow-up sonography to see if the lesion 
resolves.73,74 Despite considerable overlap, peak systolic 
velocity (PSV) is useful in differentiating low-risk and 
high-risk patients. Timmerman et al.74 reviewed 30 
patients with sonographically diagnosed uterine AVMs, 
defined as an abnormal hypervascular area in the myo-
metrium with turbulent flow. Lesions with PSV greater 
than 83 cm/sec had higher probability of further treat-
ment such as embolization, whereas no lesion with PSV 
less than 39 cm/sec required embolization.74 However, 
severe bleeding is an indication for immediate treatment 
(e.g., embolization).

A B

FIGURE 15-14. Uterine arteriovenous malformation. A, Transverse transvaginal sonogram shows a textural inhomogeneity 
in the uterine fundus. B, Color Doppler ultrasound image shows a floridly colored mosaic pattern with apparent flow reversals and areas 
of color aliasing. (From Huang M, Muradali D, Thurston WA, et al: Uterine arteriovenous malformations: Gray-scale ultrasound and Doppler 
US features with MR imaging correlation. Radiology 1998;206;115-123.)

CAUSES OF ENDOMETRIAL 
THICKENING
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Hyperplasia
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Carcinoma
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all women with postmenopausal bleeding should undergo 
SHG, even if the transvaginal sonogram is normal.92,93 
Neele et al.94 found 30% of 111 healthy asymptomatic 
postmenopausal women with a normal transvaginal 
sonogram had SHG-detected endometrial abnormali-
ties. The important question is whether finding and 
treating these benign conditions improves the patient’s 
quality of life, morbidity, and survival; further investiga-
tion is warranted.90

Other studies have assessed the endometrium in 
asymptomatic postmenopausal patients and con-
cluded that an endometrium of 8 mm or less can be 
considered normal.25,95-97 Most of these reports have 
included a mixed group of patients, with some undergo-
ing HRT and some not undergoing HRT. In a theoreti-
cal cohort of postmenopausal women age 50 years or 
older who were not bleeding or receiving HRT, Smith-
Bindman et al.98 recommended that biopsy should be 
considered if the endometrium measures greater than 
11 mm, because the risk of cancer is 6.7% (similar to 
that of a postmenopausal woman with bleeding and 
endometrial thickness >5 mm). If the endometrium 
measures 11 mm or less, biopsy is not needed because 
the risk of cancer is extremely low.98 Using this cutoff 
provides an acceptable trade-off between cancer detec-
tion and unnecessary biopsies prompted by an incidental 
finding.

Postmenopausal patients may be receiving HRT, 
because estrogen replacement decreases the risk of osteo-
porosis and relieves menopausal symptoms. However, 
unopposed estrogen replacement is associated with an 
increased risk of endometrial hyperplasia and carcinoma. 
Therefore, estrogen therapy is frequently combined with 
progesterone in continuous combined or in sequential 
regimens. Patients receiving sequential HRT have a 
changing endometrial appearance on sonography similar 
to the premenopausal endometrium. If noncyclic bleed-
ing occurs, endometrial hyperplasia, polyps, and malig-
nancy must be considered. In these patients, sonography 
should be done 4 to 5 days after completion of the cyclic 
bleeding, when the endometrium is thinnest.90,99

A small amount of fluid within the endometrial canal, 
detected by transvaginal sonography, may be a normal 
finding in asymptomatic patients100 (Fig. 15-15). Larger 
amounts of fluid may be associated with benign condi-
tions, most often related to cervical stenosis, or with 
malignancy.101,102 The fluid should be excluded when 
measuring the endometrium. Because the fluid allows 
better detail of the endometrium, it is extremely impor-
tant to assess the endometrium carefully for irregularities 
and polypoid masses.103

Hydrometrocolpos and 
Hematometrocolpos

Obstruction of the genital tract results in the accumula-
tion of secretions and blood in the uterus (metro) 

Sonohysterography has been shown to be of great value 
in further evaluating the abnormally thickened endome-
trium.51,52,77-80 SHG can distinguish between focal and 
diffuse endometrial abnormalities and help determine 
further management. If the abnormality is diffuse, a 
blind, nondirected biopsy can be done, but a focal process 
requires hysteroscopy with directed biopsy or excision.52,80 
SHG may also be able to distinguish benign from malig-
nant endometrial processes.81,82 Patients with endometrial 
cancer may have poorly distensible endometrial cavities, 
despite successful cervical os cannulation.82

With the reconstructed coronal view, 3-D sonography 
also has been a valuable addition to standard transvaginal 
ultrasound in patients with suspected endometrial 
abnormalities and in those with an endometrium greater 
than 6 mm.1

Postmenopausal Endometrium

Postmenopausal bleeding is considered to be any vaginal 
bleeding that occurs in a postmenopausal woman other 
than the expected cyclic bleeding with sequential HRT. 
Because the prevalence of endometrial cancer is low,  
the negative predictive value of a thin endometrium is 
high; therefore a thin endometrium can be reliably used 
to exclude cancer. Several studies have shown that in 
patients with postmenopausal bleeding who have had 
endometrial sampling, an endometrial measurement of 
4 mm or less83-85 or 5 mm or less86-88 can be considered 
normal. The bleeding in these patients is usually caused 
by an atrophic endometrium. In 1168 women with 
postmenopausal bleeding, in whom 114 endometrial 
cancers were found, no women with endometrial cancer 
had an endometrium measuring less than 5 mm.84

A meta-analysis of 35 published studies that included 
5892 women showed that an endometrial thickness 
greater than 5 mm detected 96% of endometrial cancer 
and 92% of any endometrial disease.89 Using this meta-
analysis, a multispecialty consensus conference spon-
sored by the Society of Radiologists in Ultrasound to 
discuss the role of sonography in women with postmeno-
pausal bleeding concluded that an endometrial thick-
ness of greater than 5 mm is abnormal.90

Transvaginal assessment of endometrial thickness has 
been shown to be highly reproducible, with excellent 
intraobserver and good interobserver agreement.91 If the 
endometrium cannot be visualized in its entirety or its 
margins are indistinct, the examination should be con-
sidered “nondiagnostic” and lead to further investigation 
(e.g., SHG, hysteroscopy).90 The consensus conference 
also addressed when SHG or hysteroscopy should be 
used in the evaluation of postmenopausal bleeding, 
agreeing that either is appropriate if a focal abnormality 
is suspected on transvaginal sonography, and that sono-
hysterography is more sensitive than transvaginal sonog-
raphy alone in detecting focal abnormalities in women 
with postmenopausal bleeding. Some recommend that 
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endometrial hyperplasia can be divided into hyperplasia 
without cellular atypia and hyperplasia with cellular 
atypia (atypical hyperplasia). Long-term follow-up 
studies have shown that about 25% of atypical hyper-
plasia will progress to carcinoma, versus less than 2%  
of hyperplasia without cellular atypia.40 Each of these 
types may be further subdivided into simple or complex 
hyperplasia, depending on the amount of glandular com-
plexity and crowding. In simple (cystic) hyperplasia, the 
glands are cystically dilated and surrounded by abundant 
cellular stroma, whereas in complex (adenomatous) 
hyperplasia, the glands are crowded together with little 
intervening stroma.

Endometrial hyperplasia is a common cause of abnor-
mal uterine bleeding. Hyperplasia develops from unop-
posed estrogen stimulation; in postmenopausal and 
perimenopausal women, it is usually caused by unop-
posed estrogen HRT. Hyperplasia is less often seen 
during the reproductive years, but it may occur in 
women with persistent anovulatory cycles, polycystic 
ovarian disease, and in obese women with increased pro-
duction of endogenous estrogens. Hyperplasia may also 
be seen in women with estrogen-producing tumors, such 
as ovarian granulosa cell tumors and thecomas.

Sonographically, the endometrium is usually diffusely 
thick and echogenic, with well-defined margins (Fig. 
15-18). Focal or asymmetrical thickening can also occur. 
Small cysts may be seen within the endometrium in 
cystic hyperplasia; however, a similar appearance may 
be seen in cystic atrophy, and cystic changes can also 
be seen in endometrial polyps. These cystic areas repre-
sent the dilated cystic glands seen at histology.106,107 
Although cystic changes within a thickened endome-
trium are more frequently seen in benign conditions, 
they can also be seen in endometrial carcinoma.108 
Because hyperplasia has a nonspecific sonographic 
appearance, biopsy is necessary for diagnosis.

and/or vagina (colpos), with the location depending on 
the amount of obstruction. Before menstruation, the 
accumulation of secretions in the vagina and uterus is 
referred to as hydrometrocolpos. After menstruation, 
hematometrocolpos results from the presence of 
retained menstrual blood. The obstruction may be con-
genital and is usually caused by an imperforate hymen. 
Other congenital causes include a vaginal septum, 
vaginal atresia, or a rudimentary uterine horn.104 
Hydrometra and hematometra may also be acquired as 
a result of cervical stenosis from endometrial or cervical 
tumors or from postirradiation fibrosis.101,105

Sonographically, if the obstruction is at the vaginal 
level, there is marked distention of the vagina and endo-
metrial cavity with fluid. If seen before puberty, the 
accumulation of secretions is anechoic. After menstrua-
tion, the presence of old blood results in echogenic mate-
rial in the fluid (Fig. 15-16). There may also be layering 
of the echogenic material, resulting in a fluid-fluid level.

Acquired hydrometra or hematometra usually shows 
a distended, fluid-filled endometrial cavity that may 
contain echogenic material (Fig. 15-17). Superimposed 
infection (pyometra) is difficult to distinguish from 
hydrometra on sonography, and this diagnosis is usually 
made clinically in the presence of hydrometra.105

Endometrial Hyperplasia

Hyperplasia of the endometrium is defined as a prolifera-
tion of glands of irregular size and shape, with an increase 
in the gland/stroma ratio compared with the normal 
proliferative endometrium.40 The process is diffuse but 
may not involve the entire endometrium. Histologically, 

FIGURE 15-15. Normal postmenopausal endome-
trium on transvaginal scan. Small amount of fluid 
(arrow) is seen in postmenopausal endometrial canal.

b

FIGURE 15-16. Hematocolpos in young patient 
with imperforate hymen. Sagittal transabdominal scan 
shows distended vagina filled with echogenic material and com-
pressing the bladder (b) anteriorly.
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or focal (see Fig. 15-7, G ). However, they may also 
appear as a focal, round, echogenic mass within the 
endometrial cavity110 (see Figs. 15-7, F, and 15-18). This 
appearance is much more easily identified when there is 
fluid within the endometrial cavity outlining the mass. 
Because fluid is instilled into the endometrial cavity 
during SHG, this technique is ideal for demonstrating 
polyps (Fig. 15-19, A-F ). SHG is also a valuable tech-
nique when transvaginal sonography is unable to dif-
ferentiate an endometrial polyp from a submucosal 
leiomyoma (Figs. 15-19, G and H ). The polyp can be 
seen arising from the endometrium, whereas a normal 
layer of endometrium is seen overlying the submucosal 
fibroid. Cystic areas may be seen within a polyp (see  
Fig. 15-7, I ), representing the histologically dilated 
glands.106,107 A feeding artery in the pedicle can fre-
quently be seen with color Doppler ultrasound (pedicle 
artery sign) and negate the need for sonohysterogra-
phy111,112 (see Fig. 15-18, B).

Endometrial polyps may not be diagnosed on D&C 
because a polyp on a pliable stalk may be missed by  
the curette. If abnormal bleeding persists after a nondi-
agnostic D&C in a postmenopausal woman with an 
endometrial thickness greater than 8 mm, hysteroscopy 
with direct visualization of the endometrial cavity is 
recommended.113

Endometrial Carcinoma

Endometrial carcinoma is the most common gyneco-
logic malignancy in North America. The American 
Cancer Society (ACS) estimated 40,100 new cases of 

Endometrial Atrophy

The majority of women with postmenopausal uterine 
bleeding have endometrial atrophy.84-88,109 On transvagi-
nal sonography, an atrophic endometrium is usually thin, 
measuring less than 5 mm, and in these patients, no 
further investigation or therapy is necessary. Histologi-
cally, the endometrial glands may be dilated, but the cells 
are cuboidal or flat, and the stroma is fibrotic. A thin 
endometrium with cystic changes on transvaginal sonog-
raphy is consistent with a diagnosis of cystic atrophy, but 
when the endometrium is thick, the appearance is indis-
tinguishable from that of cystic hyperplasia.108

Endometrial Polyps

Endometrial polyps are common benign lesions more 
frequently seen in perimenopausal and postmenopausal 
women. Polyps may cause uterine bleeding, although 
most are asymptomatic. In the menstruating woman, 
endometrial polyps may be associated with intermen-
strual bleeding or menometrorrhagia and may be a cause 
of infertility. Histologically, polyps are localized over-
growths of endometrial tissue covered by epithelium and 
projecting above the adjacent surface epithelium.40 They 
may be pedunculated or broad based, or may have a thin 
stalk. Approximately 20% of endometrial polyps are 
multiple. Malignant degeneration is uncommon. Occa-
sionally, a polyp will have a long stalk, allowing it to 
protrude into the cervix or even into the vagina.

On sonography, polyps may appear as nonspecific 
echogenic endometrial thickening, which may be diffuse 

A B

FIGURE 15-17. Hematometra in patient with cervical stenosis secondary to cervical carcinoma. A, Transab-
dominal, and B, transvaginal, scans show greatly distended endometrial canal filled with particulate echogenic material, a result of blood 
and debris.
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parity. Approximately 25% of patients with atypical 
endometrial hyperplasia will progress to well-differenti-
ated endometrial carcinoma.40

Sonographically, a thickened endometrium must be 
considered cancer until proven otherwise. The thick-
ened endometrium may be well defined, uniformly  
echogenic, and indistinguishable from hyperplasia and 
polyps. Cancer is more likely when the endometrium has 
a heterogeneous echotexture with irregular or poorly 
defined margins (Fig. 15-20). Cystic changes within the 
endometrium are more frequently seen in endometrial 
atrophy, hyperplasia, and polyps but can also be seen 
with carcinoma. Endometrial carcinoma may also 
obstruct the endometrial canal, resulting in hydrometra 
or hematometra. Although certain sonographic appear-

endometrial cancer in the United States in 2008, with 
about 7470 deaths. Since 1998, the incidence has been 
decreasing by about 0.8% a year after a period of increase 
during the previous decade. Mortality rates have been 
stable since 1992.114 Endometrial carcinoma is highly 
curable because more than 75% are confined to the 
uterus at clinical presentation. Most endometrial carci-
nomas (75%-80%) occur in postmenopausal women. 
The most common clinical presentation is uterine  
bleeding, although only about 10% of women with 
postmenopausal bleeding will have endometrial car-
cinoma. There is a strong association with estrogen 
replacement therapy in postmenopausal women and 
anovulatory cycles in premenopausal women. Other risk 
factors include obesity, diabetes, hypertension, and low 

A B

C

FIGURE 15-18. Endometrial polyp and hyperpla-
sia. A, Transvaginal scan shows a thick endometrium (arrow-
heads) with central round polyp (arrow). B, Color Doppler 
ultrasound shows feeding vessel. C, Sonohysterogram confirms 
polyp (arrow) and thick endometrium (arrowheads) caused by 
hyperplasia.
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in women with normal or benign endometria.115,116 Sub-
sequent reports, however, have shown no significant  
difference in uterine blood flow between benign and 
malignant endometrial processes.117-119 Low-resistance 
flow in the uterine artery has also been reported in asso-
ciation with uterine fibroids.116 Some reports have shown 
low-resistance flow in the subendometrial and endo-
metrial arteries in malignant endometrial lesions,97,120 
whereas others have found no statistically significant dif-
ference.118,119,121 Sladkevicius et al.119 found that endome-
trial thickness is a better method for discriminating 
between normal and pathologic or benign and malignant 

ances tend to favor a benign or malignant etiology, there 
are overlapping features, and endometrial biopsy is 
usually required for a definitive diagnosis.

The role of color and spectral Doppler ultrasound in 
the diagnosis of endometrial carcinoma is still controver-
sial. Blood flow is difficult to detect in the normal endo-
metrium. Initial studies using transvaginal color and 
spectral Doppler ultrasound suggested that endometrial 
carcinoma could be differentiated from a normal or 
benign postmenopausal endometrium by the presence of 
low-resistance flow in the uterine arteries in women with 
endometrial cancer, compared with high-resistance flow 

A B C
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FIGURE 15-19. Sonohysterograms of polyps, fibroids, and adhesions. A, Well-defined, round echogenic polyp. 
B, Carpet of small polyps. C, Polyp on a stalk. D, Polyp with cystic areas. E, Small polyp. F, Small polyp. G, Hypoechoic submucosal 
fibroid. H, Hypoechoic attenuating submucosal fibroid. I, Endometrial adhesions. Note bridging bands of tissue within fluid-filled endo-
metrial canal.
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In premenopausal women, tamoxifen has an antiestro-
genic effect, but in postmenopausal women it may have 
estrogenic effects. An increased risk of endometrial 
carcinoma has been reported in patients receiving 
tamoxifen therapy,129 as well as an increased risk of 
endometrial hyperplasia and polyps.130,131 On sonog-
raphy, tamoxifen-related endometrial changes are non-
specific and similar to those described in hyperplasia, 
polyps, and carcinoma.131-133 Cystic changes within the 
thickened endometrium are frequently seen (see Fig. 
15-7, H and I). Polyps are frequently seen and have 
a higher incidence in women receiving tamoxifen than 
in untreated women, and these polyps can be quite 
large.134,135 A correlation exists between increased endo-
metrial thickness and duration of tamoxifen therapy 
longer than 5 years.134 In some patients taking tamoxi-
fen, the cystic changes actually have been shown to be 
subendometrial in location and represent abnormal  

endometrium than Doppler ultrasound of the uterine, 
subendometrial, or intraendometrial arteries.119

Sonography may be used in the preoperative  
evaluation of a patient with endometrial carcinoma by  
determining myometrial invasion.122-124 An intact sub-
endometrial halo (inner layer of myometrium) usually 
indicates superficial invasion, whereas obliteration of the 
halo indicates deep invasion.124 Transvaginal sonography 
and unenhanced T2-weighted MRI have been reported 
to have similar accuracy,125 but contrast-enhanced MRI 
has been shown to be superior to both in demonstrating 
myometrial invasion.126-128 MRI can also assess cervical 
extension (stage II) and extrauterine extension (stages III 
and IV).

Tamoxifen, a nonsteroidal antiestrogen compound, is 
widely used for adjuvant therapy in premenopausal and 
postmenopausal women with breast cancer. Tamoxifen 
acts by competing with estrogen for estrogen receptors. 

A B

C D

FIGURE 15-20. Endometrial carcinoma: varying appearance in two patients. A, Transabdominal scan, and B, 
transvaginal scan, show a large, heterogeneous endometrial mass (arrowheads) compressing the surrounding myometrium. C and D, 
Transvaginal scans show localized irregular endometrial thickening with echogenic polypoid projections (arrows) into the fluid-filled 
endometrial canal.
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hyperechoic. SHG is an excellent technique for demon-
strating adhesions and should be performed in all cases 
of suspected adhesions.142 Adhesions appear as bridging 
bands of tissue that distort the cavity (see Fig. 15-19, I ) 
or as thin, undulating membranes best seen on real-time 
sonography.4 Thick, broad-based adhesions may prevent 
distention of the uterine cavity.77 The adhesions can be 
divided under hysteroscopy.

Intrauterine Contraceptive Devices

Sonography has an important role in evaluating the loca-
tion of intrauterine contraceptive devices (IUCDs). 
IUCDs are readily demonstrated on both transabdomi-
nal and transvaginal sonography (Fig. 15-22). They 
appear as highly echogenic linear structures in the endo-
metrial cavity in the body of the uterus. Several types of 
IUCDs demonstrate a characteristic appearance on 
sonography, reflecting their gross appearance. Acoustic 
shadowing from the IUCD is usually demonstrated, and 
two parallel echoes (entrance-exit reflections), represent-
ing the anterior and posterior surfaces of the IUCD, may 
also be observed143 (Fig. 15-22, A). Newer hormone-
containing IUCDs (e.g., Mirena) may be difficult to 
visualize sonographically.144 3DUS has been extremely 
useful in providing a more complete assessment of IUCD 
location by imaging the entire IUCD simultaneously  
in the coronal plane144,145 (Fig. 15-22, D). Sonography 
can demonstrate malposition, perforation, and incom-
plete removal (Fig. 15-22, E-H ). Eccentric position 
of an IUCD suggests myometrial penetration. If the  
IUCD is not seen on sonography, a radiograph should 
be taken to assess whether it is lying free in the peritoneal 
cavity or is not present, having been previously expelled. 
The IUCD may be hidden by coexisting intrauterine 

adenomyosis-like changes in the inner layer of myome-
trium.136 Because it may be difficult to distinguish the 
endometrial-myometrial border in many of these 
patients, sonohysterography is valuable in determining 
whether an abnormality is endometrial or subendome-
trial.137,138 Routine ultrasound screening of asymptom-
atic women receiving tamoxifen has not been effective 
in increasing the early detection of endometrial cancer 
and is therefore not recommended.139

Endometritis

Endometritis may occur postpartum, after D&C, or in 
association with PID. Sonographically, the endome-
trium may appear thick and/or irregular, and the cavity 
may or may not contain fluid (Fig. 15-21). Gas with 
distal acoustic shadowing may be seen within the endo-
metrial canal. However, gas can also be seen in up to 
21% of clinically normal women, after uncomplicated 
vaginal delivery in the first 3 weeks postpartum.140 Clini-
cal correlation is necessary when endometrial gas is seen 
in the postpartum patient.

Endometrial Adhesions

Endometrial adhesions (synechiae, Asherman’s syn-
drome) are posttraumatic or postsurgical in nature and 
may be a cause of infertility or recurrent pregnancy loss. 
The sonographic diagnosis is difficult unless fluid is  
distending the endometrial cavity. The endometrium 
usually appears normal on transabdominal and trans-
vaginal sonograms, although adhesions may be seen 
transvaginally as irregularities or a hypoechoic bridgelike 
band within the endometrium.141 This is best seen during 
the secretory phase, when the endometrium is more 
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B

FIGURE 15-21. Endometritis: varying appearance in two patients. Transabdominal sagittal scans. A, Fluid-fluid level 
(arrow) within endometrial canal in patient with pelvic inflammatory disease; B, bladder. This resolved after antibiotic therapy. B, Multiple 
linear hyperechogenic foci with shadowing caused by gas are seen within a distended endometrial canal in a febrile postpartum patient.
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posterior to the bladder. Better visualization is obtained 
by transvaginal sonography, which can reliably diagnose 
normal and benign cervical conditions.146

Nabothian (inclusion) cysts of the cervix are often 
seen during routine sonography (Fig. 15-23). They may 
vary in size from a few millimeters to 4 cm, may be single 
or multiple, and are usually diagnosed incidentally, 
although they may be associated with healing chronic 
cervicitis. Occasionally, nabothian cysts have internal 
echoes, possibly caused by hemorrhage or infection. 
Multiple cysts may be a cause of benign enlargement of 
the cervix.147

abnormalities, such as blood clots or an incomplete  
abortion. When an IUCD is present in the uterus in 
association with an intrauterine pregnancy (Fig. 15-22, 
I ), it can be seen reliably early in the first trimester, but 
it is rarely identified thereafter. In the first trimester the 
device can usually be removed safely under ultrasound 
guidance.

Abnormalities of the Cervix

The cervix may be difficult to assess adequately by trans-
abdominal sonography because it lies low in the pelvis, 

A B C
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FIGURE 15-22. Intrauterine contraceptive devices (IUCDs). A, B, E, and G, Transabdominal scans; H and I, transvaginal 
scans. A, Highly echogenic linear structure in normal location within endometrial canal in body of uterus. B, Unusual Chinese ring IUCD, 
C, Radiograph of B. D, 3-D coronal reconstruction shows entire IUCD in normal location. E, IUCD in upside-down position with limbs 
positioned inferiorly. F, Radiograph of E. G, IUCD abnormally positioned in lower uterine segment. H, IUCD located in outer myo-
metrium. I, IUCD in a 30-week gravid uterus.
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fibroid (Fig. 15-24). MRI is used for staging cervical 
carcinoma.

Adenoma malignum, also termed “minimal devia-
tion adenocarcinoma,” is a rare cervical neoplasm arising 
from the endocervical glands and often associated with 
Peutz-Jeghers syndrome.149 Multiple cystic areas are seen 
within a solid cervical mass149,150 (Fig. 15-25). This 
condition should be easily differentiated from deep 
nabothian cysts because nabothian cysts do not have an 
associated mass.

VAGINA

The vagina runs anteriorly and caudally from the cervix 
between the bladder and rectum. It is best seen on 
midline sagittal sonograms with a slight caudal angula-

Cervical polyps are a frequent cause of vaginal bleed-
ing and may be seen on sonography, although the diag-
nosis is usually made clinically. Approximately 8% of 
leiomyomas arise in the cervix. They may be peduncu-
lated and may prolapse into the vagina. In patients who 
underwent supracervical hysterectomy, the cervical 
remnant occasionally simulates a mass. Transvaginal 
sonography is usually diagnostic; it can demonstrate a 
normal cervix. The cervical remnant may measure up to 
4.4 cm in AP diameter and 4.3 cm in length.148 Cervical 
stenosis may be secondary to previous radiation therapy, 
previous cone biopsy, postmenopausal cervical atrophy, 
or cervical carcinoma.

Cervical carcinoma is usually diagnosed clinically, 
and patients are rarely referred for sonographic evalua-
tion. Sonography may demonstrate a solid retrovesical 
mass, which may be indistinguishable from a cervical 

A B
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FIGURE 15-23. Nabothian cysts on transvaginal scans. A, Normal cervix. B, Single nabothian cyst in cervix. C, Multiple 
nabothian cysts. D, Hemorrhagic nabothian cyst (arrow) and simple nabothian cyst (arrowhead).
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upper limit of normal for the vaginal cuff to be 2.2 cm 
in women who had had a transvaginal hysterectomy and 
2.4 cm in those that had had a transabdominal hyster-
ectomy. Also, the AP diameter decreased significantly 
with advancing age, and color Doppler ultrasound typi-
cally showed flow within the cuff. A cuff larger than 
2.2 cm or containing a definite mass suggests malig-
nancy. Nodular areas may be caused by postradiation 
fibrosis.153

RECTOUTERINE RECESS

The rectouterine recess (posterior cul-de-sac) is the 
most posterior and inferior reflection of the peritoneal 
cavity. It is located between the rectum and vagina and 
is also known as the pouch of Douglas. The posterior 
fornix of the vagina is closely related to the posterior 
cul-de-sac and is separated by the thickness of the vaginal 
wall and the peritoneal membrane. The cul-de-sac is a 
potential space, and because of its location, it is fre-

tion of the transducer. It appears as a collapsed hypoechoic 
tubular structure with a central, high-amplitude, linear 
echo representing the apposed surfaces of the vaginal 
mucosa (see Fig. 15-2). The most common congenital 
abnormality of the female genital tract is an imperforate 
hymen resulting in hematocolpos. Occasionally, sonog-
raphy is used to characterize a vaginal mass. Gartner’s 
duct cysts are remnants of the caudal end of the meso-
nephric duct that form single or multiple masses along 
the lateral or anterolateral wall of the vagina. These are 
the most common cystic lesions of the vagina and are 
usually found incidentally during sonographic examina-
tion. They are usually small and asymptomatic and may 
be associated with renal and ureteral abnormalities.151 
Solid masses of the vagina are rare. Two cases of neuro-
fibroma of the vagina that appear as solid masses have 
been described.152 As in carcinoma of the cervix, sonog-
raphy is not used for diagnosis of carcinoma of the 
vagina, although it may play a role in staging.

In patients with hysterectomy, a vaginal cuff should 
not be mistaken for a mass. Stein et al.148 found the 
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FIGURE 15-24. Cervical carcinoma. A, Sagittal transab-
dominal, and B, transvaginal, scans show a large cervical mass 
(arrow). The margin of the mass with the rim of normal tissue is 
marked (arrowheads) in B. C, Color Doppler ultrasound shows 
hypervascularity of the mass.
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very echogenic.157 Transvaginal sonography can demon-
strate echoes within the fluid more frequently because of 
its improved resolution (Fig. 15-26). Pelvic abscesses and 
hematomas can also occur in the cul-de-sac.

OVARY

Normal Sonographic Anatomy

Uterine location influences the position of the ovaries. 
The normal ovaries are usually identified laterally or 
posterolaterally to the anteflexed midline uterus. When 
the uterus lies to one side of the midline (a normal 
variant), the ipsilateral ovary often lies superior to the 
uterine fundus. In a retroverted uterus, the ovaries tend 
to be located laterally and superiorly, near the uterine 

quently the initial site for intraperitoneal fluid collection. 
As little as 5 mL of fluid has been detected by transvagi-
nal sonography.154

Fluid in the cul-de-sac is a normal finding in asymp-
tomatic women and can be seen during all phases of the 
menstrual cycle. Possible sources include blood or fluid 
caused by follicular rupture, blood from retrograde men-
struation, and increased capillary permeability of the 
ovarian surface caused by the influence of estrogen.155,156 
Pathologic fluid collections in the pouch of Douglas may 
be seen in association with generalized ascites, blood 
resulting from a ruptured ectopic pregnancy or hemor-
rhagic cyst, or pus from infection. Sonography may aid 
in differentiating the type of fluid, because blood, pus, 
mucin, and malignant exudates usually contain echoes 
within the fluid, whereas serous fluid (either physiologic 
or pathologic) is usually anechoic. Clotted blood may be 

A B

C
FIGURE 15-25. Adenoma malignum. A and B, Trans-
abdominal, and C, transvaginal, scans show a cervical echogenic 
mass (arrows) with multiple cystic areas.
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height). Studies have shown that ovarian volumes are 
larger than previously thought. In the first 2 years of life, 
the mean ovarian volume is slightly greater than 1 cubic 
centimeters (cc) in the first year and 0.7 cc in the second 
year.158 The upper limit of normal has been reported as 
3.6 cc in the first 3 months, 2.7 cc from 4 to 12 months, 
and 1.7 cc in the second year.158 Ovarian volume remains 
relatively stable up to 5 years of age and then gradually 
increases up to menarche, when the mean volume is  
4.2 ± 2.3 cc, with an upper limit of 8.0 cc.8 Small fol-
licles or cysts are frequently seen in neonatal and preme-
narchal ovaries. One study showed follicle activity in 
87% of prepubertal girls.11 These follicles usually measure 
less than 9 mm but may be as large as 17 mm.159

In the menstruating adult female, a normal ovary may 
have a volume as large as 22 cc. Cohen et al.160 assessed 
866 normal ovaries by transabdominal sonography and 
reported a mean ovarian volume of 9.8 ± 5.8 cc, with an 
upper limit of 21.9 cc.160 Another study of 406 patients 
with normal ovaries used transvaginal sonography and 
reported a mean ovarian volume of 6.8 cc, with an upper 
limit of 18.0 cc.161 There is no significant parity-related 
change in ovarian volume in premenopausal women.13

Echogenic ovarian foci are commonly seen in an 
otherwise normal-appearing ovary (Fig. 15-28). These 
are tiny (1-3 mm) nonshadowing foci, usually multiple 
and peripherally located, although they can be diffuse. 
They were thought to represent inclusion cysts and asso-
ciated psammomatous calcifications.162 In a study with 
histopathologic correlation in seven normal ovaries with 
echogenic foci, Muradali et al.163 showed that these foci 
are caused by a specular reflection from the walls of tiny 
unresolved cysts below the spatial resolution of ultra-
sound rather than calcification. These echogenic foci do 
not indicate significant underlying disease, so no further 
investigation or follow-up is necessary.

Focal calcification may occasionally be seen in an 
otherwise normal-appearing ovary and is thought to rep-
resent stromal reaction to previous hemorrhage or infec-
tion.164 However, the calcification may be the initial or 
early manifestation of a neoplasm, so follow-up sonog-
raphy is recommended.

Postmenopausal Ovary

After menopause, the ovary atrophies and the follicles 
disappear over the subsequent few years, with the ovary 
decreasing in size with increasing age.13,165-167 Because of 
its smaller size and lack of follicles, the postmenopausal 
ovary may be difficult to visualize sonographically (Fig. 
15-29). A stationary loop of bowel may be mistaken for 
a normal ovary; therefore, scanning must be done slowly 
to look for peristalsis. Sonographic visualization of 
normal postmenopausal ovaries varies greatly in the lit-
erature, from a low of 20% to a high of 99%, using either 
the transabdominal or the transvaginal approach.161,165-170 
The variation is likely caused by differences in technique 

fundus. When the uterus is enlarged, the ovaries tend to 
be displaced more superiorly and laterally. After hyster-
ectomy, the ovaries tend to be located more medially and 
directly superior to the vaginal cuff.

Because of the laxity of the ligamentous attachments, 
the ovary can be quite variable in position and may be 
located high in the pelvis or in the cul-de-sac. Because 
of their variable position, superiorly or extremely later-
ally placed ovaries may not be visualized by the trans-
vaginal approach because they are out of the FOV. The 
ovaries are ellipsoid in shape, with their craniocaudad 
axes paralleling the internal iliac vessels, which lie poste-
riorly and serve as a helpful reference (Fig. 15-27).

On sonography, the normal ovary has a relatively 
homogeneous echotexture with a central, more echogenic 
medulla. Small, well-defined anechoic or cystic follicles 
may be seen peripherally in the cortex. The appearance 
of the ovary changes with age and phase of the menstrual 
cycle. During the early proliferative phase, many fol-
licles that are stimulated by both follicle-stimulating 
hormone (FSH) and luteinizing hormone (LH) develop 
and increase in size until about day 8 or 9 of the men-
strual cycle. At that time, one follicle becomes dominant, 
destined for ovulation, and increases in size, reaching up 
to 2.0 to 2.5 cm at ovulation. The other follicles become 
atretic. A follicular cyst develops if the fluid in one of 
these nondominant follicles is not resorbed. After ovula-
tion, the corpus luteum develops and may be identified 
sonographically as a small, hypoechoic or isoechoic struc-
ture peripherally within the ovary. The corpus luteum 
involutes before menstruation.

Because of the variability in shape, ovarian volume 
has been considered the best method for determining 
ovarian size. The volume measurement is based on the 
formula for a prolate ellipse (0.523 × length × width × 

FIGURE 15-26. Echogenic fluid in cul-de-sac caused by blood 
on transvaginal scan.



574    PART II  ■  Abdominal, Pelvic, and Thoracic Sonography

alone. Highly placed ovaries may be out of the FOV of 
transvaginal transducers, and transabdominal sonogra-
phy may not image very small or deeply placed ovaries. 
Nonvisualization of an ovary does not exclude an ovarian 
lesion.

Mean ovarian volume ranges are reported from 1.2  
to 5.8 cc.160,161,165-169 The mean values in these studies 
may be somewhat high because nonvisualized ovaries 
were not included. One study assessing 563 patients with 
normal postmenopausal ovaries by transvaginal sonogra-
phy reported a mean ovarian volume of 2.0 cc with an 
upper limit of normal of 8.0 cc.161 An ovarian volume 

and length of time since menopause. The ovary decreases 
in size with increasing age, and therefore the ability to 
see the ovaries decreases with lengthening time since 
menopause.171

Also, the absence of the uterus may play a role because 
the ovaries are less likely to be seen after hysterectomy 
because of the loss of normal anatomic landmarks. In 
290 postmenopausal ovaries known to be present, Wolf 
et al.171 visualized only 41% of ovaries transvaginally and 
58% transabdominally. Using both transabdominal  
and transvaginal techniques resulted in their visualizing 
more ovaries (68%) than when they used either approach 

A B

FIGURE 15-27. Normal ovary. A and B, Transvaginal scans show normal ovaries with a few follicles in two patients. Internal iliac 
vein is posterior to ovary.

A B

FIGURE 15-28. Ovarian echogenic foci. Transvaginal scans in two patients. A, Two tiny echogenic foci in normal-appearing 
ovary. B, Multiple peripheral tiny echogenic foci (tiny unresolved cysts).
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Nonneoplastic Lesions

Functional Cysts

Functional cysts of the ovary include follicular, corpus 
luteum, and theca lutein cysts. A follicular cyst occurs 
when a mature follicle fails to ovulate or to involute. 

of more than 8.0 cc is definitely considered abnor-
mal. Some authors suggest that an ovarian volume more 
than twice that of the opposite side should also be con-
sidered abnormal, regardless of the actual size.166,168

Postmenopausal Cysts

Simple cysts may be seen in up to 15% of postmeno-
pausal ovaries and are not related to age, length of time 
since menopause, or hormone use.171 These cysts are 
more frequently seen by transvaginal sonography with 
its improved resolution, but in some women, especially 
those with hysterectomy or highly placed ovaries, the 
cysts may be seen only by transabdominal sonography. 
Most of these cysts either disappear or decrease in size 
over time172-174 (Fig. 15-30).

Several studies have shown a very low incidence of 
malignancy in unilocular postmenopausal cysts less  
than 5 cm in diameter and without septation or solid 
components.173-178 Ekerhovd et al.178 found four border-
line or malignant tumors in 247 postmenopausal women 
(1.6%) who underwent surgery for simple ovarian cysts 
detected by transvaginal sonography. These four tumors 
were all greater than 7.5 cm in diameter. It is generally 
recommended that postmenopausal women with simple 
ovarian cysts less than 5 cm in diameter be followed by 
serial sonographic examinations without surgical inter-
vention unless there is an increase in size or change in 
the characteristics of the lesion. Surgery is generally rec-
ommended for postmenopausal cysts greater than 5 cm 
and for those containing internal septations or solid 
nodules.
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FIGURE 15-29. Normal postmenopausal ovary. A and B, Transvaginal scans in two patients show a normal postmenopausal 
ovary (O); I, internal iliac vein. Note small size and lack of follicles.

FIGURE 15-30. Postmenopausal large ovarian cyst. 
Transvaginal scan shows a 7-cm ovarian cyst that contains no 
internal echoes or septations and that had not changed in size over 
4 years.
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it will have a concave outer margin with angularity rather 
than a solid mural nodule, which will have a convex 
outer margin. Color Doppler ultrasound will show no 
flow within the clot. Patel et al.184 found that a specific 
diagnosis could be made in approximately 90% of hem-
orrhagic cysts by demonstrating the presence of a reticu-
lar pattern or a retractile clot. The presence of echogenic, 
free intraperitoneal fluid in the cul-de-sac helps confirm 
the diagnosis of a leaking or ruptured hemorrhagic cyst. 
Rupture of a hemorrhagic cyst may mimic a ruptured 
ectopic pregnancy, both clinically and sonographically.

Functional cysts are the most common cause of 
ovarian enlargement in young women. Because func-
tional cysts typically resolve within one to two menstrual 
cycles, follow-up is usually not required for small, simple 
cysts or typical hemorrhagic cysts. However, follow-up 
of larger cysts can be performed at a different time of the 
menstrual cycle, usually in 6 weeks, to show a changing 
appearance or resolution.

Surface epithelial inclusion cysts are nonfunctional 
cysts usually seen in postmenopausal women, although 
they may be seen at any age, and usually located periph-
erally in the cortex. They arise from cortical invagina-
tions of the ovarian surface epithelium.40 Although 
usually tiny, unilocular, and thin walled, these cysts can 
measure up to several centimeters in diameter. Occasion-
ally, surface epithelial inclusion cysts may be hemor-
rhagic, particularly if torsion has occurred.

Pregnancy-Associated Ovarian Lesions

Ovarian lesions unique to pregnancy include hyper-
stimulated ovaries, ovarian hyperstimulation syndrome, 
theca lutein cysts, hyperreactio luteinalis, and the rare 
luteoma of pregnancy.180 Hyperstimulated ovaries are 
a normal response to elevated circulating levels of  
hCG. It is usually diagnosed in women who have under-
gone ovulation induction. Sonographically, the ovaries 
are enlarged with multiple cysts, some of which may  
be hemorrhagic. The enlarged ovaries may undergo 
torsion.185 They usually regress spontaneously during the 
pregnancy.

Ovarian hyperstimulation syndrome (OHS) is used 
when the hyperstimulation is accompanied by fluid 
shifts186 (Fig. 15-32). Clinically, three degrees of OHS 
are described: mild, moderate, and severe. The mild 
form is associated with lower abdominal discomfort, but 
no significant weight gain. The ovaries are enlarged, but 
less than 5 cm in average diameter. Moderate OHS 
presents with weight gain of 5 to 10 lb and ovarian 
enlargement between 5 and 12 cm. The patient may 
have nausea and vomiting. With severe OHS, there is 
weight gain greater than 10 lb and the patient complains 
of severe abdominal pain and distention. The ovaries are 
greatly enlarged (>12 cm in diameter) and contain 
numerous large, thin-walled cysts, which may replace 
most of the ovary. The associated ascites and pleural 

Because normal follicles can vary from a few millimeters 
up to 2.5 cm, a follicular cyst cannot be diagnosed with 
certainty until it is greater than 2.5 cm. Therefore, a 
simple cyst less than 2.5 cm in a premenopausal woman 
should be referred to as a follicle and considered to be 
normal. Follicles and follicular cysts are usually unilat-
eral, asymptomatic, and frequently detected incidentally 
on sonographic examination. Follicular cysts usually 
regress spontaneously.

After ovulation, the corpus luteum develops and 
may be identified sonographically as a small, hypoechoic 
or isoechoic structure within the ovary. The corpus 
luteum usually contains low-level internal echoes,  
frequently with a thicker wall than a follicle and a  
crenulated appearance. It typically has a peripheral  
rim of color around the wall on color Doppler ultra-
sound (ring of fire; see Fig. 15-31, C ). The corpus 
luteum usually involutes before menstruation but  
may persist because of failure of absorption or excess 
bleeding into the corpus luteum. Timor-Tritsch and 
Goldstein179 recommend using the term “corpus 
luteum” rather than “corpus luteal cyst” unless it is 
greater than 4 to 5 cm. Corpus luteal cysts are less 
common than follicular cysts but tend to be larger and 
more symptomatic. Pain is the major symptom. These 
cysts are usually unilateral and more prone to hemor-
rhage and rupture. If the ovum is fertilized, the corpus 
luteum continues as the corpus luteum of pregnancy, 
which may become enlarged and cystic. Maximum size 
is reached at 8 to 10 weeks, and by 16 weeks the cyst 
has usually resolved.180

Hemorrhagic Cysts

Internal hemorrhage may occur in both types of func-
tional cysts, although it is much more frequently seen in 
corpus luteal cysts. Women with hemorrhagic cysts fre-
quently present with acute onset of pelvic pain. Hemor-
rhagic cysts show a spectrum of findings because of the 
variable sonographic appearance of blood (Fig. 15-31). 
The appearance depends on the amount of hemorrhage 
and the time of the hemorrhage relative to the time of 
the sonographic examination.181-183 The internal charac-
teristics are much better appreciated on transvaginal 
sonography because of its improved resolution. An acute 
hemorrhagic cyst is usually hyperechoic and may mimic 
a solid mass (Fig. 15-31, A-C ). However, it usually has 
a smooth posterior wall and shows posterior acoustic 
enhancement, indicating the cystic nature of the lesion. 
Diffuse low-level internal echoes may be seen (Fig. 
15-31, D ), but this appearance is more frequently seen 
in endometriomas. As the clot hemolyzes, the internal 
pattern becomes more complex, with a reticular-type 
pattern containing internal echoes and interdigitating 
lines believed to result from fibrin strands184 (Fig. 15-31, 
E and F ). These should not be confused with septations, 
which are thicker. As the clot retracts (Fig. 15-31,  G-I ), 
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Hyperreactio luteinalis (HL) is caused by an abnor-
mal response to circulating hCG in the absence of ovula-
tion induction therapy. Approximately 60% of HL cases 
occur in singleton pregnancies with normal circulating 
levels of hCG. HL usually occurs in the third trimester 
or less often in the puerperium. Patients are usually 
asymptomatic, although maternal virilization may be 
seen in up to 25% of patients. Incidence of HL increases 
in patients with polycystic ovarian disease.188 In contrast 
to OHS, body fluid shifts are rare. Sonographically, there 
are bilaterally enlarged ovaries with multiple cysts similar 
to OHS, although the ovaries tend to be not as large and 
the condition occurs later in pregnancy. HL is a self-
limited condition that resolves spontaneously.

effusions may lead to depletion of intravascular fluids 
and electrolytes, resulting in hemoconcentration with 
hypotension, oliguria, and electrolyte imbalance.187 
Severe OHS is usually treated conservatively to correct 
the depleted intravascular volume and electrolyte imbal-
ance and usually resolves within 2 to 3 weeks.

Theca luteal cysts are the largest of the functional 
ovarian cysts and are associated with high hCG levels. 
These cysts typically occur in patients with gestational 
trophoblastic disease but can also be seen in OHS as a 
complication of drug therapy for infertility. Sonographi-
cally, theca luteal cysts are usually bilateral, multilocular, 
and very large. They may undergo hemorrhage, rupture, 
and torsion.
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FIGURE 15-31. Hemorrhagic cysts on transvaginal scans: spectrum of appearances. A, Acute hyperechoic hemor-
rhagic cyst. B, Acute hemorrhagic cyst mimicking a solid lesion. C, Color Doppler ultrasound shows peripheral ring of vascularity (ring 
of fire), typical of a corpus luteum, but no vascularity within the cyst. D, Large cyst containing multiple internal low-level echoes. 
E, Reticular pattern of internal echoes and septations within cyst. F, Reticular pattern. G, H, and I, Variations in clot retraction. The 
clot in I suggests a solid mass. Lack of color Doppler ultrasound signal supports its benign nature.
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nephric origin, or rarely, of mesonephric origin.193 They 
may occur at any age but are most common in the third 
and fourth decades. These cysts are typically small but 
vary in size, and on sonography they have the typical 
appearance of cysts. Parovarian cysts show no cyclic 
changes and are frequently located superior to the uterine 
fundus;193 they may contain internal echoes as a result of 
hemorrhage.194 Larger cysts may undergo torsion and 
rupture similar to other cystic masses. Benign neoplasms 
such as cystadenomas and cystadenofibromas of paro-
varian origin are uncommon. On sonography, parovar-
ian cysts may appear as simple cysts or may contain small 
nodular areas and occasionally have septations.195 Malig-
nancy has been reported in 2% to 3% of parovarian 
cystic masses on histopathology;196,197 it occurs even less 
often in masses less than 5 cm.198,199 A specific diagnosis 
of a parovarian cyst is possible only by demonstrating  
a normal ipsilateral ovary close to, but separate from,  
the cyst.199,200

Peritoneal Inclusion Cysts

Peritoneal inclusion cysts occur predominantly in pre-
menopausal women with a history of previous abdomi-
nal surgery, but they may also be seen in patients with a 
history of trauma, PID, or endometriosis. The ovaries 
are the main producers of peritoneal fluid in women.156 
In patients with peritoneal adhesions, fluid may accumu-
late within the adhesions and entrap the ovaries, result-
ing in a large, adnexal mass.201-204 Peritoneal inclusion 
cysts are lined with mesothelial cells; this condition has 
also been referred to as benign cystic mesothelioma or 
benign encysted fluid. Clinically, most patients present 
with pain and/or a pelvic mass.

Luteoma of pregnancy is a rare benign process 
unique to pregnancy that resolves spontaneously. Lutein-
ized stromal cells may become hormonally active, pro-
ducing androgens and replacing the normal ovarian 
parenchyma. Most patients are asymptomatic, although 
maternal virilization may occur in up to 30%. These 
patients have a 50% risk of virilization of the female 
fetus.189 The male fetus is unaffected. Sonographically, 
luteomas usually present as a nonspecific, heterogeneous, 
predominantly hypoechoic mass that may be highly vas-
cular. An ovarian mass in a pregnant patient with signs 
of virilization should suggest this diagnosis, because 
luteoma is the most common cause of maternal viriliza-
tion during pregnancy.

Ovarian Remnant Syndrome

Infrequently, a cystic mass may be encountered in a 
patient who has undergone bilateral oophorectomy; a 
small amount of residual ovarian tissue has been unin-
tentionally left behind. The surgery has usually been 
technically difficult because of adhesions from endome-
triosis, PID, or tumor.190 The residual ovarian tissue can 
become functional and produce pelvic pain or extrinsic 
compression of the distal ureter, or both. Sonographi-
cally, the cysts vary from small to relatively large, com-
pletely cystic or complex masses.191,192 A thin rim of 
ovarian tissue is usually present in the wall of the cyst.192

Parovarian Cysts

Parovarian (paratubal) cysts account for about 10% to 
20% of all adnexal masses. They are found in the broad 
ligament and are usually of mesothelial or parameso-

A B

FIGURE 15-32. Ovarian hyperstimulation. A, Transvaginal sonogram shows a round, greatly enlarged ovary with multiple 
complicated cysts. B, Sagittal sonogram in right upper quadrant shows large volume of free intraperitoneal fluid.
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most often occurs in the ovary, fallopian tube, broad 
ligament, and posterior cul-de-sac, but it can occur 
almost anywhere in the body, including the bladder  
and bowel. Two forms have been described: diffuse 
and localized (endometrioma) (Fig. 15-34). The diffuse 
form, which is more common, consists of minute endo-
metrial implants involving the pelvic viscera and their 
ligamentous attachments. The ectopic endometrium is 
hormonally responsive and undergoes bleeding during 
the menses, resulting in a local inflammatory reaction 
with adhesions. This diffuse form of endometriosis is 
rarely diagnosed by sonography because the implants are 
too small to be imaged. However, they may occasionally 
be seen as nodular or plaquelike deposits in the pelvis 
associated with particulate ascites and endometriomas in 
the ovary. They may be difficult to distinguish from 
peritoneal metastases (Fig. 15-34, E and F ). Endome-
triosis commonly affects women during the reproductive 
years, and clinical symptoms include dysmenorrhea, dys-
pareunia, and infertility.

The localized form of endometriosis consists of a dis-
crete mass referred to as an endometrioma, or chocolate 
cyst. Although endometriosis is frequently associated 
with infertility, an endometrioma may be seen in a preg-
nant patient. Endometriomas are usually asymptomatic 
and are frequently multiple, with a variety of appear-
ances, from an anechoic cyst to a solid-appearing mass 
caused by the degradation of blood products over time.207 
The characteristic sonographic appearance is that of a 
well-defined, unilocular or multilocular, predominantly 
cystic mass containing diffuse, homogeneous, low-level 
internal echoes (Fig. 15-34, A-D). This is much better 
appreciated on transvaginal sonography.208 The low-level 
internal echoes may be seen diffusely throughout the 
mass or in the dependent portion. Occasionally, a fluid-
fluid level may be seen.

Small, linear, hyperechoic foci may be present in the 
wall of the cyst (Fig. 15-34, A), likely caused by choles-
terol deposits accumulating in the cyst wall.209 In a ret-
rospective study, Patel et al.209 found diffuse, low-level 
internal echoes in 95% of endometriomas. They con-
cluded that this finding in the absence of neoplastic 
features is highly likely to be an endometrioma, espe-
cially if multilocularity or hyperechoic wall foci are 
present, whereas an endometrioma is highly unlikely 
when no component of the mass contains low-level 
echoes. A prospective study by Dogan et al.210 found a 
positive predictive value of 97% for typically appearing 
endometriomas with low-level internal echoes, regular 
margins, round shape, and thick walls. Calcification is 
occasionally present in an endometrioma and misdiag-
nosed as a dermoid.211 Rarely, in pregnancy, decidualiza-
tion of the wall of an endometrioma may occur, resulting 
in a solid vascular mural mass that cannot be differenti-
ated from malignancy212,213 (Fig. 15-35, A-D ). Endome-
trioid and clear cell carcinomas can also occur within 
endometriomas40 (Fig. 15-35, D).

On sonography, peritoneal inclusion cysts are multi-
loculated cystic adnexal masses, often with a bizarre 
shape205 (Fig. 15-33). The diagnostic finding is the pres-
ence of an intact ovary amid septations and fluid.202-204 
This indicates the extraovarian origin of the mass. The 
ovary may be located centrally or displaced peripherally, 
and although it may appear distorted, it is easily identi-
fied. The septations represent the mesothelial and fibrous 
strands seen pathologically. The fluid is usually anechoic 
but may contain echoes in some compartments as a 
result of hemorrhage or proteinaceous fluid. Peritoneal 
inclusion cysts must be differentiated from parovarian 
cysts and hydrosalpinx. All these conditions are extra-
ovarian, but parovarian cysts are separate from the ovary, 
whereas the ovary lies inside or in the wall of a peritoneal 
inclusion cyst. Parovarian cysts are usually round or 
ovoid and not associated with a history of pelvic surgery, 
trauma, or inflammation. Hydrosalpinx appears as a 
tubular or ovoid cystic structure with often visible folds, 
and the ovary is shown to be outside the cystic structure. 
Accurate diagnosis of peritoneal inclusion cysts is impor-
tant because the risk of recurrence after surgical resection 
is 30% to 50%.206 Conservative therapy, such as ovarian 
suppression with oral contraceptives or fluid aspiration, 
is recommended.204 Peritoneal inclusion cysts have no 
malignant potential.

Endometriosis

Endometriosis is defined as the presence of functioning 
endometrial tissue outside the uterus. Endometriosis 

O

FIGURE 15-33. Peritoneal inclusion cyst. Transab-
dominal scan shows multiple fluid-filled cystic areas with linear 
septations (arrows) representing adhesions attached to normal 
ovary (O).
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loss.214,215 Clinical manifestations of PCOS range from 
mild signs of hyperandrogenism in thin, normally men-
struating women to the classic Stein-Leventhal syndrome 
(oligomenorrhea or amenorrhea, hirsutism, and obesity).

The typical sonographic findings of polycystic ovaries 
are those of bilaterally enlarged ovaries containing mul-
tiple small follicles and increased stromal echogenicity 
(Fig. 15-36). The ovaries have a more rounded shape, 
with the follicles usually located peripherally (“string of 
pearls”), although they can also occur randomly through-
out the ovarian parenchyma. Transvaginal sonography, 
because of its superior resolution, is more sensitive in 
detecting the small follicles. However, many women 
with PCOS will not have these typical sonographic  
findings. Ovarian volume may be normal in 30% of 
patients.216,217

Using transvaginal sonography, increased stromal 
echogenicity is believed to be the most sensitive and 
specific sign of polycystic ovaries.218,219 In a small number 
of patients, the sonographic findings may be unilat-
eral.215,220 A 2003 consensus meeting of the American 
Society for Reproductive Medicine and European Society 
of Human Reproduction and Embryology defined 
PCOS as requiring two of three criteria: (1) oligo-ovu-
lation and/or anovulation, (2) hyperandrogenism (clini-
cal and/or biochemical), and (3) polycystic ovaries.221 

The appearance of an endometrioma may be similar 
to a hemorrhagic ovarian cyst because both are cystic 
masses that contain blood of variable age. However, a 
hemorrhagic cyst more frequently demonstrates a reticu-
lar internal pattern and is more frequently associated 
with free fluid in the cul-de-sac. A hemorrhagic cyst will 
resolve or show a significant decrease in size over the next 
few menstrual cycles, whereas endometriomas tend to 
show little change in size and internal echo pattern. 
Clinically, most women with an acute hemorrhagic cyst 
present with acute pelvic pain, whereas women with an 
endometrioma are asymptomatic or have more chronic 
discomfort associated with their menses.

Polycystic Ovarian Syndrome

Polycystic ovarian syndrome (PCOS) is a complex endo-
crinologic disorder of abnormal estrogen and androgen 
production resulting in chronic anovulation. The serum 
LH level is elevated and the FSH level is depressed; an 
elevated LH/FSH ratio is a characteristic finding. Patho-
logically, the ovaries contain an increased number of 
follicles in various stages of maturation and atresia, and 
increased local concentration of androgens produces 
stromal abnormality. PCOS is a common cause of infer-
tility and a higher-than-usual rate of early pregnancy 

A B C
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FIGURE 15-34. Endometriosis: spectrum of appearances. Transvaginal scans. A to D, Uniform low-level echoes within a 
cystic ovarian mass. A, Typical peripheral echogenic foci. B, Fluid-fluid level. C, Avascular marginal echogenic nodules. D, Bilateral disease. 
E, Endometriotic plaque on posterior surface of uterus (arrows). F, Filling the pouch of Douglas (arrows). U, Uterus.
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Because ovulation does not occur, the follicles will 
persist on serial studies. Long-term follow-up is recom-
mended in patients with PCOS because the unopposed 
high estrogen levels appear to be associated with an 
increased risk of endometrial and breast carcinoma.

Ovarian Torsion

Torsion of the ovary is an acute abdominal condition 
requiring prompt surgical intervention (Fig. 15-37). It 
is caused by partial or complete rotation of the ovarian 
pedicle on its axis. This results in compromise of the 

Also, the diagnosis of polycystic ovaries should have 
either 12 or more follicles measuring 2 to 9 mm in 
diameter or increased ovarian volume greater than 10 cc. 
Although increased stromal echogenicity was considered 
specific for polycystic ovaries, because of its subjective 
nature, it was not included in the criteria. The consensus 
thought that measurement of ovarian volume worked  
as well as stromal evaluation in clinical practice. Jonard 
et al.222 reported that more than 12 follicles was the best 
diagnostic criterion.222 These criteria are not considered 
valid if the patient is taking oral contraceptives or there 
is a dominant follicle greater than 10 mm.

A B

C D

FIGURE 15-35. Ovarian masses in four pregnant patients. Transvaginal color Doppler ultrasound images. A and B, 
Decidualization of endometrioma in two patients. A, Ovarian mass filled with low-level internal echoes typical of endometrioma, with 
solid vascular mural nodule, at 23 weeks’ gestation. Nodule disappeared and mass became smaller after delivery. B, Another patient, at 
24 weeks’ gestation, shows a large, predominantly solid vascular ovarian mass with a small cystic component. The mass had continued to 
increase during the pregnancy and was confirmed at surgery. C, Ovarian cystadenocarcinoma of low malignant potential. Ovarian 
mass filled with low-level internal echoes with solid vascular mural nodule at 11 weeks’ gestation; surgery at 16 weeks. D, Clear cell 
carcinoma in an endometrioma. Ovarian mass with low-level internal echoes and large solid vascular component, which had been 
growing; 26 weeks’ gestation; confirmed at surgery.
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quently on the right side, and the pain may clinically 
mimic acute appendicitis. This may be caused by the 
decreased space on the left side, which is occupied by the 
sigmoid colon and protects the left ovary.224

Torsion may occur in normal ovaries or in association 
with a preexisting ovarian cyst or mass, which is usually 
benign.225 In postmenopausal women, however, the mass 
has a higher frequency of being malignant, with a higher 
frequency of ovarian necrosis resulting from delayed 

lymphatic and venous drainage, causing congestion and 
edema of the ovarian parenchyma and leading to even-
tual loss of arterial perfusion and resultant infarction. 
Torsion usually occurs in childhood and during the 
reproductive years and is uncommon after menopause. 
There is an increased risk during pregnancy, especially if 
the patient has hyperstimulated ovaries.223 Clinically, 
there is severe pelvic pain, nausea, and vomiting. A pal-
pable mass may be present. Torsion occurs more fre-

A B

FIGURE 15-36. Polycystic ovaries: typical appearance on transvaginal scans. A and B, Enlarged round ovaries 
(outlined by cursors) with mildly increased stromal echogenicity and multiple peripheral follicles, “string of pearls” sign, and central 
follicles.

A B

FIGURE 15-37. Ovarian torsion. This 18-year-old girl had acute right lower abdominal pain, thought clinically to be appendicitis. 
A, Enlarged right ovary with enlarged peripheral follicles. Color Doppler ultrasound evaluation shows minimal flow, much less than on 
the normal side. B, One day later, the ovary had quadrupled in size, with no flow demonstrated on Doppler ultrasound.
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whether an adnexal mass is present (Fig. 15-38). The 
ovary is enlarged. Multiple cortical follicles in an enlarged 
ovary are considered a specific sign, although they are 
not always present.228 The multifollicular enlargement is 
the result of transudation of fluid into the follicles from 

diagnosis.226,227 Torsion of a normal ovary usually occurs 
in children and younger women with especially mobile 
adnexa, allowing torsion at the mesosalpinx.228

The sonographic findings are variable, depending on 
the duration and degree of vascular compromise and 

A B

C D

C B

U

FIGURE 15-38. Ovarian torsion in two young women with ovarian masses. A, Transabdominal sagittal image of a 
young woman with acute pain shows a large, simple cyst (C) that lies anterior to the uterus (U) and cephalad to the bladder (B). This 
unusual position should raise the suspicion of torsion. No blood flow could be detected in the ovary on color Doppler ultrasound. B, C, 
and D, Another young woman with acute pain. B, Transabdominal image shows a large, multiloculated midline cystic mass. Neither 
ovary could be definitely identified. C, Transvaginal image shows echogenic fluid within the cystic component. D, Transabdominal image 
to right of mass shows tortuous tubular structures, which showed no flow on Doppler, suggesting a twisted ovarian pedicle. A torsed, 
nonviable right ovary was confirmed at surgery, and pathology showed a large, mucinous cystadenoma.
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diagnosis. Because there are few clinical symptoms,  
60% to 70% of women have advanced disease (stages III  
or IV) at diagnosis. The overall 5-year survival rate is 
20% to 30%, but with early detection in stage I, the rate 
rises to 80% to 90%. Therefore, efforts have been 
directed at developing methods of early diagnosis of 
ovarian cancer.

Increasing age, nulliparity, a family history of ovarian 
cancer, and a patient history of breast, endometrial, or 
colon cancer have been associated with increased risk of 
ovarian cancer. Family history is considered to be the 
most important risk factor. The lifetime risk of a woman 
developing ovarian cancer is 1 in 70 (1.4%). However, 
if a woman has a first-degree relative (mother, daughter, 
sister) or second-degree relative (aunt or grandmother) 
who has had ovarian cancer, the risk is 5%. With two 
or more relatives, the lifetime risk increases to 7%.240 
About 3% to 5% of women with a family history of 
ovarian cancer will have a hereditary ovarian cancer syn-
drome. The three main hereditary syndromes associated 
with ovarian cancer are the breast-ovarian cancer syn-
drome, the most common, caused by mutations in the 
suppressor genes BRCA1 and BRCA2, with a high fre-
quency of both cancers; the hereditary nonpolyposis 
colorectal cancer syndrome (Lynch II) in which ovarian 
cancer occurs in association with nonpolyposis colorectal 
cancer or endometrial cancer, or both; and site-specific 
ovarian cancer syndrome, the least common, without 
an excess of breast or colorectal cancer.241 Hereditary 
ovarian cancer syndromes are thought to have an auto-
somal dominant inheritance, and the lifetime risk of 
ovarian cancer in these patients is 40% to 50%. They 
have an earlier age of onset (10-15 years) than do other 
ovarian cancers.241

A number of clinical screening trials of asymptomatic 
women have been reported using transvaginal sonogra-
phy either alone or in combination with Doppler sonog-
raphy and/or biologic markers such as cancer antigen 
(CA) 125.242-247 CA 125 is a high-molecular-weight gly-
coprotein recognized by the OC 125 monoclonal anti-
body. It has proved extremely useful in following the 
clinical course of patients undergoing chemotherapy and 
in detecting recurrent subclinical disease.248,249 Although 
serum CA 125 is elevated in approximately 80% of 
women with epithelial ovarian cancer, it detects less than 
50% of stage I disease and is insensitive to mucinous and 
germ cell tumors.249 Other malignancies, as well as 
several benign conditions, may be associated with ele-
vated serum CA 125. The use of serum CA 125 and/or 
sonography as a screening test for ovarian cancer is not 
recommended for routine clinical use.250 Routine screen-
ing has resulted in unnecessary surgery with its attendant 
potential risks.250

Histologically, epithelial neoplasms represent 65% 
to 75% of ovarian tumors and 90% of ovarian malig-
nancies40 (Table 15-2). The remaining neoplasms 
consist of germ cell tumors (15%-20%), sex cord–

the circulatory impairment. Free fluid in the cul-de-sac 
is often seen.229 Color and spectral Doppler ultrasound 
examination may show absent flow in the affected ovary. 
However, Doppler findings may vary depending on the 
degree and chronicity of the torsion and whether there 
is an associated adnexal mass.230 The presence of arterial 
or venous flow or both does not exclude the diagnosis of 
torsion. Doppler arterial waveforms and color flow have 
been reported in surgically proven cases of torsion.231,232 
The possible explanations proposed are that venous 
thrombosis leads to symptoms before arterial occlusion 
occurs and that persistent adnexal arterial flow is related 
to the dual-ovarian arterial blood supply (ovarian artery 
and ovarian branches of uterine artery).232 A twisted 
vascular pedicle (consisting of broad ligament, fallopian 
tube, and adnexal and ovarian branches of uterine artery 
and vein) may be demonstrated as a round hyperechoic 
structure with multiple concentric hypoechoic stripes 
(target appearance) or as an ellipsoid or tubular struc-
ture with internal heterogeneous echoes.233 On color 
Doppler ultrasound, the presence of circular or coiled 
twisted vessels within the vascular pedicle (whirlpool 
sign) is helpful in diagnosing torsion.233 Absence of 
blood flow within the vascular pedicle suggests a non-
viable ovary.233,234 Comparison with the morphologic 
appearance and flow patterns of the contralateral ovary 
should always be done and can be helpful because 
decreased flow may be present in the torsed ovary.229,235 
The most constant finding in ovarian torsion is a uni-
lateral enlarged ovary. In the appropriate clinical 
setting, an enlarged ovary should suggest torsion even in 
the presence of ovarian Doppler ultrasound flow.235,236 
Torsion is extremely unlikely if the ovary is morphologi-
cally normal, regardless of Doppler findings.

Massive Edema of the Ovary

Massive edema is a rare condition resulting from partial 
or intermittent torsion of the ovary, causing venous and 
lymphatic obstruction but not arterial occlusion. This 
results in ovarian enlargement caused by marked stromal 
edema. The few cases described on sonography show a 
large, predominantly multicystic adnexal mass.237-239

Neoplasms

Ovarian Cancer

Ovarian cancer is the fifth leading cause of cancer death 
among U.S. women. The ACS estimated 21,650 new 
cases of ovarian cancer in the United States in 2008, with 
about 15,520 deaths. Between 1987 and 2004, the inci-
dence has decreased at a rate of 0.9% a year.114 Ovarian 
cancer represents 25% of all gynecologic malignancies, 
with peak incidence in the sixth decade of life. Although 
only the third most common gynecologic malignancy,  
it has the highest mortality rate as a result of late  
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and malignant lesions in the individual patient.258-263 
Other parameters such as vessel location have been sug-
gested to improve the specificity of Doppler ultrasound 
assessment of ovarian masses.264 Malignant lesions tend 
to have more central flow, whereas benign lesions tend 
to have more peripheral flow. However, Stein et al.259 
found considerable overlap, with 21% of malignant 
lesions having only peripheral flow and 31% of benign 
lesions having central flow. Guerriero et al.265 found a 
higher accuracy in predicting malignancy when color 
Doppler US demonstrated arterial flow within the solid 
portions of the mass.

Studies comparing the morphologic features on 
sonography with the Doppler findings found that 
Doppler ultrasound showed no more diagnostic infor-
mation than morphologic assessment alone.253,260,261,266 
Valentin253 concluded that, in experienced hands, 
morphologic assessment is the best method for discri-
minating between benign and malignant masses—with 
the main advantage of adding Doppler ultrasound  
being to increase the confidence with which a correct 
diagnosis is made. Others have found that Doppler ultra-
sound, when added to sonographic morphologic assess-
ment, improves specificity and positive predictive 
value.263,267-269 Brown et al.270 found that a nonhyper-
echoic solid component was the most statistically signifi-
cant predictor of malignancy. Schelling et al.271 also 
found that a solid component in an adnexal mass with 
central vascularity achieved high accuracy, sensitivity, 
and specificity in predicting malignancy. A meta-analysis 
of 46 published studies concluded that ultrasound tech-
niques that combine morphologic assessment with color 
Doppler flow imaging (CDFI) is significantly better in 
characterizing ovarian masses than morphologic assess-
ment, CDFI, or Doppler indices alone.272 Doppler ultra-

stromal tumors (5%-10%), and metastatic tumors 
(5%-10%).

Sonographically, ovarian cancer usually presents as an 
adnexal mass (Fig. 15-39). Well-defined anechoic lesions 
are more likely to be benign, whereas lesions with irregu-
lar walls, thick irregular septations, mural nodules, and 
solid echogenic elements favor malignancy.251,252 Many 
scoring systems and mathematical models based on  
the morphologic characteristics have been proposed for 
distinguishing between benign and malignant masses. 
However, subjective evaluation of the ultrasound mor-
phologic features (pattern recognition) by an experi-
enced interpreting physician has been shown to be the 
superior method.253,254 Using this method, a physician 
should be able to distinguish benign from malignant 
masses in approximately 90% of cases.255 Van Calster 
et al.256 found pattern recognition by an experienced 
sonologist to be superior to CA 125 for discrimination 
between benign and malignant masses.

Color and pulsed Doppler sonography have been 
advocated for distinguishing benign from malignant 
ovarian masses. Support is based on the premise that 
malignant masses, because of internal neovasculariza-
tion, will have high diastolic flow that can be detected 
on spectral Doppler ultrasound waveforms. Malignant 
tumor growth depends on angiogenesis, with the devel-
opment of abnormal tumor vessels.257 These abnormal 
vessels lack smooth muscle within their walls, which, 
along with arteriovenous shunting, leads to decreased 
vascular resistance and thus higher diastolic flow velocity 
Therefore, the pulsatility index (PI) and resistive index 
(RI) should be lower in malignant lesions. Although 
many reports have found a tendency for both PI and RI 
to be lower in malignant lesions, there has been too 
much overlap to differentiate reliably between benign 

TABLE 15-2. OVARIAN NEOPLASMS: HISTOLOGIC OUTLINE

TYPE ANOMALY INCIDENCE EXAMPLES

I Surface epithelial–stromal tumors 65%-75% Serous cystadenoma (carcinoma)
Mucinous cystadenoma (carcinoma)
Endometrioid carcinoma
Clear cell carcinoma
Transitional cell tumor

II Germ cell tumors 15%-20% Teratoma
Dermoid
Immature

Dysgerminoma
Yolk sac tumor

III Sex cord–stromal tumors 5%-10% Granulosa cell tumor
Sertoli-Leydig cell tumor
Thecoma and fibroma

IV Metastatic tumors 5%-10% Genital primary
Uterus

Extragenital primary
Stomach
Colon
Breast

Lymphoma
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the ovary and the underlying ovarian stroma (Fig. 
15-39). These tumors can be divided into five broad 
categories based on epithelial differentiation: serous, 
mucinous, endometrioid, clear cell, and transitional 
cell (Brenner).40 This group of tumors accounts for 
65% to 75% of all ovarian neoplasms and 80% to 90% 
of all ovarian malignancies. The mode of spread of the 
malignant tumors is primarily intraperitoneal, although 
direct extension to contiguous structures and lymphatic 
spread can occur. Lymphatic spread is predominantly to 
the paraortic nodes. Hematogeneous spread usually 
occurs late in the course of the disease.
Serous Cystadenoma and Cystadenocarcinoma. 
Serous tumors are the most common surface epithelial–

sound is probably not needed if the mass has a 
characteristic benign morphology, because morphologic 
assessment is highly accurate in this group of lesions.259,262 
Doppler ultrasound is likely valuable in assessing the 
mass that is morphologically indeterminant or suggestive 
of malignancy. Doppler findings should be combined 
with morphologic assessment, clinical findings, patient 
age, and phase of menstrual cycle for optimal evaluation 
of an adnexal mass.273

Surface Epithelial–Stromal Tumors

Surface epithelial–stromal tumors are generally consid-
ered to arise from the surface epithelium that covers  
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FIGURE 15-39. Epithelial ovarian neoplasms: spectrum of appearances. A and B, Serous cystadenomas. A, Septa-
tions within a cystic mass are fairly thin. B, Septations are thicker. C, Serous cystadenoma of low malignant potential. Low-level 
echogenic particles and mural nodules. D and E, Mucinous cystadenomas. F, Mucinous cystadenocarcinoma. Large size and septations 
are characteristic; septal nodularity is marked (arrows). G, H, and I, Patient with serous cystadenocarcinoma. Extensive nodularity shows 
vascularity, confirming the morphologic suspicion of a malignant mass. There is high diastolic flow resulting in a low resistive index.
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within the fluid. This condition may occur in mucinous 
cystadenomas and in mucinous cystadenocarcinomas.  
A ruptured mucocele of the appendix and mucinous 
tumors of the appendix and colon can also lead to pseu-
domyxoma peritonei.
Borderline Ovarian Tumors or Tumors of Low 
Malignant Potential. There is an intermediate group 
of epithelial tumors that are histologically categorized as 
“borderline” or of “low malignant potential” (LMP). 
They are much more common in the serous and muci-
nous tumors, occurring in 10% to 15% of each. These 
tumors have cytologic features of malignancy but do not 
invade the stroma and, although malignant, have a much 
better prognosis. They present at an earlier age than 
cystadenocarcinomas and have a 5-year and 20-year sur-
vival of 95% and 80%, respectively. They may be treated 
by ovary-sparing surgery to preserve fertility.

Sonographic features suggestive of LMP tumors are a 
small to medium-sized cyst containing low-level echoes 
(similar to an endometrioma) with vascular mural nodules 
(Figs. 15-35, C, and 15-39, C ) or a cystic mass with a 
well-defined multilocular (honeycomb) nodule.275,276 
Normal ovarian tissue may be seen adjacent to the lesion 
and may be helpful in excluding invasive ovarian 
cancer.275,277 This has been referred to as the ovarian 
crescent sign.277

Endometrioid Tumor. Almost all endometrioid tumors 
are malignant. They are the second most common epi-
thelial malignancy, representing 20% to 25% of ovarian 
malignancies; 25% to 30% are bilateral, and they occur 
most frequently in the fifth and sixth decades. Their 
histologic characteristics are identical to those of endo-
metrial adenocarcinoma, and approximately 30% of 
patients have associated endometrial adenocarcinoma, 
which is thought to represent an independent primary 
tumor. Approximately 15% to 20% of endometrioid 
cancer is associated with endometriosis, which may 
occur within the endometriosis, the ipsilateral or contra-
lateral ovary.40 The endometrioid tumor has a better 
prognosis than other epithelial malignancies, probably 

stromal tumors, representing 30% of all ovarian neo-
plasms. Approximately 50% to 70% of serous tumors 
are benign. Serous cystadenomas account for about 
25% of all benign ovarian neoplasms, and serous cyst-
adenocarcinomas account for about 50% of all malig-
nant ovarian neoplasms.40 The peak incidence of serous 
cystadenomas is in the fourth and fifth decades, whereas 
serous cystadenocarcinomas most frequently occur in 
perimenopausal and postmenopausal women. Approxi-
mately 20% of benign serous tumors and 50% of malig-
nant serous tumors are bilateral. Their sizes vary greatly, 
but in general they are smaller than mucinous tumors.

Sonographically, serous cystadenomas are usually 
large, thin-walled, unilocular cystic masses that may 
contain thin septations (Fig. 15-39, A and B). Papillary 
projections are occasionally seen. Serous cystadenocar-
cinomas may be quite large and usually present as mul-
tilocular cystic masses containing multiple papillary 
projections arising from the cyst walls and septa (Fig. 
15-39, G-I ). The septa and walls may be thick. Echo-
genic solid material may be seen within the loculations. 
Papillary projections may form on the surface of the cyst 
and surrounding organs, resulting in fixation of the mass. 
Ascites is frequently seen.
Mucinous Cystadenoma and Cystadenocarcinoma. 
Mucinous tumors are the second most common ovarian 
epithelial tumor, accounting for 20% to 25% of ovarian 
neoplasms. Mucinous cystadenomas constitute 20% to 
25% of all benign ovarian neoplasms, and mucinous 
cystadenocarcinomas make up 5% to 10% of all 
primary malignant ovarian neoplasms.40 Mucinous cyst-
adenomas occur most often in the third to sixth decades, 
but may be seen in very young women, whereas muci-
nous cystadenocarcinomas most frequently occur in the 
fourth to seventh decades. Mucinous tumors are less 
frequently bilateral than their serous counterparts, with 
only 5% of the benign and 15% to 20% of the malignant 
lesions occurring on both sides; 80% to 85% of muci-
nous tumors are benign.274

On sonographic examination, mucinous cystadeno-
mas can be huge cystic masses, measuring up to 15 to 
30 cm and filling the entire pelvis and abdomen (Figs. 
15-39, D , and 15-40). Multiple thin septa are present, 
and low-level echoes caused by the mucoid material may 
be seen in the dependent portions of the mass (Fig. 15-39, 
D and E ). Papillary projections are less frequently seen 
than in the serous counterpart. Mucinous cystadenocar-
cinomas are usually large, multiloculated cystic masses 
containing papillary projections and echogenic material; 
they generally have a sonographic appearance similar to 
that of serous cystadenocarcinomas (Fig. 15-39, F ).

Penetration of the tumor capsule or rupture may lead 
to intraperitoneal spread of mucin-secreting cells that fill 
the peritoneal cavity with a gelatinous material. This 
condition, known as pseudomyxoma peritonei, may be 
similar sonographically to ascites or may contain multi-
ple septations in the fluid that fills much of the pelvis 
and abdomen. Low-level echogenic material may be seen 

FIGURE 15-40. Mucinous cystadenoma. Gross patho-
logic specimen shows multiple cystic loculations.
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dense fibrous stroma. They appear similar to ovarian 
fibromas and thecomas and to uterine leiomyomas, both 
sonographically and pathologically.

Germ Cell Tumors

Germ cell tumors are derived from the primitive germ 
cells of the embryonic gonad. They account for 15% to 
20% of ovarian neoplasms, with 95% benign cystic 
teratomas. The others, including dysgerminomas and 
endodermal sinus (yolk sac) tumors, occur mainly in 
children and young adults and are almost always malig-
nant. Germ cell tumors are the most common ovarian 
malignancies in children and young adults. When a 
large, predominantly solid ovarian mass is present in a 
girl or young woman, the diagnosis of a malignant germ 
cell tumor should be strongly considered.280

Cystic Teratoma. Cystic teratomas make up approxi-
mately 15% to 25% of ovarian neoplasms; 10% to 15% 
are bilateral. They are composed of well-differentiated 
derivatives of the three germ layers: ectoderm, meso-
derm, and endoderm. Because ectodermal elements 
generally predominate, cystic teratomas are virtually 
always benign and are also called dermoid cysts. Cystic 
teratomas and serous cystadenomas are the two most 
common ovarian neoplasms. In contrast to surface  
epithelial–stromal tumors, cystic teratomas are more fre-
quently seen in the active reproductive years, but can 
occur at any age and can be seen in postmenopausal 
women. These tumors may present as a clinically pal-
pable mass. Cystic teratomas are usually asymptomatic 
and often are discovered incidentally during sonography. 
In approximately 10% of cases, the tumor is diagnosed 
during pregnancy.40 Torsion is the most common com-
plication, whereas rupture is uncommon, occurring in 
1% of patients and causing a secondary chemical perito-
nitis. Malignant transformation is also uncommon, 
occurring in 2% of patients, usually older women.40

Sonographically, cystic teratomas have a variable 
appearance ranging from completely anechoic to com-
pletely hyperechoic. However, certain features are con-
sidered specific (Figs. 15-42 and 15-43). These include 
a predominantly cystic mass with an echogenic mural 
nodule, the dermoid plug.281 The dermoid plug usually 

related to diagnosis at an earlier stage. Sonographically, 
it usually presents as a cystic mass containing papillary 
projections, although some endometrioid tumors are 
predominantly a solid mass that may contain areas of 
hemorrhage or necrosis.274

Clear Cell Tumor. This tumor is considered to be of 
müllerian duct origin and a variant of endometrioid 
carcinoma. Clear cell tumor is almost always malignant 
and constitutes 5% to 10% of primary ovarian carcino-
mas. It occurs most frequently in the fifth to seventh 
decades and is bilateral in about 20% of patients. Associ-
ated pelvic endometriosis is present in 50% to 70% of 
clear cell carcinomas, and approximately one third arise 
within the lining of endometriomas40 (see Fig. 15-35, C 
and D). Sonographically, it usually presents as a nonspe-
cific, complex, predominantly cystic mass.274

Transitional Cell Tumor. Also known as Brenner 
tumor, transitional cell tumor is derived from the surface 
epithelium that undergoes metaplasia to form typical 
uroepithelial-like components.274 It is uncommon, 
accounting for 2% to 3% of all ovarian neoplasms, and 
is almost always benign; 6% to 7% are bilateral. Most 
patients are asymptomatic, and the tumor is discovered 
incidentally on sonographic examination or at surgery. 
About 30% are associated with cystic neoplasms, usually 
serous or mucinous cystadenomas or cystic teratomas, 
frequently in the ipsilateral ovary278 (Fig. 15-41). Sono-
graphically, Brenner tumors are hypoechoic solid masses. 
Calcification may occur in the outer wall. A cystic com-
ponent is uncommon, but when present, usually results 
from a coexistent cystadenoma.274,279 Pathologically, 
transitional cell masses are solid tumors composed of 

C

FIGURE 15-41. Transitional cell (Brenner) tumor 
in wall of mucinous cystadenoma. Transabdominal 
scan shows a large, well-defined cystic mass (C) with a solid 
hypoechoic mural nodule (arrow). Pathology showed a Brenner 
tumor within the wall of a large, mucinous cystadenoma.

CYSTIC TERATOMAS:  
SONOGRAPHIC FEATURES

Dermoid plug
“Tip of the iceberg” sign
Dermoid mesh
Mobile spherules (rare)
Fat-fluid level with echogenic nondependent layer
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the posterior wall of the lesion. This has been termed the 
“tip of the iceberg” sign283 (Fig. 15-42, B). Highly 
echogenic foci with well-defined acoustic shadowing 
may arise from other elements, including teeth and bone. 
Multiple linear hyperechogenic interfaces may be seen 
floating within the cyst and have been shown to be hair 
fibers.284 This is also considered a specific sign and has 
been referred to as the dermoid mesh285 (Fig. 15-42, D). 

contains hair, teeth, or fat and frequently casts an acous-
tic shadow. Correlation with computed tomography 
(CT) images has shown that in many cases the cystic 
component is pure sebum (which is liquid at body tem-
perature) rather than fluid.282

A mixture of matted hair and sebum is highly echo-
genic because of multiple tissue interfaces, and it pro-
duces poorly defined acoustic shadowing that obscures 

A B C

D E F
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U

FIGURE 15-42. Dermoid cysts: spectrum of appearances. A, Small, highly echogenic mass in an otherwise normal ovary. 
B, Transverse transabdominal scan shows the uterus (U). In the right adnexal region, there is a highly echogenic and attenuating mass 
(arrows), the “tip of the iceberg” sign. C, Highly echogenic intraovarian mass with no normal ovarian tissue. D, Mass of varying echo-
genicity with hair-fluid level (straight arrow) and highly echogenic, fat-containing dermoid plug (curved arrow) with shadowing. E, Mass 
with fat-fluid level (arrow), with dependent layer more echogenic. F, Mass containing uniform echoes, small cystic area, and calcification 
(arrows) with shadowing. G, Combination of dermoid mesh and dermoid plug appearances. H, Dermoid mesh, multiple linear hyper-
echogenic interfaces floating within cystic mass. I, Multiple mobile spherical echogenic structures floating in a large, cystic pelvic mass.
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presents as a solid mass, but cystic structures of varying 
size may also be seen.280 Calcifications are typically seen 
in immature teratoma.
Dysgerminoma. Dysgerminomas are malignant germ 
cell tumors that constitute approximately 1% to 2% of 
primary ovarian neoplasms and 3% to 5% of ovarian 
malignancies.40 They are composed of undifferentiated 
germ cells and are morphologically identical to the male 
testicular seminoma. Dysgerminomas are highly radio-
sensitive and have a 5-year survival of 75% to 90%. This 
tumor occurs predominantly in women under age 30 
and is bilateral in approximately 15% of cases.

The dysgerminoma, cystic teratoma, and serous 
cystadenoma are the most common ovarian neoplasms 
seen in pregnancy.40 Sonographically, they are solid 
masses that are predominantly echogenic but that may 
contain small anechoic areas caused by hemorrhage or 
necrosis280 (Fig. 15-44). CT and MRI have shown these 
solid masses to be lobulated with fibrovascular septa 
between the lobules.292 A report using color Doppler 
ultrasound in three dysgerminomas showed prominent 
arterial flow within the fibrovascular septa of a multi-
lobulated, solid, echogenic mass.293

Yolk Sac Tumor. This rare, rapidly growing tumor, 
also called endodermal sinus tumor, is the second most 
common malignant ovarian germ cell neoplasm after 
dysgerminoma. Yolk sac tumor has a poor prognosis. It 
is thought to arise from the undifferentiated, multipo-
tential embryonal carcinoma by selective differentiation 
toward yolk sac or vitelline structures.40 It usually occurs 
in females under 20 years of age and is almost always 
unilateral. Increased levels of serum alpha-fetoprotein 
(AFP) may be seen in association with endodermal sinus 
tumor. The sonographic appearance is similar to that of 
the dysgerminoma.280

Sex Cord–Stromal Tumors

Sex cord–stromal tumors arise from the sex cords of  
the embryonic gonad and from the ovarian stroma. The 
main tumors in this group include the granulosa cell 
tumor, Sertoli-Leydig cell tumor (androblastoma), 
thecoma, and fibroma. This group accounts for 5% to 
10% of all ovarian neoplasms and 2% of all ovarian 
malignancies.
Granulosa Cell Tumor. Representing 1% to 2% of 
ovarian neoplasms, granulosa cell tumor has a low malig-
nancy potential. About 95% are of the adult type and 
occur predominantly in postmenopausal women; almost 
all are unilateral. Granulosa cell tumors are the most 
common estrogenically active ovarian tumor,40 and clini-
cal signs of estrogen production can occur. Approxi-
mately 10% to 15% of patients eventually develop 
endometrial carcinoma. The juvenile type makes up 5% 
of granulosa cell tumors, occurring mainly in patients 
younger than 30 years and in children. In premenarchal 
girls, these tumors usually produce sexual precocity as a 

A fat-fluid or hair-fluid level may also be seen (Fig. 
15-42, D and E ). In most cases, as in other lesions such 
as endometriomas and hemorrhagic cysts, the dependent 
layer will be more echogenic. However, in approximately 
30% of dermoids, the nondependent layer will be more 
echogenic.286 Another rare but characteristic feature is 
multiple mobile spherical echogenic structures floating 
in a large, cystic pelvic mass287 (Fig. 15-42, I ). Micro-
scopically, these structures were composed of desquama-
tive keratin-containing fibrin, hemosiderin, and hair.

Patel et al.288 found that an adnexal mass showing two 
or more characteristic sonographic dermoid features  
had a positive predictive value of 100%. Pitfalls in the 
diagnosis of cystic teratomas have been described.289 
Acute hemorrhage into an ovarian cyst or an endome-
trioma may be so echogenic that it resembles a dermoid 
plug. However, posterior sound enhancement is usually 
seen with acute hemorrhage, whereas the dermoid plug 
tends to attenuate sound. Other pitfalls include pedun-
culated fibroids, especially lipoleiomyomas, and perfo-
rated appendicitis with an appendicolith. An echogenic 
dermoid may appear similar to bowel gas and may be 
overlooked. If a definite pelvic mass is clinically palpable 
and the sonogram appears normal, the patient should be 
reexamined, to look carefully for a dermoid.

Struma ovarii is a teratoma composed entirely or 
predominantly of thyroid tissue. It occurs in 2% to 3% 
of teratomas. Color Doppler sonography detected central 
blood flow in solid tissue in four reported cases of struma 
ovarii, compared with absent central blood flow in 
benign cystic teratomas.290 This is likely caused by the 
highly vascularized thyroid tissue in struma ovarii, versus 
the avascular fat and hair found in benign cystic terato-
mas. Although associated hormonal effects are rare, 
sonography may be valuable in identifying a pelvic lesion 
in a hyperthyroid patient when there is no evidence of a 
thyroid lesion in the neck.291

Immature teratoma is uncommon, representing less 
than 1% of all teratomas, and contains immature tissue 
from all three germ-cell layers. It is a rapidly growing 
malignant tumor that most often occurs in the first  
two decades of life. Sonographically, the tumor usually 

FIGURE 15-43. Cystic teratoma. Pathologic specimen 
shows large ovarian mass containing fluid, fat, hair, and teeth.
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hypoechoic masses or may be similar in appearance to 
granulosa cell tumors.296

Thecoma and Fibroma. Both these tumors arise from 
the ovarian stroma and may be difficult to distinguish 
from each other pathologically. Tumors with an abun-
dance of thecal cells are classified as thecomas, whereas 
those with fewer thecal cells and abundant fibrous tissue 
are classified as thecofibromas and fibromas. Thecomas 
constitute approximately 1% of all ovarian neoplasms, 
and 70% occur in postmenopausal females. They are 
unilateral, almost always benign, and frequently show 
clinical signs of estrogen production. Fibromas repre-
sent about 4% of ovarian neoplasms, are benign, usually 
unilateral, and occur most often in menopausal and post-
menopausal women. Unlike thecomas, fibromas are 
rarely associated with estrogen production and therefore 
are frequently asymptomatic, despite reaching a large 
size. Ascites has been reported to be present in up to 50% 
of patients with fibromas larger than 5 cm in diameter.297 

result of estrogen secretion. Sonographically, adult gran-
ulosa cell tumors have a variable appearance, ranging 
from small solid masses to tumors with variable degrees 
of hemorrhage or fibrotic changes, to multilocular cystic 
lesions.294 Metastases, although uncommon, appear as 
peritoneal-based masses, similar to epithelial neoplasms, 
or as cystic liver masses.295

Sertoli-Leydig Cell Tumor. This rare tumor, also 
called androblastoma, constitutes less than 0.5% of 
ovarian neoplasms. It generally occurs in women under 
30 years of age; almost all are unilateral. Malignancy 
occurs in 10% to 20% of these tumors. The malignant 
tumors tend to recur relatively soon after initial diagno-
sis, with few recurrences after 5 years.296 Clinically, signs 
and symptoms of virilization occur in about 30% of 
patients, although about half will have no endocrine 
manifestations.40 Occasionally, these tumors may be 
associated with estrogen production. Sonographically, 
Sertoli-Leydig cell tumors usually appear as solid 
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FIGURE 15-44. Dysgerminomas in three young 
women. A, Transverse transabdominal scan shows large, solid 
pelvic mass (M) adjacent to the uterus (U). B, Transvaginal scan 
shows large, solid ovarian mass with thin, linear hyperechoic areas, 
likely representing fibrous septa. C, Transverse transabdominal 
scan shows large, right ovarian mass with increased vascularity on 
color Doppler ultrasound. Dysgerminoma also presents in left 
ovary (L); UT, uterus.
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Metastatic Tumors

About 5% to 10% of ovarian neoplasms are metastatic 
in origin. The most common primary sites of ovarian 
metastases are tumors of the breast and gastrointestinal 
tract. The term Krukenberg tumor should be reserved 
for those tumors containing the typical mucin-secreting 
“signet ring” cells, usually of gastric or colonic origin. 
Endometrial carcinoma frequently metastasizes to the 
ovary, but it may be difficult to distinguish from primary 
endometrioid carcinoma, as discussed earlier. Sono-
graphically, ovarian metastases are usually bilateral solid 
masses, but they may become necrotic and may have a 
complex, predominantly cystic appearance that simulates 
primary cystadenocarcinoma299,300 (Fig. 15-46). Testa 
et al.301 found that almost all ovarian metastases from 
primary tumors of the breast, stomach, and uterus were 
solid, whereas those from the colon and rectum were 

Meigs syndrome (associated ascites and pleural effusion) 
occurs in 1% to 3% of patients with ovarian fibromas 
but is not specific, having been reported in association 
with other ovarian neoplasms as well. Fibromas also 
occur in approximately 17% of patients with the basal 
cell nevus (Gorlin) syndrome. In this condition the 
fibromas are usually bilateral, calcified, and occur in 
younger women (mean age, 30 years).296

Sonographically, these tumors have a characteristic 
appearance (Fig. 15-45). A hypoechoic mass with marked 
posterior attenuation of the sound beam is seen as a 
result of the homogeneous fibrous tissue in these 
tumors.297 The main differential diagnosis is a Brenner 
tumor or pedunculated uterine fibroid. Not all fibromas 
and thecomas show this characteristic appearance, and a 
variety of sonographic appearances have been noted, 
probably because edema and cystic degeneration tend to 
occur within these tumors.298
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FIGURE 15-45. Ovarian fibroma. A, Transvaginal scan shows hypoechoic solid mass (F) with some posterior attenuation. 
B, Pathologic specimen shows homogeneous, solid nature of fibroma.
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FIGURE 15-46. Ovarian metastases from carcinoma of the colon in two patients. A, Bilateral solid ovarian masses 
(M) or Krukenberg tumors in young woman; U, uterus. B, Complex, predominantly cystic mass with septations and nodules mimicking 
a primary ovarian cystadenocarcinoma in postmenopausal woman.
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predominantly cystic masses that are often indistinguish-
able from other adnexal masses. However, transvaginal 
sonography recognizes the fluid-filled tube by its tubular 
shape, somewhat folded configuration, and well-defined 
echogenic walls.304 The dilated tube can be distinguished 
from a fluid-filled bowel loop by the lack of peristalsis. 
Low-level internal echoes may be seen within the fluid-
filled tube as a result of pus (pyosalpinx), and a fluid-pus 
level may occasionally be seen. Anechoic fluid within the 
tube indicates hydrosalpinx. A thickened tubal wall 
(≥5 mm) is indicative of acute disease.305,306 In assessing 
14 acute and 60 chronic cases of PID, Timor-Tritsch et 
al.306 described three appearances of tubal wall structure: 
(1) cogwheel sign, an anechoic “cogwheel-shaped” 
structure visible in the cross section of the tube with 
thick walls, seen mainly in acute disease; (2) “beads on 
a string” sign, hyper echoic mural nodules measuring 
2 to 3 mm on cross section of the fluid-filled distended 
tube, caused by degenerated and flattened endosalpin-
geal fold remnants and seen only in chronic disease;  
and (3) incomplete septa, hyperechoic septa that origi-
nate as a triangular protrusion from one of the walls,  
but do not reach the opposite wall, seen frequently in 
both acute and chronic disease and not discriminatory. 
Patel et al.307 found that the presence of a tubular fluid-
filled mass with diametrically opposed indentations in 
the wall (“waist sign”) had the highest likelihood 
ratio in discriminating hydrosalpinx from other adnexal 
masses.307

As the infection worsens, periovarian adhesions  
may form, with fusion of the inflamed dilated tube and 
ovary, which is called the tubo-ovarian complex (Fig. 
15-48, B). The ovary is still recognizable but cannot be 
separated from the tube by pushing with the vaginal 
transducer.306 Further progression leads to complete 
breakdown, and a separate tube and ovary are no longer 
identified, resulting in a tubo-ovarian abscess. Sono-

more heterogeneous, most being multicystic with irregu-
lar borders. Ascites may be seen in either primary or 
metastatic tumors. Lymphoma may involve the ovary, 
usually in a diffuse, disseminated form that is frequently 
bilateral. The sonographic appearance is that of a solid 
hypoechoic mass similar to lymphoma elsewhere in  
the body.

FALLOPIAN TUBE

The normal fallopian tube is difficult to identify by 
transabdominal or transvaginal sonography unless it is 
dilated or surrounded by fluid. The normal fallopian 
tube is an undulating echogenic structure approximately 
8 to 10 mm in width, running posterolaterally from the 
uterus to lie within the posterior cul-de-sac near the 
ovary. The lumen is not seen unless it is fluid filled.302 
Developmental abnormalities of the fallopian tube are 
rare. Abnormalities of the tube include pregnancy, infec-
tion, and neoplasm.

Pelvic Inflammatory Disease

Pelvic inflammatory disease is a common condition that 
is increasing in frequency. PID is usually caused by sexu-
ally transmitted diseases (STDs), most often associated 
with gonorrhea and chlamydia. The infection typically 
spreads by ascent from the cervix and endometrium. Less 
common causes include direct extension from appendi-
ceal, diverticular, or postsurgical abscesses that have rup-
tured into the pelvis, as well as puerperal and postabortion 
complications. Hematogenous spread is rare but can 
occur from tuberculosis. PID is usually bilateral, except 
when caused by direct extension of an adjacent inflam-
matory process, when it is most often unilateral. The 
presence of an IUCD increases the risk of PID. Long-
term sequelae include chronic pelvic pain, infertility, and 
increased risk of ectopic pregnancy.

Sexually transmitted PID spreads along the mucosa of 
the pelvic organs, initially infecting the cervix and uterine 
endometrium (endometritis), the fallopian tubes (acute 
salpingitis), and finally the region of both ovaries and 
the peritoneum. A pyosalpinx develops as a result of 
occlusion of the tube. The patients usually present clini-
cally with pain, fever, pelvic tenderness, and vaginal dis-
charge. A pelvic mass may be palpated.

The sonographic findings may be normal early in the 
course of PID.303 As the disease progresses or becomes 
chronic, a spectrum of findings may occur (Figs. 15-47 
and 15-48). Endometrial thickening or fluid may indi-
cate endometritis. Pus may be demonstrated in the cul-
de-sac and contains echogenic particles, which distinguish 
pus from serous fluid in this region. Enlarged ovaries 
with multiple cysts and indistinct margins may be seen 
as a result of periovarian inflammation.303 On transab-
dominal sonography, dilated tubes appear as complex, 

PELVIC INFLAMMATORY DISEASE: 
SONOGRAPHIC FINDINGS

Endometritis
Endometrial thickening or fluid

Pus in cul-de-sac
Particulate fluid

Periovarian inflammation
Enlarged ovaries with multiple cysts and indistinct 

margins
Pyosalpinx or hydrosalpinx

Fluid-filled fallopian tube with or without internal 
echoes

Tubo-ovarian complex
Fusion of inflamed dilated tube and ovary

Tubo-ovarian abscess
Complex multiloculated mass with variable 

septations, irregular margins, and scattered 
internal echoes
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response to antibiotic therapy. Tubo-ovarian abscesses 
may be treated by sonographically guided transvaginal 
aspiration and drainage.

In chronic PID, extensive fibrosis and adhesions may 
obscure the margins of the pelvic organs, which blend 
into a large, poorly defined mass. Isolated torsion of the 
fallopian tube is uncommon, but it occurs in association 
with chronic hydrosalpinx.309 The patient presents with 
abrupt onset of severe pelvic pain. Hydrosalpinx and 
tubal torsion have also been reported as late complica-
tions in patients undergoing tubal ligation.310

Carcinoma

Carcinoma of the fallopian tube is the least common 
(0.3%) of all gynecologic malignancies, with adenocar-
cinoma being the most common histologic type. It 
occurs most frequently in postmenopausal women in 

graphically, this appears as a complex multiloculated 
mass with variable septations, irregular margins, and 
scattered internal echoes. There is usually posterior 
acoustic enhancement, and a fluid-debris level or gas 
may occasionally be seen within the mass. The sono-
graphic appearance may be indistinguishable from other 
benign and malignant adnexal masses, and clinical cor-
relation is necessary for suggesting the correct diagnosis. 
Because the ovaries are relatively resistant to infection, 
areas of recognizable ovarian tissue may be seen within 
the inflammatory mass by transvaginal sonography.154

Both transabdominal and transvaginal sonography are 
useful in assessing patients with PID. The transabdomi-
nal approach is helpful in assessing the extent of the 
disease, whereas the transvaginal approach is sensitive  
to detecting dilated tubes, periovarian inflammatory 
change, and the internal characteristics of tubo-ovarian 
abscesses.303,308 Sonography is also useful in following the 
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FIGURE 15-47. Hydrosalpinx in three patients. 
Transvaginal images show tubular fluid-filled structures of varying 
size. A, Incomplete septation related to the folding of the tube. 
B, Low-level echoes within the tube. C, Surface nodularity.
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Generally, uterine masses are mainly solid, as opposed 
to ovarian masses, which are mainly cystic. If the mass 
can be shown to arise from the uterus, it is usually a 
benign leiomyoma. Leiomyomas are common causes of 
solid adnexal masses, in which case showing their origin 
from the uterus is diagnostic. Occasionally, it may be 
impossible to determine the exact origin of the mass by 
sonography, and MRI may be helpful.

The vast majority of ovarian masses are functional in 
nature. Ovarian masses that are purely cystic and have 
well-defined borders are almost always benign. The size 
of the mass is important. In premenopausal women, 
simple cysts or typical hemorrhagic cysts less than 3 cm 
can be considered functional, and no follow-up is 
required. Simple cysts greater than 3 cm are also likely 
functional, but resolution should be confirmed with a 
follow-up examination. In postmenopausal women, cysts 
less than 5 cm are usually benign. Larger masses, espe-
cially those greater than 10 cm, have a higher incidence 
of malignancy. Solid ovarian masses are usually malig-
nant, except for teratomas, fibromas, and transitional  
cell (Brenner) tumors, which frequently have a specific 
sonographic appearance. Complex masses may be either 
benign or malignant and should be further assessed for 
wall contour, septations, and mural nodules. Irregular 
borders, thick irregular septations, papillary projections, 
and echogenic solid nodules favor malignancy. Color and 
spectral Doppler ultrasound may demonstrate vascularity 
within the septae or nodules. High-resistance flow 
strongly suggests benign disease, whereas low-resistance 
flow suggests malignancy, although it can also be seen 
with benign disease. Although ascites may be associated 
with benign masses, it is much more frequently seen with 
malignant disease. Malignant ascites often contains echo-
genic particulate matter.

their sixth decade, who present clinically with pain, 
vaginal bleeding, and a pelvic mass. A minority of 
patients will have a profuse watery discharge, known as 
hydrops tubae profluens. The tumor usually involves 
the distal end, but it may involve the entire length of the 
tube. The clinical and sonographic findings are quite 
similar to those of ovarian carcinoma. Sonographically, 
carcinoma of the fallopian tube has been described as a 
sausage-shaped, solid, or cystic mass with papillary pro-
jections.311-314 Patlas et al.315 stated that this diagnosis 
should be considered when a solid vascular mass corre-
sponding to the expected location of the fallopian tube 
is seen in association with normal ovaries, especially if 
the mass is mobile.315

SONOGRAPHIC EVALUATION  
OF A PELVIC MASS  
IN ADULT WOMEN

Sonography is often used to evaluate a pelvic mass (Table 
15-3). Clinical features such as patient age, symptoms, 
menstrual status, and family history should also be con-
sidered when evaluating the mass. Comparison with 
previous examinations, if available, should be done to 
determine if the mass was previously present and if there 
has been any change in size or internal characteristics.

When a mass is found on sonography, it should be 
characterized by the following:
• Location (uterine or extrauterine)
• Size
• External contour (well-defined, poorly defined, or 

irregular borders)
• Internal consistency (cystic, complex predominantly 

cystic, complex predominantly solid, or solid)
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FIGURE 15-48. Pelvic inflammatory disease in two patients. A, Transvaginal image shows a very large ovary surrounded 
by a rim of highly echogenic and inflamed fat (arrows). There are complex fluid collections within the ovary. There is no normal archi-
tecture. B, The tube (T) is distended and elongated and filled with debris representing pus. The ovary (O) is similarly filled with pus, 
with indistinct borders, showing a tubo-ovarian complex.



596    PART II  ■  Abdominal, Pelvic, and Thoracic Sonography

Pelvic lymphoceles occur after surgical disruption of 
lymphatic channels, usually after pelvic lymph node dis-
section or renal transplantation. Sonographically, lym-
phoceles are cystic, having an appearance similar to that 
of urinomas, which are localized collections of urine, or 
seromas, which are collections of serum. Sonography-
guided aspiration may be necessary to differentiate these 
conditions.

Gastrointestinal Tract Masses

The most frequent pelvic pseudomasses are fecal material 
in the rectum simulating a complex mass in the cul-de-
sac and a fluid-filled rectosigmoid colon presenting as  
a cystic adnexal mass. Transvaginal sonography can 
usually distinguish the pseudomass from a true mass, but 
when it cannot, a repeat examination or MRI may be 
necessary. Bowel neoplasms, especially those involving 
the rectosigmoid, cecum, and ileum, may simulate an 
adnexal mass. These tumors frequently show the charac-

If a pelvic mass is suspected of being malignant, the 
abdomen should also be evaluated for evidence of ascites 
and peritoneal implants, obstructive uropathy, lymph-
adenopathy, and hepatic and splenic metastases. Hepatic 
and splenic metastases are uncommon in ovarian carci-
noma, but when they occur, they are usually peripheral 
on the surface of the liver or spleen as a result of perito-
neal implantation. Hematogenous metastases within the 
liver or splenic parenchyma may occur late in the course 
of the disease.

NONGYNECOLOGIC  
PELVIC MASSES

Pelvic masses and pseudomasses may not be of gyneco-
logic origin. To make this diagnosis, it is important to 
visualize the uterus and ovaries separately from the mass 
(Fig. 15-49). This is frequently not possible because of 
displacement of the normal pelvic structures by the mass. 
Nongynecologic pelvic masses most frequently originate 
from the gastrointestinal or urinary tract or may develop 
after surgery.

Postoperative Pelvic Masses

Postoperative masses may be abscesses, hematomas,  
lymphoceles, urinomas, or seromas. Sonographically, 
abscesses are ovoid-shaped, anechoic masses with thick, 
irregular walls and posterior acoustic enhancement.  
Variable internal echogenicity may be seen, and high-
intensity echoes with shadowing caused by gas may be 
demonstrated. Hematomas show a spectrum of sono-
graphic findings, varying with time.316 During the initial 
acute phase, hematomas are anechoic. After organization 
and clot formation, they become highly echogenic. With 
lysis of the clot, hematomas become more complex, until 
finally, with complete lysis, they are again anechoic. It is 
frequently not possible to distinguish an abscess from a 
hematoma sonographically, and clinical correlation is 
usually necessary.

U

M

FIGURE 15-49. Extramedullary hematopoiesis. 
Transverse scan in 44-year-old asymptomatic woman with thalas-
semia shows anechoic mass (M) to left and separate from uterus 
(U) and both ovaries, which contain cysts (arrows). Diagnosis was 
made by percutaneous biopsy under CT guidance.

TABLE 15-3. OVARIAN MASSES: SONOGRAPHIC FEATURES SUGGESTIVE OF DISEASE

SONOGRAPHIC CHARACTERISTIC SUGGESTIVE OF BENIGN DISEASE SUGGESTIVE OF MALIGNANT DISEASE

Size Small (<5 cm) Large (>10 cm)
External contour Thin wall

Well-defined borders
Thick wall
Poorly defined or irregular borders

Internal consistency Purely cystic
Thin septations

Solid or complex
Thick or irregular septations
Echogenic solid nodules
Papillary projections

Doppler findings High-resistance or no flow
Avascular nodules

Low-resistance flow
Vascular nodules

Associated findings Ascites; peritoneal implants
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mass.321 Calcifications may be seen within the mass and 
strongly suggests retained placental tissue. The calcifica-
tion is caused by retained mature placenta or the chro-
nicity of the process.322 Endometrial thickness is variable, 
however, when the endometrial thickness is less than 
10 mm and there is no endometrial mass, either in the 
postabortion or postpartum state, the likelihood of clini-
cally significant retained products is low.318,323 Vascular-
ity within the mass or thickened endometrium suggests 
retained products (Fig. 15-50, A), whereas absent vascu-
larity favors blood clot. However, absent vascularity does 
not exclude retained products.

Ovarian Vein Thrombophlebitis

Puerperal ovarian vein thrombosis or thrombophlebitis 
is an uncommon but potentially life-threatening condi-
tion (Fig. 15-51). Patients present with fever, lower 
abdominal pain, and a palpable mass, usually 48 to 96 
hours postpartum. The underlying cause is venous stasis 
and spread of bacterial infection from endometritis. The 
right ovarian vein is involved in 90% of cases. Retrograde 
venous flow occurs in the left ovarian vein during the 
puerperium, which protects this side from bacterial 
spread from the uterus.40 This condition may be diag-
nosed by sonography, CT, or MRI.324,325 Sonography 
may demonstrate an inflammatory mass lateral to the 
uterus and anterior to the psoas muscle. The ovarian vein 
may be seen as a tubular, anechoic structure directed 
cephalad from the mass and containing echogenic throm-
bus. The thrombus usually affects the most cephalic 
portion of the right ovarian vein and can be demon-
strated sonographically at the junction of the right ovarian 
vein with the inferior vena cava, sometimes extending 
into the inferior vena cava.326 Thrombus in the inferior 
vena cava may also be seen. Doppler ultrasound may 
demonstrate absence of flow in these veins.327 Most 
patients respond to anticoagulant and antibiotic therapy, 
and follow-up sonography may show resolution of the 
thrombus and normal flow on duplex Doppler imaging.

Cesarean Section Complications

A lower uterine transverse incision site is typically used 
for cesarean section. On sonographic examination, the 
incision site can be identified as an oval, symmetrical 
region of hypoechogenicity relative to the myometrium, 
located between the posterior wall of the bladder and the 
lower uterine segment.328 Sutures within the incision site 
may be recognized as small, punctate, high-amplitude 
echoes (Fig. 15-52).

Hematomas may develop from hemorrhage at the 
incision site (bladder flap hematomas) or within the 
prevesical space (subfascial hematomas). Bladder flap 
hematomas can be diagnosed sonographically when 
a complex or anechoic mass greater than 2 cm in diam-
eter is located adjacent to the scar and between the  

teristic target sign of a gastrointestinal mass, consisting 
of a central echogenic focus caused by air within the 
lumen, surrounded by a thickened hypoechoic wall.317 
Abscesses related to inflammatory disease of the gastro-
intestinal tract may also present as an adnexal mass. On 
the right side, this is most frequently caused by appen-
dicitis or Crohn’s disease, whereas abscesses on the left 
side are usually caused by diverticular disease and are 
seen in an older age group.

Urinary Tract Masses

Patients with a pelvic kidney may present with a clini-
cally palpable mass. This is readily recognized sono-
graphically by the typical reniform appearance and the 
absence of a kidney in the normal location. Occasionally, 
a greatly distended bladder may be mistaken for an 
ovarian cyst. When a cystic pelvic mass is identified, it 
is imperative that the bladder be seen separately from the 
mass. Bladder diverticula may also simulate a cystic 
adnexal mass. The diagnosis can be confirmed by dem-
onstrating communication with the bladder and a chang-
ing appearance after voiding. Dilated distal ureters may 
simulate adnexal cysts on transverse scans; however, sag-
ittal scans show their tubular appearance and continuity 
with the bladder.

POSTPARTUM PELVIC 
PATHOLOGIC CONDITIONS

The uterus is enlarged during the postpartum period and 
gradually returns to a nongravid size within 6 to 8 weeks. 
The endometrium returns to its nongravid state by 3 to 
6 weeks.318 Small amounts of fluid and echogenic mate-
rial (likely blood) can be seen normally within the endo-
metrial canal.319,320 Gas can also be seen normally for up 
to 3 weeks after uncomplicated vaginal delivery.140 
Pathologic states in the postpartum period are usually 
the result of infection and hemorrhage. Specific patho-
logic conditions occurring in the postpartum period 
include endometritis, retained products of conception, 
and ovarian vein thrombophlebitis. Endometritis is 
more frequent after cesarean than vaginal delivery. It 
usually occurs in patients who have had prolonged labor 
or premature rupture of membranes or who have retained 
products of conception. The most common source of 
organisms is the normal vaginal flora. Clinically, there is 
pelvic pain or unexplained fever.

Retained Products of Conception

Retained products of conception after an abortion or 
delivery may cause secondary hemorrhage or may serve 
as a nidus for infection. Sonographically, an echogenic 
mass in the endometrial cavity suggests this diagnosis 
(Fig. 15-50), although blood clot may also present as a 
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GESTATIONAL TROPHOBLASTIC 
NEOPLASIA

Gestational trophoblastic neoplasia (GTN) represents a 
spectrum of conditions, including hydatidiform molar 
pregnancy, invasive mole, choriocarcinoma, and placen-
tal-site trophoblastic tumor. The latter three conditions 
are referred to as persistent trophoblastic neoplasia 
(PTN). All these conditions show abnormal trophoblas-
tic proliferation histologically.

Hydatidiform Molar Pregnancy

Hydatidiform molar pregnancy is the most common and 
benign form of GTN, with an incidence of 1 in 1000 
pregnancies in North America.332 The incidence is much 
higher in the Asian population. There is an increased risk 
in teenagers, in women over 35 years of age, and in 

lower uterine segment and the posterior bladder wall 
(Fig. 15-53). The echogenicity varies depending on the 
amount of organization within the hematoma.316 The 
presence of air within the mass is highly suggestive of an 
infected hematoma.329 Subfascial hematomas are extra-
peritoneal in location, contained within the prevesical 
space, and caused by disruption of the inferior epigastric 
vessels or their branches during cesarean section330 or 
traumatic vaginal delivery.331 Sonographically, a complex 
or cystic mass is seen anterior to the bladder. High-fre-
quency, short-focus transducers are often necessary to 
recognize the superficial mass. It is important to identify 
the rectus muscle in order to distinguish the superficial 
wound hematoma, which is located anterior to the 
rectus muscle, from the subfascial hematoma, located 
posterior to it.330 Bladder flap and subfascial hematomas 
may be seen together in the same patient; however, they 
have different sources of bleeding and should be treated 
as separate conditions.

A B
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FIGURE 15-50. Retained products of conception: 
varying appearances. A, Color Doppler ultrasound sagittal 
transvaginal scan in a postabortion patient shows thickening of 
the endometrium with a focal area of increased vascularity. B, 
Sagittal transvaginal scan in a second patient shows a well-defined 
central echogenic mass representing a partial retained placenta.  
C, Sagittal transvaginal scan in a third patient shows retained 
placental tissue containing calcification in the fundus, extending 
into the myometrium—retained placenta increta.
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early diagnosis, and few women show the classic features 
of hyperemesis and preeclampsia.335

Serum hCG levels in molar pregnancy are abnormally 
elevated, usually greater than 100,000 mIU/mL. Theca 
lutein cysts of the ovaries occur in approximately 15% 
to 30% of cases and reflect the abnormally high hCG 
levels.

Molar pregnancy is treated by uterine evacuation, 
which is adequate in most patients. Approximately 80% 
of complete moles and 95% of partial moles will subse-
quently follow a benign course.334,336 However, accurate 
diagnosis and classification of molar pregnancy are 
important because of the risk of PTN. For this reason, 
all patients with molar pregnancy are monitored with 
weekly serum hCG determinations and are counseled to 
avoid pregnancy for at least 1 year.

women with a previous molar pregnancy. The risk also 
increases with the number of previous spontaneous abor-
tions.333 Molar pregnancy is characterized histologically 
by cystic (hydatidiform) degeneration of chorionic villi, 
with absent or inadequate vascularization and abnormal 
trophoblastic proliferation.

The most frequent presenting symptom is vaginal 
bleeding, which occurs in more than 90% of cases. 
Passage of vesicles (hydropic villi) through the vagina 
occurs frequently and is considered specific for the diag-
nosis of molar pregnancy.334 The uterus may be enlarged 
for dates, and there may also be rapid uterine enlarge-
ment. Medical complications include pregnancy-induced 
hypertension, hyperemesis gravidarum, preeclampsia, 
and hyperthyroidism. The routine use of ultrasound for 
any woman with bleeding in pregnancy now allows for 
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FIGURE 15-51. Ovarian vein thrombophlebitis. A, Transverse scan in patient with fever and right lower abdominal pain 4 
days after cesarean section shows mass (M) to right of postpartum uterus (U). B, Sagittal scan of abdomen shows echogenic thrombus in 
distended right ovarian vein (OV). Thrombus (arrows) is seen extending into inferior vena cava (IVC).

FIGURE 15-52. Cesarean section sutures. Transverse 
transvaginal image shows multiple bright, echogenic foci in the 
surgical site.

H
U

FIGURE 15-53. Bladder-flap hematoma. Sagittal scan 
in patient with fever and lower abdominal pain 8 days after cesar-
ean section shows hematoma (H) between bladder and cesarean 
section scar (arrow); U, uterus.



600    PART II  ■  Abdominal, Pelvic, and Thoracic Sonography

with most cases diagnosed clinically as an incomplete 
abortion.334,336

The sonographic features of partial molar pregnancy 
are less frequently described and overlap with other con-
ditions, such as an anembryonic pregnancy or an incom-
plete abortion.335 In partial molar pregnancy, the placenta 
is excessive in size and contains numerous cystic spaces 
distributed in a nonuniform manner (Fig. 15-55). Fine 
et al.341 found that a ratio of transverse to anteroposterior 
dimension of the gestational sac of greater than 1.5, as 
well as cystic changes, irregularity, or increased echo-
genicity in the decidual reaction/placenta or myome-
trium, was significantly associated with this diagnosis. A 

Hydatidiform molar pregnancy is classified as either 
complete molar pregnancy or partial molar pregnancy 
on the basis of cytogenetic and pathologic features.

Complete Molar Pregnancy

Complete molar pregnancy is characterized by a diploid 
karyotype of 46,XX in approximately 80% to 90% of 
cases, with the chromosomal DNA being exclusively 
paternal in origin.337 This occurs when an ovum with 
absent or inactive maternal chromosomes is fertilized by 
a normal haploid sperm. Occasionally, fertilization of an 
empty ovum by two haploid sperm results in a 46,XY 
pattern.333 As the embryo dies at an early stage, no fetal 
parts are seen.337 The placenta is entirely replaced by 
abnormal, hydropic chorionic villi with excessive tro-
phoblastic proliferation.

The classic sonographic features of complete molar 
pregnancy include an enlarged uterus with a central  
heterogeneous echogenic mass that expands the endome-
trial canal. The mass contains multiple cystic spaces of 
varying size, representing the hydropic villi (Fig. 15-54). 
These cystic spaces may vary in size from a few millime-
ters to 2 to 3 cm. In the second trimester, transabdomi-
nal sonographic diagnosis is highly accurate. In the first 
trimester, however, molar tissue may appear as a pre-
dominantly solid, echogenic mass on transabdominal 
sonography because tiny hydropic villi may not be ade-
quately resolved. With its better resolution, transvaginal 
sonography may depict the hydropic villi earlier and to 
better advantage. In complete moles, a fetus is absent 
except in the rare event of a coexistent twin pregnancy; 
in such cases, sonography is accurate in establishing the 
diagnosis.

The ovaries may be greatly enlarged in complete 
molar pregnancy by multiple, bilateral theca lutein cysts. 
These are large, usually multilocular, and may undergo 
hemorrhage or torsion and can be a source of pelvic pain. 
Theca lutein cysts are most marked when trophoblastic 
proliferation is severe. They are seen much less often in 
the first trimester.338,339

Partial Molar Pregnancy

Partial molar pregnancy has a triploid karyotype of 
69,XXX, 69,XXY, or 69,XYY. Most partial moles have 
one set of maternal chromosomes and two sets of pater-
nal chromosomes, resulting from fertilization of a normal 
ovum by two haploid sperm. Triploidy of maternal 
origin is not associated with GTN.340 Pathologically, 
partial molar pregnancy has well-developed but generally 
anomalous (triploid) fetal tissues. Hydropic degenera-
tion of placental villi is focal, interspersed with normal 
placental villi. Trophoblastic proliferation is mild. Symp-
toms and signs are less frequent and less severe because 
of the mild trophoblastic proliferation. The diagnosis of 
partial molar pregnancy is rarely made prospectively, 

FIGURE 15-54. Complete molar pregnancy: classic 
appearance. Transabdominal scan shows a vesicular echogenic 
mass distending the endometrium. The mass is filled with innu-
merable uniformly distributed cystic spaces that corresponded to 
hydropic chorionic villi at pathology.

FIGURE 15-55. Partial molar pregnancy at 8 
weeks’ gestation. Transvaginal scan shows a gravid uterus 
with a yolk sac and live 8-week embryo (arrow). On the right is 
a large placenta with multiple small cystic spaces consistent with 
hydropic villi. Pathology confirmed partial mole.
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developing PTN.344 However, a larger study of 77 cases 
showed that the risk of PTN was similar to that after a 
singleton complete mole and was not increased by con-
tinuing the pregnancy.345 The 53 women who decided 
to continue the pregnancy had an increased risk of preg-
nancy complications, but 20 (38%) delivered a live baby, 
usually after 32 weeks.

Persistent Trophoblastic Neoplasia

Persistent trophoblastic neoplasia is a life-threatening 
complication of pregnancy that includes invasive mole, 
choriocarcinoma, and the extremely rare placental-site 
trophoblastic tumor. PTN occurs most often after molar 
pregnancy; up to 20% of complete moles develop  
persistent disease requiring additional therapy.332,334 
Complete moles with severe degrees of trophoblastic 
proliferation are at the highest risk, with persistent 
disease developing in 50% or more of these patients.336 
The risk is also increased in patients over 40 years of age 
and in women who have had multiple molar pregnan-
cies.337 The risk of persistent disease after partial molar 
pregnancy is much lower, occurring in approximately 
5% of cases.334,337 Less often, PTN develops after a 
normal term delivery, spontaneous abortion, or rarely an 
ectopic pregnancy.332

Invasive Mole

Invasive mole is the most common form of PTN, 
accounting for 80% to 95% of cases.346 Patients usually 
present with vaginal bleeding and persistent elevation of 
serum hCG within 1 to 3 months after molar evacua-
tion.347 Histologically, invasive mole is characterized by 
the presence of formed chorionic villi and trophoblastic 
proliferation deep in the myometrium (Fig. 15-57). It is 

growth-impaired fetus is present and may show multiple 
anomalies.

Placental hydropic degeneration (unrelated to tro-
phoblastic neoplasia) may also show similar sonographic 
features. Hydropic degeneration occurs frequently in 
first-trimester abortion of any cause. The associated 
cystic spaces may be difficult or impossible to differenti-
ate from an early mole. Therefore, in cases with equivo-
cal ultrasound features, the products of conception 
should be carefully evaluated to avoid missing a hyda-
tidiform mole.

Recent studies have shown that sonography is much 
more accurate in diagnosing complete molar preg-
nancy than partial molar pregnancy. Kirk et al.342 
evaluated sonography in the first trimester and found an 
accuracy of 95% for the diagnosis of complete mole and 
20% for partial mole, with an overall accuracy for hyda-
tidiform mole of 44%. In 859 pathologically diagnosed 
hydatidiform moles, Fowler et al.343 found that sonogra-
phy performed in the first and early second trimester had 
a similar 44% overall accuracy and an accuracy of 79% 
and 29% for complete and partial moles, respectively. 
Also, the sonographic detection rate improved after 14 
weeks’ gestation.

Coexistent Hydatidiform Mole and 
Normal Fetus

Twin pregnancies with an apparently normal fetus and 
a hydatidiform mole are uncommon, with an estimated 
incidence of 1 in 20,000 to 100,000 pregnancies.344,345 
It is differentiated from a partial molar pregnancy by 
identifying a normal-appearing fetus with a correspond-
ing normal placenta adjacent to a mass of placental tissue 
that demonstrates molar changes (Fig. 15-56). Initial 
studies suggested that these patients were at high risk for 
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FIGURE 15-56. Complete mole with a coexistent fetus at 16 weeks’ gestation. A and B, Large echogenic mass 
with innumerable tiny cystic spaces, the classic morphology for a complete mole (M), with a normal fetus (F) and a normal anterior 
placenta (P).
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women may present with amenorrhea. Histologically, 
PSTT is distinct from other forms of trophoblastic neo-
plasia. It arises from nonvillous, “intermediate” tropho-
blast that infiltrates the decidua, spiral arteries, and 
myometrium at the placental bed. PSTT may be con-
fined to the uterus, may be locally invasive in the pelvis, 
or may metastasize to the lungs, lymph nodes, perito-
neum, liver, pancreas, or brain. Serum hCG is not a 
reliable marker for PSTT; it is usually negative or only 
mildly elevated. Histochemical staining of intermediate 
trophoblast for hCG is weak or absent, whereas staining 
for human placental lactogen (hPL) is strongly positive. 
Unfortunately, serum hPL is not a reliable predictor of 
tumor behavior.350 Surgical therapy is recommended 
because these lesions tend to resist chemotherapy and 
have a high risk of metastasis.

Sonographic Features of PTN

Sonography plays an important role in detecting and 
staging PTN and in monitoring response to therapy. The 
sonographic features of PTN are less familiar than those 
of primary molar pregnancy. Whereas transvaginal 
sonography is frequently unnecessary for the diagnosis of 
primary molar pregnancy, it is essential for the diagnosis 
of PTN. The small, myometrial lesions typical of this 
condition may not be apparent on transabdominal scan-
ning.351 Invasive mole, choriocarcinoma, and PSTT may 
appear similar sonographically.352,353 The most frequently 
described sonographic abnormality in PTN is a focal, 
echogenic myometrial nodule349,351-353 (Fig. 15-58). 
The lesion usually lies close to the endometrial canal, but 
it may be found deep in the myometrium. Lesions may 
appear solid and uniformly echogenic, hypoechoic, or 
complex and multicystic, similar to molar tissue. Thick-
walled, irregular anechoic areas may be seen, resulting 

considered biologically benign and is usually confined to 
the uterus; rarely, molar tissue can penetrate the whole 
thickness of the myometrium, leading to uterine perfora-
tion, which may cause severe hemorrhage.348 Lesions can 
invade beyond the uterus to parametrial tissues, adjacent 
organs, and blood vessels. Rarely, invasive molar villi may 
embolize to distant sites, including the lungs and brain.

Choriocarcinoma

Choriocarcinoma is an extremely rare malignancy with 
an incidence of 1 in 30,000 pregnancies. As with other 
forms of PTN, the most important risk factor for  
choriocarcinoma is molar pregnancy. Molar gestations 
precede 50% to 80% of cases, and 1 in 40 molar preg-
nancies gives rise to choriocarcinoma. Choriocarcinoma 
is a purely cellular lesion characterized histologically by 
the invasion of the myometrium by abnormal, proli-
ferating trophoblast and the absence of formed villi. 
Hemorrhage and necrosis are prominent features.333 
Early vascular invasion is common, resulting in distant 
metastases, most frequently affecting the lungs, followed 
by the liver, brain, gastrointestinal tract, and kidney. 
Respiratory compromise may be the initial presenta-
tion.349 Venous invasion and retrograde metastases to the 
vagina and pelvic structures are also common.349

Placental-Site Trophoblastic Tumor

Placental-site trophoblastic tumor (PSTT) is the rarest 
and most fatal form of PTN.350 As with choriocarci-
noma and invasive mole, PSTT can follow any type of 
gestation, but in more than 90% of cases it develops after 
a normal term delivery.348 The tumor may occur from 
as early as 1 week to many years after pregnancy. Vaginal 
bleeding is the most common symptom, although some 

A B

FIGURE 15-57. Invasive mole 6 weeks after evacuation of complete mole. A, Transverse, and B, sagittal, transab-
dominal scans show large mass filled with multiple cystic spaces extending deep into the myometrium on the right side.
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tually, no residual abnormality is apparent in many cases. 
However, up to 50% of patients will have persistent 
abnormalities after therapy that may be difficult to dis-
tinguish from active lesions sonographically.

Duplex and color Doppler ultrasound features of 
PTN reflect the marked hypervascularity of invasive tro-
phoblast.354,355 Uterine spiral arteries feed directly into 
prominent vascular spaces, which then communicate 
with draining veins. These functional arteriovenous 
shunts produce abnormal uterine hypervascularity and 
high-velocity, low-impedance blood flow on duplex 
interrogation.354 Trophoblastic blood flow has charac-
teristic, high PSV and low RI. PSV is usually greater than 

from tissue necrosis and hemorrhage351-353 (Fig. 15-59). 
In other cases, anechoic areas within lesions represent 
vascular spaces. When tumor replaces the entire myome-
trium, the uterus is enlarged, with the myometrium 
appearing heterogeneous and lobulated. The tumor may 
extend beyond the uterus to the parametrium, pelvic side 
wall, and adjacent organs. In extreme cases, PTN appears 
as a large, undifferentiated pelvic mass (Fig. 15-60). 
Sonography can be diagnostic in the correct setting (e.g., 
recent molar pregnancy, rising serum hCG, previously 
documented normal sonogram).

After effective therapy, sonographic lesions become 
progressively more hypoechoic and smaller in size. Even-

A B

FIGURE 15-59. Cystic spaces representing vessels and hemorrhage in PTN. A, Sagittal sonogram shows a mildly 
enlarged uterus with a complex anterior myometrial mass and blood in the endometrial cavity. B, Color Doppler ultrasound shows a 
florid-color mosaic pattern in the anterior myometrial tumor and blood in the endometrial cavity. (Courtesy of Drs. Margaret Fraser-Hill, 
Peter Burns and Stephanie Wilson.)

A B

FIGURE 15-58. Focal echogenic myometrial nodule of persistent trophoblastic neoplasia (PTN). A, Transverse 
transvaginal sonogram shows central focal uterine echogenicity that could be mistaken for a thick endometrium. B, Sagittal image shows 
that the echogenic area lies within the myometrium posterior to a normal endometrial canal. (Courtesy Drs. Margaret Fraser-Hill, Peter 
Burns, and Stephanie Wilson.)
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However, when PTN is not suspected clinically, duplex 
and color Doppler sonography may provide the first 
indication of trophoblastic disease by showing marked 
hypervascularity and typical trophoblastic blood flow 
within lesions. Doppler ultrasound also improves diag-
nostic specificity by showing normal uterine waveforms 
when PTN is absent and sonography is abnormal, as 
when other uterine lesions mimic the appearance of 
PTN, or persistent nonspecific abnormalities remain 
after effective therapy.355

Diagnosis and Treatment

Because PTN arises most often after a molar pregnancy, 
the diagnosis is usually based on abnormal regression of 
hCG after uterine evacuation. A histologic diagnosis is 
not considered mandatory because curettage risks uterine 
perforation and does not significantly alter management 
or outcome.349,358 Patients are treated on the basis of clini-
cal staging that includes CT of the brain, chest, abdomen, 
and pelvis. Again, although the diagnosis of PTN is 
usually straightforward, PTN may go unrecognized in 
some patients, as when inadequate pathologic examina-
tion fails to detect hydatidiform mole in a first-trimester 
abortion. PTN developing in such cases or after nonmolar 
gestations will be mistaken for a failed pregnancy or 
retained products of conception. Recognition of PSTT is 
further complicated by negative or low hCG levels. In 
addition, patients with PTN may present with a confus-
ing variety of nongynecologic problems, including respi-
ratory compromise and cerebral, gastrointestinal, or 
urologic hemorrhage.346,349 In difficult cases, imaging may 
be the first study to suggest the diagnosis (Fig. 15-61).

50 cm/sec and is often over 100 cm/sec. RI is usually 
less than 0.5 and is often well below 0.4. In contrast, 
normal myometrial blood flow usually has a PSV of less 
than 50 cm/sec and an RI in the range of 0.7. Color 
Doppler sonographic features typical of PTN include 
extensive color aliasing, admixture of color signals, loss 
of discreteness of vessels, and chaotic vascular arrange-
ment. Regions of abnormal color Doppler ultrasound 
frequently appear larger than corresponding sonographic 
abnormalities.

Duplex and color Doppler ultrasound studies are non-
invasive and are reliable alternatives to conventional 
angiography for detecting and staging pelvic PTN.355,356 
Doppler is also helpful in detecting disease recurrence 
and following response to therapy.357 Abnormal vascu-
larity may be difficult or impossible to detect in primary 
molar pregnancy but is a major feature of PTN. Qualita-
tive assessments of vascularity on color Doppler ultra-
sound are not diagnostic of PTN. However, the marked 
color Doppler hypervascularity in PTN is seen in a few 
other conditions, such as the extremely rare uterine 
AVMs, a potential pitfall.72

Trophoblastic signals on spectral Doppler ultrasound 
are not unique to PTN. They are seen in all conditions 
with functioning trophoblast, including failed preg-
nancy, retained products of conception, and ectopic 
pregnancy. These potential pitfalls are distinguished 
from PTN by clinical findings, sonographic morphol-
ogy, and pathology. However, PSTT should remain a 
consideration even with a normal hCG level (see Fig. 
15-61). In most patients the diagnosis of PTN is fairly 
straightforward, and additional information provided  
by Doppler ultrasound is supportive but not critical. 

A B

FIGURE 15-60. Choriocarcinoma after normal pregnancy producing pelvic mass in PTN. A, Sagittal, and 
B, transverse, sonograms show a large, poorly defined, complex pelvic mass with both cystic and solid components. The uterus could not 
be identified. Doppler ultrasound (not shown) showed trophoblastic signals everywhere within this mass. Choriocarcinoma in PTN was 
not suspected clinically or on sonography until Doppler ultrasound was performed. (Courtesy Drs. Margaret Fraser-Hill, Peter Burns, and 
Stephanie Wilson.)
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Ultrasound-guided percutaneous biopsy and abscess 
drainage are invaluable diagnostic and therapeutic pro-
cedures for the management of patients. Growing expe-
rience with ultrasound and technical advances have 
significantly broadened the applications of ultrasound  
as a guidance method for interventional techniques.  
An approach to this topic requires knowledge of the 
current fundamental methods and applications of these 
procedures in general and in terms of specific anatomic 
locations.

PERCUTANEOUS NEEDLE BIOPSY

Because of its relatively low cost and wide availability, 
ultrasound-guided biopsy has become one of the most 
important methods of tissue diagnosis in radiology prac-
tices worldwide. Ultrasound-guided biopsy is a safe and 
accurate technique for confirmation of suspected malig-
nant masses and characterization of benign lesions in 
locations throughout the body.1,2 Secondarily, minimally 
invasive tissue confirmation decreases patient costs by 
obviating the need for a surgical diagnosis and decreasing 
duration of hospital stay and number of ancillary diag-
nostic tests. In addition, lack of ionizing radiation and 
real-time imaging during the procedure both make these 
procedures safer.

Indications and Contraindications

In most cases a biopsy is performed in the setting  
of possible malignancy, for either initial diagnosis of 
cancer or confirmation of metastatic disease. In many 
patients, biopsy is performed to gauge the presence of 
parenchymal disease in a native organ or rejection in a 
transplanted organ. Occasionally, biopsy is indicated 
simply to determine the nature of an incidentally discov-
ered mass.

Relative contraindications to percutaneous needle 
biopsy include uncorrectable coagulopathy, lack of a safe 
biopsy route, and an uncooperative patient. To assess for 
inherent coagulopathy, the most valuable information 
comes from the patient history,3 including bleeding ten-
dency or need for transfusion or a family history of 
bleeding diathesis. Patient medications should also be 
reviewed for recent use of blood-thinning agents such  
as warfarin, heparin, or adenosine diphosphate (ADP) 
inhibitors (e.g., clopidogrel), which are relative contra-
indications to biopsy. If this initial screening is unre-
markable, most superficial biopsies can be performed 
without additional laboratory testing. However, if the 
history suggests a bleeding disorder, prothrombin time 
(PT), activated partial thromboplastin time (aPTT), and 
platelet count should be obtained.4 The role of bleeding 
time measurement is of uncertain value in determining 
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optimal for lesions located superficially or at moderate 
depth in a thin to average-sized person, as well as for 
lesions within organs prone to respiratory motion (e.g., 
liver, kidney). In the latter scenario, the advantage of 
real-time ultrasound-guidance allows continuous visual-
ization of the target during the biopsy. Lesions located 
within or behind bone or gas-filled bowel cannot be 
visualized because of near-complete reflection of sound 
from the bone or air interface.

Theoretically, any mass that is well visualized with 
ultrasound is amenable to ultrasound-guided needle 
biopsy. In our practice, most liver and kidney biopsies 
are performed with ultrasound guidance, as are biopsies 
of the thyroid and parathyroid glands. Superficial lymph 
nodes are also particularly well suited to real-time ultra-
sound-guided biopsy. Occasionally, the pancreas (par-
ticularly pancreas transplants) and other sites in the 
abdomen and pelvis undergo biopsy with ultrasound 
guidance if lesion visualization is adequate.

Compared with CT, ultrasound-guided procedures 
require less time to perform and can be more cost- 
effective.12-14 Ultrasound-guided biopsy has been shown 
to be more accurate than CT, with a lower false-negative 
rate.13,15

Computed Tomography

Computed tomography is well established as an accurate 
guidance method for percutaneous biopsy of most 
regions in the body. It provides excellent spatial resolu-
tion of structures between the skin surface and targeted 
lesion, and it provides an accurate image of the needle 
tip. In addition, lesions located deep in the abdomen or 
within bone are better seen with CT than with ultra-
sound. In our practice, many pelvic, adrenal, pancreatic, 
retroperitoneal, and bone biopsies are performed with 
CT guidance because these structures are often best seen 
with this imaging method.

Historically, CT was limited by its lack of continuous 
visualization of the needle during insertion and biopsy. 
In the past decade, CT fluoroscopy has allowed real-
time visualization of needle positioning. This has reduced 
the time required for interventional procedures at the 
cost of increased radiation dosage.16

Needle Selection

A variety of needles with a spectrum of calibers (shaft 
diameter), lengths, and tip designs are commercially 
available for use in percutaneous biopsy. Needle caliber 
is based on outer diameter, with larger-caliber needles 
having a lower gauge number. Conceptually, needles can 
be grouped into small-caliber (20 gauge or smaller) or 
large-caliber (19 gauge or larger) sizes. Small-caliber 
needles are traditionally used to obtain cells for cytologic 
analysis by using a procedure commonly referred to as 
fine-needle aspiration (FNA). However, small pieces 

bleeding risk; in most cases, no good evidence supports 
the value of the bleeding time to predict bleeding.3,5

Mild coagulopathies may result from the use of aspirin 
and some antibiotics. In this setting, the procedure  
may be postponed and the drug discontinued until the 
medication effect resolves. Some coagulopathies can be 
corrected with the transfusion of appropriate blood 
products. Desmopressin (DDAVP) can be given to a 
uremic patient or a patient with a history of recent 
aspirin therapy to improve functioning platelet activity.6 
Postbiopsy embolization of the needle track has been 
reported to control hemorrhage in patients at high risk 
for bleeding and in whom the need for biopsy outweighs 
any risk.7,8

The second relative contraindication is the lack of a 
safe biopsy route. A biopsy path extending through 
large vessels such as the splenic or extrahepatic portal 
vein may increase the risk of hemorrhage. A biopsy path 
free of overlying stomach or bowel is also a preferable 
route, although such biopsies have been safely performed 
using smaller (21 gauge) needles.9 Biopsies performed 
through ascites have also proved to be safe.10,11

The third relative contraindication to needle biopsy is 
an uncooperative patient in whom uncontrolled motion 
during needle placement increases the risk of unantici-
pated injury and hemorrhage. This is a particularly 
common problem in pediatric patients, and sedation 
may be required.

Imaging Methods

Both ultrasound and computed tomography (CT) can 
be used to guide percutaneous needle intervention. The 
choice of method depends on multiple factors, including 
lesion size and location, relative lesion conspicuity on the 
two modalities, and equipment availability. Most masses 
can be successfully biopsied using either ultrasound or 
CT, with the choice depending on personal preference.

Ultrasound

Ultrasound has several strengths as a means of guiding 
percutaneous intervention. It is readily available, rela-
tively inexpensive, and portable. Ultrasound uses no  
ionizing radiation and can provide guidance in almost 
any anatomic plane. The greatest advantage, however, is 
that sonography allows the real-time visualization of the 
needle tip as it passes through tissue into the target. This 
allows precise and confident needle placement and 
avoidance of important intervening structures. In addi-
tion, color Doppler flow imaging (CDFI) may help 
prevent complications of needle placement by identify-
ing the vascular nature of a mass and by allowing the 
clinician to avoid vascular structures lying within the 
needle path.

Ultrasound guidance can be used for the biopsy of 
many organs and regions of the body. The technique is 
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bleeding disorder, coagulation studies should be reviewed 
before biopsy. In patients with an increased risk of bleed-
ing, a larger or second IV access site may be prudent.

There are two options to sterilize the transducer. 
The transducer may be covered with a sterile plastic 
sheath, although this may degrade image quality and 
make the transducer more difficult to handle. Alterna-
tively, the transducer itself may be directly sterilized with 
povidone-iodine (Betadine) and placed directly on the 
skin. Sterile gel is used as an acoustic coupling agent. 
After the biopsy, the transducer is soaked for 10 minutes 
in a bactericidal dialdehyde solution.

Most ultrasound-guided biopsies are performed under 
continuous real-time visualization. Needle guidance 
systems designed to facilitate proper needle placement 
are commercially available. These guides direct the 
needle to various depths from the transducer surface, 
depending on the preselected angle of the guide relative 
to the transducer (Fig. 16-1). Many radiologists prefer 
the “freehand” technique in which the needle is inserted 
through the skin directly into the view of the transducer 
without the use of a guide. The needle is then indepen-
dently directed to the target lesion by the operator under 
real-time ultrasound visualization.

In contrasting these two biopsy techniques, one can 
appreciate the technical ease provided by the needle 
guidance method. This can decrease the time to perform 
a biopsy, particularly in the hands of a novice operator.20 
However, the freehand technique allows greater flexibil-
ity to the operator in performing subtle adjustments to 
the needle path in the event of patient movement, par-
ticularly with respiration.

Fine-needle aspiration biopsies are performed by 
placing the tip of the needle into the target lesion and 
rapidly “bobbing” the needle within the mass, collecting 
cellular samples within the lumen of the small needle. 
Some biopsy devices include a syringe on the end to 
provide negative pressure within the lumen, increasing 
the cellular yield.

Large-caliber needles are used to obtain cores of tissue. 
With the typical spring-loaded core biopsy device (biopsy 
“gun”), the needle tip is advanced to the margin of the 
target lesion. Careful attention is made to the anticipated 
excursion of the device to prevent injury to deeper struc-
tures. Some biopsy devices allow initial manual advance-
ment of the stylet through the target lesion to the desired 
depth. When the spring-loaded cutting sheath is acti-
vated, the sheath advances over the stylet, but there is no 
additional forward motion of the needle (Fig. 16-2).

Most biopsies are performed by making one or more 
passes into a mass with a single needle. Occasionally, two 
needles are used in a coaxial manner, whereby a larger 
introducer needle is first placed into the mass. The inner 
stylet of this needle is then removed, and a longer, 
smaller-caliber needle is placed through its lumen. Mul-
tiple samples can then be obtained with the smaller 
needle without the need to reposition the larger intro-

of tissue may be obtained for histologic examination as 
well. With these small-caliber needles, masses behind 
loops of bowel can be punctured with minimal likeli-
hood of infection.9 The smaller samples yielded by small-
caliber needles are appropriate to confirm tumor 
recurrence or metastasis in a patient known to have a 
previous primary malignancy. Even if the sample is 
small, the pathologist is usually able to make an accurate 
diagnosis by comparing the biopsy specimen with the 
original tissue.

Large-caliber needles can be used to obtain greater 
amounts of tissue for more thorough histologic and cyto-
logic analysis. Larger needles may be necessary to obtain 
sufficient tissue to diagnose and subtype some types of 
malignancies (e.g., lymphoma), many benign lesions, 
and most chronic diffuse parenchymal diseases (e.g., 
hepatic cirrhosis, renal glomerulonephritis, renal allograft 
rejection).17 The large-caliber tissue sample can also be 
used to generate an additional “touch prep” specimen, 
whereby the tissue is manually swiped across a glass 
pathology slide, leaving a cellular sample on the slide for 
cytologic analysis.18

The preference and level of expertise of the pathologist 
involved in the interpretation of biopsy specimens are 
considerations in the selection of needle size and type. 
Cytopathologists specialize in the interpretation of cel-
lular samples, rendering a diagnosis based on the cells 
provided. Unfortunately, some clinical facilities do not 
offer cytopathologic interpretation. Histopathologists, 
in contrast, often prefer a large biopsy specimen for 
interpretation. For example, a large biopsy specimen 
from a metastatic lesion often allows a more reliable 
prediction of the primary site of the malignancy than a 
tiny sample or a cytologic aspirate. Determination of the 
primary site allows the oncologist to tailor subsequent 
treatment.

Biopsy Procedure

Before any invasive procedure is performed, the proce-
dure, risks, alternatives, and benefits should be explained 
in terms that the patient can understand so that informed 
consent can be obtained. The performing physician must 
address patient apprehension about potential pain during 
the procedure and possible complications of the biopsy. 
After discussing the procedure, any patient questions 
should be answered fully.

Biopsies are frequently performed on an outpatient 
basis. Discomfort from the procedure is rarely severe and 
is usually controlled by appropriate administration of 
local anesthetic after the skin is cleaned and draped. An 
intravenous (IV) access may be established before the 
biopsy in the event that fluid or medications are neces-
sary during the procedure. Premedication is usually not 
necessary. Sedatives and analgesics such as midazolam or 
fentanyl can be administered intravenously after consent 
has been obtained.19 If the patient’s history suggests a 
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guidance method. Unfortunately, this is frequently the 
most technically difficult aspect of ultrasound-guided 
biopsy for many radiologists. Beginners may choose to 
practice on a homemade ultrasound biopsy phantom  
to develop the coordination necessary for ultrasound-
guided procedures.22,23

The most common reason for nonvisualization of  
the needle tip is improper alignment of the needle tip 
and transducer. To visualize the entire needle, the needle 
and central ultrasound beam of the transducer must be 
in the same plane. This allows the entire shaft of the 
needle to be visualized. Although this rarely occurs with 
the use of a mechanical needle guide, such parallel place-
ment can be challenging using the freehand technique, 
particularly when the radiologist is focused on the ultra-
sound image. In many cases the radiologist can simply 
look at the alignment of the needle with the transducer 
to allow gross correction of path deviation (Fig. 16-3), 
then fine-tune the needle alignment with ultrasound 
imaging.

A bobbing or in-and-out jiggling movement of the 
biopsy needle during insertion improves needle visualiza-
tion. This bobbing motion causes deflection of the soft 
tissues adjacent to the needle and makes the trajectory 
of the needle much more discernible within the other-
wise stationary field. Alternatively, if using a coaxial 

ducer needle. This technique allows a large amount of 
tissue to be obtained with only one puncture of the organ 
capsule. While intuitively this should decrease bleeding 
complications, this has not been conclusively demon-
strated in real practice.21 This may be related to the large 
caliber of the introducer needle or the extended time 
during which the introducer needle lies within the organ, 
potentially tearing the capsule.

After the biopsy is performed, the patient is typically 
observed in the radiology department for 1 to 2 hours. 
Longer observation may be appropriate after kidney 
biopsy or if there is clinical concern about a potential 
complication. In many medical centers, initial cytologic 
results are available within this time. If the results of  
the initial cytologic analysis are not conclusive, a repeat 
biopsy is usually performed while the patient is in 
the department. When core biopsy tissue samples are 
obtained, frozen-section analysis may be performed for 
diagnosis if the touch-prep cytology specimen is incon-
clusive. In this case, additional samples may be necessary 
if permanent fixation or special staining is required.

Needle Visualization

Continuous real-time visualization of needle tip advance-
ment is one of ultrasound’s greatest strengths as a biopsy 

A B

FIGURE 16-1. Ultrasound-guided biopsy with needle guide. A, Ultrasound image shows a mass in the right lobe of the 
liver. B, The needle is seen within the preselected angle boundaries, with the tip in the mass.

A B C

FIGURE 16-2. Biopsy needle with central stylet. A, Biopsy needle tip before stylet deployment. B, Stylet is deployed, with 
the biopsy trough (arrows) evident on the exposed stylet. C, Outer cannula is fired over the stylet, allowing tissue to be obtained in the 
trough.
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FIGURE 16-3. Freehand alignment of 
biopsy needle with ultrasound trans-
ducer. A, Correct alignment for optimal sono-
graphic visualization. Biopsy needle is aligned 
precisely within the central plane of the trans-
ducer. B and C, Incorrect alignment. B, Biopsy 
needle is aligned off-center relative to the trans-
ducer. C, Biopsy needle is aligned correctly with 
the center of the transducer but is angled away 
from the central plane.
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becomes particularly obvious when there is significant 
movement of the liver caused by respiration and dia-
phragm excursion.

Lesions in the left lobe of the liver and in the inferior 
portion of the right lobe can usually undergo biopsy 
through a subcostal approach. Lesions located superiorly 
in the dome of the liver present a technical challenge for 
traditional CT-guided biopsy, but real-time, off-axial 
imaging with ultrasound allows for accurate needle target-
ing of such tumors, often through an intercostal approach. 
Although the intercostal approach may violate the pleural 
space, aerated lung is rarely punctured because it is well 
visualized sonographically and can be avoided. We usually 
place the patient in the left posterior oblique (LPO) 
rather than the supine position when an intercostal 
approach is used to improve visibility of the liver through 
the intercostal spaces. If working along the right side of 
the patient, such a position also prevents the patient from 
watching needle manipulation. As feasible, orienting the 
transducer along the longitudinal axis of the patient is 
preferable. Such orientation minimizes the interference 
of respiration, because the tumor and needle remain in 
the field of view throughout the procedure.

Benign hepatic lesions such as focal fatty infiltration, 
focal areas of normal liver within a fatty infiltrated liver, 
and atypical hemangiomas can occasionally mimic the 
appearance of malignancy on imaging studies. Biopsy of 
these processes can be done with ultrasound guidance to 
exclude malignancy and to confirm their benign nature 
(Fig. 16-5). Although cavernous hemangiomas are 
vascular lesions, these masses have undergone successful 
percutaneous biopsy without significant complica-
tions.27-29 Particular care must be taken to avoid direct 
puncture of a cavernous hemangiomas without inter-
vening liver parenchyma because this may result in  
catastrophic bleeding.30 Normal overlying liver may 
tamponade potential bleeding from the hemangioma.

Percutaneous ultrasound-guided biopsy of portal 
vein thrombus has proved to be a safe and accurate 
diagnostic procedure for staging of hepatocellular carci-
noma.31 The implication of tumor thrombus has impor-
tant implications for specific treatment options.

Liver biopsies are relatively safe, with an overall sig-
nificant complication rate of less than 1%.32-36 Hem-
orrhage is most common. Such significant bleeding 
complications are more likely to occur in the biopsy of 
patients with malignancy and those with acute liver 
failure, chronic active hepatitis, or cirrhosis.35,37,38 Most 
complications occur soon after the biopsy procedure, 
with about 60% occurring within 2 hours and 80% 
within 10 hours.35 Several large series report mortality of 
percutaneous liver biopsy as 0.1% or less.35-37

Pancreas

Despite the growing use of endoscopic ultrasound 
(EUS) and EUS-guided FNA, percutaneous biopsy of 

system, the inner, smaller needle can be “pumped” or 
moved in and out within the larger cannula.

Needle visualization can also be improved by increas-
ing the reflectivity of the biopsy needle. Large-caliber 
needles are more readily visualized than small-caliber 
needles. Keeping the bevel of the needle directed toward 
the transducer may also increase the conspicuity of the 
needle tip. Some authors have found CDFI helpful to 
visualize needle motion,24 although we have not routinely 
incorporated Doppler ultrasound into our practice. 
Modifications in needle tip design to enhance needle 
visualization include scoring the needle tip and using a 
screw stylet. Extrareflective needles specifically designed 
for ultrasound guidance are commercially available. Most 
needles, however, are sufficiently visible sonographically 
as long as the needle and transducer are aligned.

The echogenicity of the parenchyma of the organ 
undergoing biopsy also affects the visibility of the biopsy 
needle. If the parenchyma is relatively hypoechoic,  
such as liver, kidney, or spleen, the echogenic needle  
can usually be identified easily. Conversely, if the organ 
or soft tissues are relatively hyperechoic, it is usually  
difficult to visualize the echogenic needle tip in this 
background. This is particularly relevant in the biopsy 
of masses in obese patients or masses surrounded by 
complex fat, as in the retroperitoneum.

Linear or curved array transducers are frequently 
used for guiding procedures because of their good near-
field resolution, which allows visualization of the needle 
after relatively little tissue penetration. The focal zone 
of the ultrasound beam should also be placed in the 
near field for better needle visualization. Sector trans-
ducers are often used if there is a small acoustic window 
or if there is a deep lesion situated at steep angles.

Clear visualization of the biopsy needle is an impor-
tant element in the success of ultrasound-guided needle 
biopsies. The various techniques described here can be 
used to enhance needle visualization. However, consid-
erable real-time scanning experience remains the key 
factor to the successful performance of ultrasound-
guided biopsies.

Specific Anatomic Applications

Liver

The liver is the abdominal organ in which percutaneous 
biopsy is most frequently performed. Common indica-
tions for biopsy include nonsurgical confirmation of 
metastatic disease, characterization of focal liver mass(es) 
with inconclusive imaging, and diagnosis of parenchymal 
disease. Biopsy of large or superficial lesions is most easily 
done. With experience, deep lesions and lesions smaller 
than 1cm can undergo accurate biopsy25,26 (Fig. 16-4).

In our practice, liver biopsy is almost universally  
performed under ultrasound guidance because of the 
real-time visualization of the needle. This advantage 
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A B

FIGURE 16-4. Ultrasound-guided biopsy of small hepatic metastasis. A, Longitudinal ultrasound image of inferior 
right lobe of the liver shows a 1-cm mass (arrow). B, Gross photograph of the core biopsy sample shows the typical white core of pathologic 
tissue (arrows) bordered by typical-appearing normal liver parenchyma (arrowheads).
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FIGURE 16-5. Biopsy of cavernous hemangioma. A, Contrast-enhanced computed tomography (CT) scan shows a 1.5-cm 
vascular mass in left lobe of the liver. B, Transverse ultrasound demonstrates a hypoechoic ellipsoid mass in a fatty infiltrated liver. 
C, Ultrasound-guided biopsy using an 18-gauge needle. D, Histologic specimen shows endothelial-lined vascular spaces (arrow) diagnostic 
of cavernous hemangioma, as well as small, round, fat globules (dashed arrow) within hematoxylin and eosin–stained hepatocytes.
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the central hypoechoic portion of the pancreatic mass, 
the clinician can improve their diagnostic yield. In addi-
tion, core biopsy, either alone or in addition to FNA, 
results in improved diagnostic performance compared 
with FNA alone.40

The differentiation between benign serous and 
potentially malignant mucinous pancreatic tumors can 
be difficult with imaging alone. Unfortunately, cystic 
pancreatic malignancies are difficult to accurately diag-
nose with percutaneous biopsy; a definitive diagnosis was 
achieved in only 60% of patients in one study.43 In 
biopsy of a cystic pancreatic lesion, it is critical to obtain 
epithelial cells, either in the wall of the lesion or within 
the cyst fluid. Analysis of percutaneous fluid aspirates 
from a cystic lesion has also been proposed as an aid to 
distinguish cystic neoplasms from pseudocysts.43-45 A 
high amylase level is consistent with a pseudocyst. The 
presence of tumor markers with the cyst fluid may also 
be helpful in suggesting a cystic neoplasm.

The safety of percutaneous biopsy of the pancreas has 
been well established, with a complication rate of 1% to 
2%.9,39 An historic review reported six deaths related 
to pancreas biopsy.46 Five of these deaths were attributed 
to pancreatitis and one to sepsis. No pancreatic cancer 
was found in either the biopsy specimen or the postmor-
tem examination of these patients, suggesting an 
increased risk for developing pancreatitis after biopsy of 
normal pancreas. In this same large review of percutane-
ous biopsies, 10 of 23 cases of needle track seeding 
occurred after the biopsy of pancreatic malignancies. For 
this reason, biopsy may not be indicated in patients who 
are surgical candidates.

pancreatic tumors frequently remains necessary when the 
tumor is in the tail of the pancreas or when EUS is 
unavailable. Biopsy is often required to document malig-
nancy or differentiate malignancy from a benign condi-
tion, such as focal pancreatitis.

At our institution, most pancreatic biopsies are done 
with CT guidance because depth of the pancreas and 
presence of overlying bowel gas and hyperechoic abdom-
inal fat can make visualization of the needle difficult. 
Nevertheless, biopsy of pancreatic masses in normal-size 
and slender patients can be done accurately under ultra-
sound guidance (Fig. 16-6).

The gastrointestinal (GI) tract may be traversed when 
biopsying the pancreas. With ultrasound, the stomach or 
bowel is either displaced or compressed. Brandt et al.9 
demonstrated the safety of traversing the GI tract 
(stomach, small bowel, colon) in performing percutane-
ous biopsies in 66 procedures. Most of these biopsies were 
performed using a 21-gauge needle, with no complica-
tions related to the biopsy route in these patients.

A particular advantage of ultrasound over CT is the 
ability to biopsy pancreatic masses in an off-axis plane, 
which is very useful if overlying vessels are present on 
CT. Ultrasound-guided biopsy has 93% to 95% accu-
racy, compared with 86% to 100% accuracy for CT 
guidance.9,39,40

In some series, the biopsy success rate for the diagnosis 
of pancreatic carcinoma has been lower than the success 
rate for the diagnosis of malignant lesions in other organs 
of the abdomen.9,41,42 This may be related to sampling 
error, because significant desmoplastic reaction often 
accompanies pancreatic adenocarcinoma. By targeting 

A B

FIGURE 16-6. Ultrasound-guided pancreatic biopsy. A, Contrast-enhanced CT scan shows a mildly dilated pancreatic duct 
with abrupt termination in the head of the pancreas (arrow). No definite mass is identified on CT scan. B, Ultrasound for guided biopsy 
shows a 19-gauge needle passing through left lobe of the liver (L), with needle tip within a 2-cm hypoechoic mass in the head of the 
pancreas (arrows). The biopsy was positive for adenocarcinoma.
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the mode of determining true-negative results, which is 
based on stability on imaging follow-up. However, we 
know that the lack of growth in a renal mass does not 
imply a true-negative result, because 25% of renal tumors 
will not grow.53

The best measure to determine the true value of renal 
mass biopsy is comparison with the explanted (surgically 
resected) specimen. Studies show mixed results, however, 
including nondiagnostic rates up to 30% and accuracy 
of 72% to 97%.47,54-58 Unfortunately, a negative result 
often remains a clinical concern because of the imaging 
findings. Wunderlich et al.56 summarized the role of 
percutaneous biopsy as follows: “a negative result with 
sufficiently suspicious imaging findings should be inter-
preted as suspicious for malignancy and, therefore, 
should be an indication for surgical exploration.”

Sonographic-guidance can be used in the biopsy of 
kidneys with diffuse parenchymal disease. Insertion of 
the needle into the cortex of the lower-pole renal paren-
chyma under continuous real-time guidance results in 
few complications and produces a tissue sample of excel-
lent quality for analysis. An 18-gauge biopsy needle 
provides a biopsy specimen that is equivalent in diagnos-
tic quality to the biopsy specimen obtained by the tra-
ditional 14-gauge cutting needle.59 In fact, Hergesell 
et al.60 found a 99% success rate in obtaining diagnostic 
tissue using an 18-gauge needle, with only 0.36% of 
patients experiencing a significant bleeding complica-
tion. In this series, postbiopsy ultrasound revealed a 
clinically occult hematoma greater than 2 cm in 2% of 
patients. Similarly, asymptomatic hemorrhage may be 
detected by CT in up to 90% of patients after uncom-
plicated kidney biopsy.61 Arteriovenous (AV) fistulas 

Kidney

Biopsy of the kidney is performed to assess intrinsic 
parenchymal disease or to characterize a renal mass. The 
latter situation is controversial, with respect to the indi-
cation for biopsy, as well as the accuracy of biopsy in 
characterizing a renal mass (Fig. 16-7).

Cross-sectional imaging has allowed accurate charac-
terization of many benign renal masses, notably benign 
cysts and fat-containing angiomyolipomas. The 
problem is with the indeterminate, enhancing renal 
mass, specifically the oncocytoma and renal cell carci-
noma, which cannot be differentiated by imaging.47 As 
such and as outlined by Silverman et al.,48 currently 
accepted indications for biopsy of a renal mass include 
the following:
1. Renal mass and known extrarenal primary 

malignancy.
2. Renal mass and imaging findings that suggest 

unresectable renal cancer.
3. Patients with a renal mass and surgical comorbidity.
4. Renal mass that may have been caused by infection.

When performed in the appropriate circumstances, 
biopsy may affect a change in clinical management in 
approximately 40% of patients.49 Although these indica-
tions are generally accepted in the radiology community, 
controversy exists over the routine biopsy of tumors 
before definitive surgical resection.

Such a biopsy approach is based on the growing inci-
dence of incidentally detected, small (<3 cm) tumors, 
particularly in older persons, of which 25% will be 
benign.50 Percutaneous renal mass biopsy has exceptional 
results,49,51,52 but these studies are frequently limited by 
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FIGURE 16-7. Ultrasound-guided biopsy of renal mass. A, Longitudinal image shows a 2-cm solid mass extending from 
lower pole of the left kidney (K). B, Mass was biopsied using an 18-gauge biopsy device, confirming renal cell carcinoma.
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biopsy can yield a diagnosis in more than 93% to 96% 
of patients.67,68

The right adrenal gland is more accessible to ultra-
sound-guided biopsy than the left adrenal gland because 
the right lobe of the liver provides a sonographic window 
to optimize imaging (Fig. 16-9). Bright, echogenic, fat-
containing adrenal masses and homogeneous, thin-
walled, fluid-filled adrenal masses may not require biopsy 
because these should represent benign adrenal myeloli-
pomas and cysts, respectively. CT or MRI can be per-
formed to confirm this before considering biopsy.

Although benign adenomas can be larger than 3 cm, 
the likelihood of silent adrenal carcinoma increases  
significantly if an incidentally discovered adrenal mass  
is larger than 4 cm.69 In this setting, surgical excision 
is recommended because biopsy will yield insufficient 
tissue to differentiate a benign adenoma from adreno-
cortical carcinoma.

Radiologists performing adrenal biopsies should be 
familiar with the management of a hypertensive crisis 
after inadvertent biopsy of a pheochromocytoma.70 
Although adrenal pheochromocytomas have been safely 

may be seen in about 10% of patients immediately  
after kidney biopsy and usually resolve spontaneously 
(Fig. 16-8).

Clinically important bleeding is the most serious com-
plication after kidney biopsy, occurring in 0.3% to 6.3% 
of patients.60,62-65 Gross hematuria may occur in 5% to 
7% and usually stops within 6 to 12 hours.66 Micro-
scopic hematuria can occur in up to 100% of patients 
and should not be regarded as a complication.

Adrenal Gland

The most common indication for adrenal biopsy is to 
confirm metastatic disease in a patient with an adrenal 
mass and a known primary malignancy elsewhere. Cur-
rently, CT and magnetic resonance imaging (MRI) char-
acterization of adrenal masses has supplanted biopsy in 
many cases in establishing benignity of an adrenal mass. 
Nevertheless, occasional histologic diagnosis is required. 
In this case, CT-guidance is generally the preferred 
adrenal biopsy technique because of the deep location of 
the adrenal glands in the retroperitoneum. Percutaneous 
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FIGURE 16-8. Arteriovenous (AV) fistula after 
renal transplant biopsy. A, Longitudinal ultrasound 
image of renal transplant demonstrates an 18-gauge needle in 
the lower pole. B, Color Doppler ultrasound 3 weeks later 
demonstrates focal communication between a renal artery and 
vein, indicating AV fistula. C, Spectral Doppler image dem-
onstrates the high-velocity and low-resistance waveform of AV 
fistula. Most AV fistulas are of no clinical significance and 
spontaneously thrombose.
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be effective in the biopsy of masses that abut the chest 
wall, without the imaging interference of aerated lung 
parenchyma81,82 (Fig. 16-11). Such lesions include pul-
monary, pleural, and mediastinal masses. Notable 
advantages of ultrasound in the lung include (1) real-
time guidance during patient respiration, (2) ability to 
biopsy efficiently in the off-axial plane, (3) ability to 
biopsy lesions in patients who would otherwise have 
difficulty cooperating, and (4) absence of ionizing radia-
tion.83 Ultrasound biopsy of mediastinal masses can be 
performed if the mass is visible. Mediastinal vessels in 
the path of the needle may be avoided with the use of 
color Doppler ultrasound before needle placement.

Complications

Image-guided percutaneous needle biopsy is a widely 
accepted mode of obtaining tissue for diagnosis, in  
part because of its well-documented safety. Several  
large reviews using multi-institutional questionnaires 
have reported major complication rates of 0.05% to 
0.19% and mortality rates of 0.008% to 0.038%.46,84-86

Although rare, hemorrhage is the most common 
major complication of solid-organ biopsy and accounts 
for most biopsy-associated deaths. If hemorrhage is sus-
pected after biopsy and the patient is hemodynamically 
stable, CT should be obtained. CT is more accurate than 
ultrasound to evaluate for hemorrhage.61 On ultrasound, 
fresh blood has an echogenicity similar to that of sur-
rounding tissues and can be overlooked (Fig. 16-12).

The difference in the complication rates associated 
with the use of larger-caliber core biopsy needles and 
small-caliber needles is not as great as might be expected. 
An early comparative study found complication rates  
of 0.8% with fine needle (22 gauge) and 1.4% with 

biopsied without premedication,67 if the clinical history 
suggests pheochromocytoma, further laboratory tests 
should establish the diagnosis rather than biopsy. If 
biopsy is necessary, consultation with an endocrine spe-
cialist and pretreatment with alpha-adrenergic blockers 
and metyrosine should be considered.71

Spleen

The spleen is the abdominal organ that undergoes biopsy 
least often. First, isolated metastases to the spleen are 
exceptionally rare. In most cases, when the splenic tumor 
is visualized, there is concomitant disease in other 
abdominal organs, such as the liver or lymph nodes, in 
which a biopsy can be performed. Second, the spleen  
is a highly vascular organ, and the risk of needle  
biopsy would seem to be high. The reported rate of 
significant hemorrhage from needle biopsy varies from 
0% to 8%.72-79 In some cases, splenectomy is required.73,75 
Pneumothorax may also occur as a complication after 
spleen biopsy.79

At this time, the main clinical reason for performing 
percutaneous biopsy of the spleen is to differentiate 
recurrent lymphoma, metastasis, and infection in a 
patient who has a new splenic lesion but no disease 
elsewhere in the abdomen (Fig. 16-10). In the immuno-
compromised patient, differentiation between malig-
nancy and fungal infection can be critical in patient 
management. Percutaneous biopsy can yield a specific 
diagnosis in approximately 90% of patients.72,73,80

Lung

Percutaneous biopsy of the lung is typically performed 
with CT guidance. However, ultrasound has proved to 
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FIGURE 16-9. Ultrasound-guided biopsy of adrenal mass. A, CT scan without contrast demonstrates a 2-cm mass (arrow) 
in the right adrenal gland. B, Longitudinal ultrasound image shows value of the liver as a biopsy path to the right adrenal gland.
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FIGURE 16-10. Ultrasound-guided biopsy of melanoma metastasis to the spleen. A, Contrast-enhanced CT shows 
a 4-cm mass in the spleen. B, Transverse ultrasound demonstrates the 18-gauge biopsy needle within the mass.
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L

FIGURE 16-11. Ultrasound-guided biopsy of peripheral lung mass. A, Noncontrast CT demonstrates an indeterminate 
peripheral left lung mass. B, Oblique ultrasound image shows a 20-gauge biopsy needle isolated within the hypoechoic mass, which is 
surrounded by aerated lung (L). Biopsy confirmed histoplasmosis.
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breast, eye, and retroperitoneum.46,89-100 Because seeding 
is so rare, in most cases it should not affect the decision 
to perform percutaneous biopsy.

Minor complications more often encountered include 
vasovagal reactions and pain.

ULTRASOUND-GUIDED DRAINAGE

As with needle biopsy, percutaneous aspiration and 
drainage procedures have gained wide acceptance in 
clinical practice because of their safety, simplicity, and 
effectiveness. Ultrasound provides precise needle guid-
ance to allow for needle aspiration or catheter drainage 
of superficial and deep fluid collections throughout  
the body.

Indications and Contraindications

Original criteria for percutaneous drainage specified that 
the fluid collection be unilocular with no communica-
tions, and surgical backup was considered essential.101,102 
Currently, percutaneous abscess drainage is performed 
safely for solitary, multilocular, and multifocal fluid col-
lections with or without communication to the GI 
tract.102,103 Such collections include complex solid-organ 
abscesses, enteric-related abdominal abscesses (e.g., 
caused by appendicitis and diverticulitis), tubo-ovarian 
abscesses, and percutaneous cholecystostomy for an 
inflamed gallbladder. Percutaneous drainage is more 
likely to be successful in abscesses with air-fluid levels or 
superficial gas collections, whereas abscesses with deep, 
trapped gas bubbles are less likely to be successfully 
managed with percutaneous drainage.104 Poorly defined 
fluid in the peritoneum with an underlying surgically 
correctable abnormality (e.g., perforated bowel) is better 
treated with surgery.

large-caliber needles (14 and 18 gauge); this difference 
was not statistically significant.87 In addition, the larger 
needles provided a diagnostic tissue in 90% of biopsies, 
versus 65% in fine-needle biopsies. Welch et al.88 found 
equal rates of complications from the use of 18-gauge 
and 21-gauge biopsy needles (0.3%).

Other major complications secondary to biopsy 
include pneumothorax, pancreatitis, bile leakage, 
peritonitis, infection (Fig. 16-13), and needle track 
seeding. An exceedingly rare complication (0.003%),46 
needle track seeding has been reported after biopsy  
of various malignancies, including those arising from  
the pancreas, prostate, liver, kidney, lung, neck, pleura, 
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FIGURE 16-12. Isoechoic hematoma after biopsy 
of pancreas transplant. Large, fresh, postbiopsy intraperi-
toneal hematoma (H) is isoechoic with the adjacent liver (L) and 
right kidney (K). Newly evolving clot (<30 min) can be echogenic 
and therefore overlooked.
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FIGURE 16-13. Abscess after liver mass biopsy. A, Transverse ultrasound image shows an 18-gauge biopsy needle in a 3-cm 
metastasis (arrow). B, Longitudinal image obtained 2 weeks later demonstrates a 6-cm debris-containing fluid collection, anterior to left 
lobe of the liver, at biopsy site. Subsequent aspiration and drain placement confirmed abscess.
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Imaging Methods

Selection of ultrasound or CT for guidance of aspiration 
and drainage is influenced by several factors, including 
the location of the fluid collection and the strengths and 
weaknesses of each imaging modality, as discussed earlier. 
For example, a simple paracentesis is best performed 
under ultrasound guidance (Fig. 16-14). More compli-
cated drainage procedures in the retroperitoneum or 
pelvis are best performed with CT guidance. More 
superficial abdominal fluid collections may be aspi-
rated or drained easily with ultrasound guidance. Obtain-
ing a CT scan before the procedure often provides a 
more detailed view of potentially deeper components to 
the collection and an anatomic map for planning a safe 
access route.

In certain anatomic areas, such as the gallbladder, 
biliary tract, and kidneys, combined ultrasound and 
fluoroscopic guidance of catheter placement may be 
preferred. The combined use of ultrasound for initial 
needle placement and fluoroscopy for catheter place-
ment, using the guidewire exchange technique (Seld-
inger), optimizes the strengths of both guidance 
modalities. Fluoroscopy can then be used to opacify the 
area drained and confirm final catheter placement and 
adequacy of drainage.

No single method of guidance for percutaneous drain-
age is appropriate for all abdominal fluid collections or 
abscesses. The approach to any fluid collection or poten-
tial abscess must be tailored to the patient, procedure, 
and specific circumstances.

Catheter Selection

Various catheters and introducing systems are available 
for percutaneous abscess drainage; choice depends mainly 
on operator preference. As with most interventional pro-
cedures, the clinician or radiologist must be familiar and 
comfortable with the system chosen. In general, thicker 
fluid is best drained with larger-caliber catheters. A 10- 
to 14-French catheter provides adequate drainage for 
most abscesses. Smaller (6-8 French) catheters are ade-
quate for less viscous collections. Catheters with reten-
tion devices, such as a locking loop, are frequently used 
to prevent catheter dislodgement (Fig. 16-15).

Most percutaneous abscess drainage is performed to 
achieve a cure without the need for surgery. In other 
patients, it is a temporizing procedure that either post-
pones definitive surgery until the patient is stable (e.g., 
periappendiceal abscess drainage) or permits a single-
stage rather than a multistage surgery (e.g., peridiverticu-
lar abscess drainage). This is particularly desirable in 
high-risk, medically complicated patients who present 
with sepsis.

Contraindications to image-guided percutaneous 
catheter drainage are all relative and are similar to those 
for percutaneous biopsy. Although uncommon, lack of 
a safe route for percutaneous drainage precludes the pro-
cedure. Unlike percutaneous biopsy, in which bowel 
may be traversed without complication, fluid aspiration 
and percutaneous abscess drainage through bowel should 
be avoided. Initial advancement of the drain through 
normally contaminated bowel may seed a sterile fluid 
collection, resulting in iatrogenic infection. In addition, 
drain placement through bowel may result in not only 
significant perforation, but also enteric fistula.

Bleeding diathesis should be maximally corrected 
before drain placement, and appropriate sedation (local 
and systemic) should be given, as appropriate.

FIGURE 16-14. Ultrasound-guided paracentesis. 
Longitudinal image shows a 5-French angiocatheter with side 
holes in the left lower peritoneal cavity during a paracentesis.

A B

FIGURE 16-15. Locking-loop drainage catheter. A, Three components of the locking-loop catheter are sharpened inner stylet 
(top), stiffener (middle), and catheter with distal locking loop (bottom). B, Assembled catheter is ready for placement using trocar 
technique.
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track. The catheter-cannula assembly is placed over the 
guidewire into the fluid collection. The guidewire and 
inner cannula are removed as the catheter is simultane-
ously advanced. The distal locking loop of the catheter 
is re-formed to prevent catheter dislodgement. If the 
catheter is difficult to see with ultrasound, the use of 
CDFI may improve conspicuity. During aspiration or 
irri gation, Doppler shifts improve catheter visualization 
(Fig. 16-16).

Final positioning of the catheter is important in maxi-
mizing the effectiveness of drainage. For this purpose, 
ultrasound and CT are complementary and should be 
used together. CT provides an anatomic road map for 
ideal catheter placement. Because this ideal position 
seldom lies in the true axial plane, ultrasound can be used 
to direct the needle, guidewire, and catheter into the 
ideal position. Final placement can then be verified  
with CT.

Drainage Procedure

After the drainage catheter is placed, the cavity is com-
pletely aspirated and gently irrigated. Care should be 
taken not to distend the cavity during the irrigation 
because this may increase the risk of bacteremia. Repeat 
images are obtained to determine the size of the residual 
cavity, the position of the drainage tube, and whether 
the entire abscess communicates with the drainage tube. 
If the abscess cavity has not completely resolved, the 
drainage catheter may need to be repositioned, or a 
second drain may need to be placed. Such manipulations 
are often performed under fluoroscopy the day after 

Patient Preparation

The procedure and risks should be explained to the 
patient and informed consent obtained. The patient’s 
hemostatic status should be assessed through clinical 
history, and recent coagulation studies should be avail-
able. We routinely require platelets and PT for drainage 
procedures. IV access is obtained in all patients for 
administration of medications and for emergency access, 
in the event of a complication, such as hemorrhage, 
sepsis, or hypotension. Patients often receive broad- 
spectrum antibiotics intravenously to decrease the risk of 
sepsis. Satisfactory analgesia is necessary throughout the 
procedure to provide optimal patient comfort and coop-
eration. Local anesthesia is usually sufficient for needle 
aspiration; however, IV sedatives and analgesics such as 
midazolam (Versed) or fentanyl (Sublimaze) are benefi-
cial for percutaneous catheter insertion; dilation of the 
drain tract can be extremely painful to the patient.

Diagnostic Aspiration

Because fluid collections often have a nonspecific appear-
ance, diagnostic aspiration is the first step. A fine needle 
is guided into the fluid collection by the selected imaging 
modality. This needle insertion defines a precise and safe 
route to the fluid collection. A small amount of fluid is 
aspirated and sent for appropriate microbiologic evalua-
tion. The resulting culture and sensitivity data are used 
to direct the antibiotic therapy. If the fluid does not 
appear infected (i.e., clear, colorless, and odorless), the 
radiologist may elect to aspirate the cavity completely 
and not perform the drainage procedure. This is impor-
tant, because a catheter placed in a sterile fluid collection 
will eventually serve as a nidus of infection, with subse-
quent infection of the collection. If pus is aspirated, care 
should be taken to aspirate only a small amount of fluid, 
because any decrease in the cavity size may make subse-
quent catheter placement more difficult.

Catheter Placement

Catheter insertion can be performed using the trocar or 
the Seldinger technique; the choice usually depends on 
operator preference. In the trocar technique the catheter 
fits over a stiffening cannula, and a sharp inner stylet is 
placed within the cannula for insertion (see Fig. 16-15). 
The catheter assembly is advanced into the fluid collec-
tion. The catheter is then pushed from the cannula, and 
the distal loop is formed and tightened to secure the 
catheter within the fluid collection. This method works 
best for large and superficial fluid collections.

With the Seldinger technique (guidewire exchange 
technique), a guidewire is advanced through the aspira-
tion needle and coiled within the fluid collection. The 
needle is then removed, and the guidewire is used as an 
anchor for passage of a dilator to widen the catheter 

FIGURE 16-16. Drain within deep pelvic abscess. 
With aspiration of the abscess and subsequent fluid motion within 
the drain, longitudinal transperineal Doppler ultrasound image 
shows a color shift, allowing good visualization of the catheter.
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tions are drained. Ultrasound can provide excellent guid-
ance for percutaneous abscess drainage; however, careful 
review of CT imaging assists in planning an optimal 
approach free of intervening bowel. Unlike CT, ultra-
sound is especially valuable in the treatment of critically 
ill patients who cannot be transported to the radiology 
department.

Pelvic abscesses are of variable origin and have been 
notoriously difficult to access because of their deep loca-
tion, overlying bowel, blood vessels, and urinary bladder. 
Traditional approaches include an anterior transperito-
neal approach or a posterior transgluteal approach. 
The transgluteal approach is relatively painful, and care 
must be taken to avoid the sciatic nerve. Small, deep 
pelvic abscesses may be difficult to access safely using 
traditional approaches.

Ultrasound-guided transvaginal drainage has been 
established as a viable alternative to these traditional 
approaches107,108 (Fig. 16-17). Needle guides are avail-
able for endovaginal probes that help guide the needle 
into the fluid collection. This transvaginal approach can 
be used to drain tubo-ovarian abscesses unresponsive  
to medical treatment. The trocar technique may also  
be used successfully for transvaginal drain placement. 
Transrectal ultrasound-guided drainage has also been 
described in the drainage of pelvic fluid collections,109 
but such an approach is infrequently used.

For nonpurulent pelvic collections, immediate cath-
eter drainage is not necessarily indicated. Many of these 
patients respond to a one-step aspiration, lavage, and 
antibiotic therapy based on results of cultures of the 
aspirates.110,111

Enteric abscesses often have communication with 
the GI tract. For these abscesses to be drained success-
fully, the GI communication first must be recognized, 
then allowed to heal and close before removal of the 
catheter. Fistulas will not close if there is distal obstruc-
tion, tumor, or persistent infection. Even with the most 
aggressive techniques, however, success in treating 
abscesses with enteric communication is lower than for 
noncommunicating abscesses.112,113 A particular chal-
lenge exists in the percutaneous treatment of Crohn’s-
related abscesses. Obviating surgery in the short term 
can only be achieved in about 50% of patients, with a 
much lower success rate in patients with preexisting 
bowel fistulas.106,114 Enterocutaneous fistulas may 
develop along the drain tract in these patients.

Specific Anatomic Applications

Liver

In addition to antibiotics, percutaneous aspiration or 
drainage should be considered as a primary treatment for 
most pyogenic liver abscesses (Fig. 16-18). Pyogenic 
liver abscesses are most often caused by (1) hematoge-
nous seeding from intestinal sources, such as appendicitis 

initial drain placement. Correct catheter position and 
adequate catheter size are the most important factors for 
successful drainage.

Follow-up Care

All drains must be irrigated regularly. Injection and 
aspiration of 10 mL of isotonic saline three or four times 
daily is usually sufficient. If drainage is especially tena-
cious or the abscess is large, more frequent irrigations 
with greater volumes of saline may be necessary. The 
fluid collection can be drained dependently or by low, 
intermittent suction. The character and volume of the 
output should be recorded each nursing shift and checked 
daily on rounds by the radiology service. If the drainage 
changes significantly in volume or character or if fever 
recurs, the patient should be reexamined to check for 
fistulas, catheter blockage, reaccumulation of the abscess, 
or a previously undiagnosed collection.

From 24 to 48 hours after tube placement, a sinogram 
should be performed to look at the abscess cavity size, 
completeness of drainage, and catheter position and to 
look for fistulas. Simple abscess cavities may drain for 5 
to 10 days. Abscesses secondary to fistulas from bowel, 
biliary, or urinary tracts may drain for 6 weeks or longer. 
As long as drainage persists, sinograms are performed 
every 3 to 4 days, and the drains are left in place. Out-
patient care is possible for selected patients.

Catheter Removal

The three criteria for catheter removal are as follows:
1. Negligible drainage over 24 hours
2. Afebrile patient
3. Minimal residual cavity

Drains in small, superficial abscess cavities can be 
pulled all at once, whereas drains in large, deeper cavities 
may be gradually removed over a few days, which pro-
motes healing by secondary intention.

Abdominal and Pelvic  
Abscesses: General

Most abdominal and pelvic abscesses are secondary to 
underlying bowel pathology or seen after surgery. Percu-
taneous abscess drainage for postoperative abdominal 
abscesses has become the accepted primary treatment of 
choice, with cure being the expected goal. Percutaneous 
drainage has also played a principal role in the treatment 
of diverticular, appendiceal, and Crohn’s disease–related 
abscesses.105,106 Drainage of abscesses in these acutely ill 
patients can help alleviate sepsis and allow the necessary 
curative surgery to be performed on an elective basis.

Drainage of abdominal abscesses is often best per-
formed with CT guidance, which allows the best visual-
ization and avoids adjacent bowel loops. CT also provides 
an overview of the entire abdomen, to ensure all collec-
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FIGURE 16-17. Ultrasound-guided transvaginal 
drainage of pelvic abscess. A, Contrast-enhanced CT 
scan shows an abscess (A) deep in the pelvis, posterior to the 
uterus (U). B, Transvaginal ultrasound image shows needle tip 
(arrow) in abscess cavity (A). C, With the catheter exchange 
technique, a locking-loop catheter (arrows) was inserted into 
the abscess cavity for drainage.

or diverticulitis; (2) direct extension from cholecystitis 
or cholangitis (Fig. 16-19); or (3) surgery or trauma. As 
with abscesses elsewhere in the body, the sonographic 
appearance of hepatic abscess is usually a complex fluid 
collection, although it can also appear as a solid mass. 
Both ultrasound and CT provide excellent guidance for 
percutaneous aspiration or drainage of hepatic abscesses, 
with a 67% to 94% cure rate.112,115-117

Some suggest treating pyogenic liver abscesses with 
antibiotics and percutaneous needle aspiration alone, 
without catheter drainage, although multiple aspiration 
procedures may be required.118 Such an approach is 
particularly reasonable in smaller abscesses, less than 
5 cm.119,120 Multiple small (<1 cm) microabscesses are 
typically treated with antibiotics alone after diagnostic 
aspiration.121 Final cure often depends on identification 
and appropriate treatment of the infectious source.

Amebic liver abscesses are caused by Entamoeba his-
tolytica. Most amebic liver abscesses are effectively treated 
with metronidazole alone with 85% to 95% success.122,123 
However, percutaneous abscess drainage of amebic 
abscesses is indicated if the diagnosis is uncertain, the 
cavity is large (>5 cm) or enlarging, pyogenic superinfec-

tion is a concern, or there are signs of abscess cavity 
rupture.123,124 Catheter drainage in these situations is safe 
and generally provides a rapid cure.

Historically, liver hydatid abscesses caused by Echi-
nococcus granulosus were considered a contraindication to 
percutaneous abscess drainage because of the concern of 
anaphylactic reaction to cyst contents. More recently, 
these abscesses have been successfully treated with per-
cutaneous aspiration combined with appropriate anthel-
mintic therapy.125 The procedure is typically divided into 
three steps: (1) partial aspiration of the cyst contents; (2) 
instillation of a scolicidal agent, such as silver nitrate, 
hypertonic saline, or albendazole; and (3) complete aspi-
ration of the cyst. This technique has been shown to be 
more than 98% successful.125-127 Appropriate precautions 
must be taken before treatment because anaphylactic 
reactions may be seen in 2% to 4% of patients.126-128

Complications of percutaneous hepatic abscess drain-
age include sepsis, hemorrhage, and catheter transgres-
sion of the pleura. Sepsis may occur in up to 25%  
of patients, even with antibiotic therapy.120 Intercostal 
placement of a drain should be avoided; such a path 
could introduce bacteria into the pleural space.
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FIGURE 16-18. Ultrasound-guided drain-
age of liver abscess. A, Transverse ultrasound 
image shows a debris-containing cystic mass in right 
lobe of the liver, clinically consistent with abscess. B, 
Needle and guidewire in abscess. C, Color Doppler 
imaging allows improved visualization of the 
catheter.

Biliary Tract

Gallbladder. Percutaneous cholecystostomy has 
evolved into a favorable alternative to surgery in critically 
ill patients with acute calculous and acalculous cholecys-
titis. In contrast to surgical cholecystostomy, a major 
advantage of ultrasound-guided cholecystostomy is that 
the procedure may be performed at the patient’s bedside. 
Thus, critically ill patients need not be moved to surgery 
or the radiology department. Similar to other drainage 
catheters, the cholecystostomy is easily placed with ultra-
sound guidance using a transhepatic route and either the 
trocar method or guidewire exchange (Seldinger) tech-
nique (Fig. 16-20).

Cholecystostomy placement can be successfully per-
formed in up to 100% of cases, with rapid clinical 
improvement in 56% to 95% of patients.129-131 Because 
of the severe comorbidities of these patients, mortality 

rates of 36% to 59% have been reported in hospitalized 
patients after cholecystostomy tube placement.129,132

Gallbladder aspiration alone may also be considered in 
treating the noncritically ill patient with acute cholecys-
titis who is a high surgical risk (Fig. 16-21). Given that 
positive blood cultures are present in less than 50% of 
patients with acute cholecystitis, continuous drainage 
may not be as critical in the management of this condi-
tion. One study showed a 77% clinical response in high-
risk surgical patients using aspiration alone, compared 
with a 90% response in those treated with percutaneous 
cholecystostomy.133 Care must be taken to avoid direct 
puncture of the gallbladder wall in patients with biliary 
obstruction because of the risk of significant bile leakage.134

Bile Ducts. Percutaneous transhepatic cholangiogra-
phy and drainage is traditionally performed using “blind” 
cholangiography with fluoroscopy for initial needle 
placement. However, the combined use of ultrasound 
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Infected pancreatic necrosis and some pseudocysts 
eventually require percutaneous intervention. Although 
CT is superior to ultrasound in evaluation of pancreati-
tis, ultrasound provides easy guidance for percutaneous 
interventional procedures (e.g., fluid aspiration) in these 
patients. Standard management of infected pancreatic 
necrosis is surgical debridement.136 However, percutane-
ous drainage may provide short-term control of sepsis in 
almost 75% and cure in 50% of patients. Such a proce-
dure typically involves very-large-bore catheters with 
frequent, vigorous irrigation, essentially resulting in a 
“percutaneous necrosectomy.”137

The definition of pancreatic abscess is controversial. 
In general, a pancreatic abscess is a loculated collection 
of pus adjacent to the pancreas containing little or  
no pancreatic necrosis and resulting from pancreatitis  
or pancreatic trauma.138 Percutaneous drainage of these 
abscesses is effective and can result in cure in about 90% 
of patients.139,140 Key in the management of these often 

for the initial needle puncture and fluoroscopy for final 
catheter placement using the guidewire exchange tech-
nique optimizes the advantages of both guidance systems 
for transhepatic cholangiography, biliary drainage, and 
other invasive procedures. Select ducts may be punc-
tured under ultrasound guidance for transhepatic chol-
angiography or as the site of definitive catheter placement. 
In patients with segmental biliary obstruction, a blind 
technique allows initial opacification of the biliary system 
only by “chance,” whereas ultrasound allows guided, 
direct puncture of the appropriate bile duct.

Pancreas

Percutaneous aspiration or drainage of pancreatic fluid 
collections typically arises in the setting of pancreatitis. 
In the absence of infection or obstruction of an adjacent 
hollow viscus, acute pancreatis-related peripancreatic 
fluid collections require no therapy.135 Similarly, sterile 
pancreatic necrosis does not usually require treatment.
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FIGURE 16-19. Ultrasound-guided drainage of 
pyogenic liver abscess secondary to cholecysti-
tis. A, Longitudinal ultrasound image shows cholelithiasis, 
complex thickening of the gallbladder (GB) wall, and adjacent 
debris-containing fluid collection (A) in the liver. B, Drainage 
catheter within the abscess. C, Subsequent sinogram through 
drainage catheter (arrows) shows communication (dashed 
arrow) between the gallbladder (GB) and abscess (A).
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• Symptoms related to pseudocyst
• Complication of infection or bleeding
• Increase in size during the observation period
• A diameter of 6 cm or more
• No decrease in size during last 6 weeks of 

observation
Success of percutaneous pseudocyst drainage ranges 

from 70% to 100%.143 Ultimate success may be related 
to the integrity of the pancreatic duct.146

Spleen

Splenic abscesses are uncommon, and in the past were 
often managed surgically. However, with increasing 

complex collections is optimized placement of the drain 
within the infected cavity and frequent monitoring of 
drain function and cavity size. Frequent drain manipula-
tions are often necessary, with drains varying in size from 
8 to 30 French.140 Drainage catheters may be in place 
for several weeks to several months.

Pancreatic pseudocysts arise in about 6% of patients 
following an episode of acute pancreatitis.139 About half 
of pseudocysts will resolve spontaneously (but only  
a third of those >6 cm).141,142 Simple aspiration of pan-
creatic pseudocysts is associated with a high rate of  
recurrence; therefore percutaneous catheter drainage is 
preferred in select cases141-144 (Fig. 16-22). Indications for 
pancreatic pseudocyst drainage include the following145:
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FIGURE 16-20. Cholecystostomy using ultrasound guidance. A, Longitudinal, and B, transverse, ultrasound images show 
stones within the gallbladder (GB) and adjacent debris-containing fluid collection representing abscess (A). Perforation of gallbladder wall 
is identified (arrow). C, Drainage catheter was placed using ultrasound guidance. D, Subsequent CT confirms catheter placement within 
gallbladder lumen.
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experience in percutaneous abscess management, image-
guided drain placement into select splenic abscesses  
has been successfully performed in up to 100% of 
patients.147-149 With smaller (≤3 cm) infected splenic 
fluid collections, a trial of aspiration may be reasonable, 
with drain placement if reaccumulation of fluid occurs. 
More complex, multiloculated abscesses or deep-seated 
collections should be managed surgically. The primary 
risk of spleen drainage is bleeding.75

Kidney

Most renal abscesses can be successfully managed with 
percutaneous drainage combined with systemic antibiot-
ics (Fig. 16-23). The size of the abscess should be con-
sidered when determining the type of treatment. For 
abscesses smaller than 3 cm, antibiotics alone are typi-
cally sufficient for treatment.150 Success in the percutane-
ous drainage of larger abscesses ranges from 70% to 
90%, with better results in treating smaller abscesses.150

FIGURE 16-21. Ultrasound-guided gallbladder 
aspiration. Using freehand technique, a needle is advanced 
transhepatically into the lumen of a sludge-filled gallbladder.
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FIGURE 16-22. Ultrasound-guided pancreatic 
pseudocyst drainage. A, Contrast-enhanced CT scan 
shows a large fluid collection pseudocyst (P) anterior and supe-
rior to the pancreas. B, Ultrasound image shows aspiration 
needle (arrow) in the pseudocyst, which contains echogenic 
debris. C, With the catheter exchange technique, a locking-
loop catheter was placed into pancreatic pseudocyst for 
drainage.
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FIGURE 16-23. Renal abscess drainage. A, CT scan 
with orally administered contrast material shows a small 
(2.5 cm) low-attenuating mass (arrows) in the middle of the 
left kidney. B, Longitudinal ultrasound of the left kidney shows 
a 2.5-cm cystic mass with internal debris (arrows). C, Trans-
verse image of the kidney (K). Using the Seldinger technique, 
a locking-loop catheter (arrow) was placed into the renal 
abscess.

PERCUTANEOUS  
CYST MANAGEMENT

Renal Cyst

Simple aspiration of large, symptomatic or obstructing 
renal cysts is ineffective in the long-term management of 
renal cysts because of rapid reaccumulation of cyst fluid 
within the cavity.151 This has led to interest in aspiration 
combined with sclerosis to provide more permanent 
ablation of the cyst (Fig. 16-24).

The procedure involves placing a 6- to 8-French drain 
into the cyst with aspiration of the cyst fluid. If the cyst’s 
true benign nature is in doubt, the fluid may be sent for 
cytology and other chemical markers to confirm a serous 
nature of the fluid. If there is no evidence of malignancy, 
the cyst is then injected with contrast material under 
fluoroscopy to exclude a communication with the 
urinary collecting system; sclerosis should not be per-
formed if such a communication exists. The cyst is then 

injected with 95% alcohol at half the cyst volume, not 
to exceed 100 mL.152 Injection of lidocaine with the 
alcohol minimizes the burning pain that often accompa-
nies alcohol injection. The patient is turned in various 
positions over a 20-minute period to facilitate exposure 
of the cyst wall to the sclerosing agent. The alcohol is 
aspirated and the drain removed or placed to continuous 
suction. Repeat injections may be performed over the 
subsequent 2 to 3 days to maximize sclerosis. This tech-
nique is successful in more than 95% of patients.151,153 
Although alcohol is the sclerosing agent typically used, 
other agents include tetracycline, doxycycline, talc, and 
iodine.

Liver Cyst

Similar to renal cysts, hepatic cysts can be effectively 
sclerosed to provide long-term relief of symptoms. A 
communication to the biliary tract is usually excluded  
by injecting the cyst with contrast under fluoroscopy.  
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A smaller amount of alcohol (25% cyst volume) has  
been proposed.154 In one study, investigators used alcohol 
and/or tetracycline or doxycycline in successfully treating 
85% of symptomatic hepatic cysts.155

Ovarian Cyst

Historically, surgical extirpation of symptomatic ovarian 
cysts has been the standard of care. Percutaneous man-
agement has been discouraged because of the concern 
about seeding malignant cells in the inadvertent aspira-
tion of a low-grade neoplasm and the poor sensitivity in 
characterizing aspirated cyst fluid.156,157 However, given 
the well-recognized sonographic criteria of benign 
ovarian cysts, the confidence level in percutaneous aspi-
ration of such symptomatic simple cysts has improved.

Ultrasound-guided aspiration of symptomatic, benign 
ovarian cysts is highly effective in alleviating patient 
symptoms.158 A thorough ultrasound examination should 
be performed initially to fully characterize the symptom-
atic cyst. If the cyst can be confidently characterized as 
benign with no worrisome features, aspiration can be 
performed. Some recommend obtaining preprocedural 
serum tumor markers to help exclude malignancy.159 
Using either a transabdominal or an endovaginal 
approach, a 20-gauge or 22-gauge needle can be used to 
aspirate the cyst completely, with 100% relief in one 
series.158 Fluid should be sent for appropriate studies, 
including cytology. Recurrence of the cyst may be seen 
in 11% to 26% of patients.160,161
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POSTTRANSPLANT 
LYMPHOPROLIFERATIVE 
DISORDER

Organ transplantation is the preferred treatment for 
patients with end-stage liver, renal, and pancreatic 
disease. Patients with fulminant liver failure have no 
other treatment option apart from orthotopic liver trans-
plantation. Although patients with renal or pancreatic 
failure may be treated with dialysis or medical therapy, 
their long-term survival and quality of life are far supe-
rior with organ transplantation. Recent improvements in 
graft survival have been attributed to a combination of 
better donor-recipient matching,1 more effective immu-
nosuppressive therapy, improvements in surgical tech-
nique, and early recognition of transplant-related 
complications. These improvements have resulted in a 
1-year patient survival rate of over 80% for each of these 
organ transplants.2,3

Because the clinical presentation of posttransplant 
complications varies widely and is often nonspecific, 
imaging studies are essential for monitoring the status of 
the allograft. If diagnosis is delayed, the function of the 
allograft may be permanently compromised, and in 
severe cases with complete loss of function, retransplan-
tation may be warranted. However, the chronic shortage 
of suitable donor organs may delay or preclude immedi-

ate retransplantation, with devastating clinical conse-
quences. Therefore, preservation of the allograft function 
and early detection of complications, with institution of 
appropriate treatment, is essential in the clinical manage-
ment of these patients.

Ultrasound has revolutionized the practice of organ 
transplantation because gray-scale sonography permits 
optimal assessment of the textural and morphologic 
changes of the parenchyma, and color and spectral 
Doppler ultrasound permits evaluation of both paren-
chymal perfusion and the status of the major trans-
planted artery and vein. During routine transplant 
sonography, however, multiple artifacts are encountered 
that may be related to the intrinsic property of the struc-
ture or the scanning technique. Differentiation of these 
pseudolesions from true pathology depends on an under-
standing of the physical basis of the artifact; awareness 
of the spectrum of ultrasound appearances of common 
transplant-related complications is requisite knowledge. 
This chapter focuses on the ultrasound appearances of 
the normal organ transplant, acute and chronic trans-
plant-related complications, and potential errors of 
interpretation that can lead to misdiagnoses.
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minimal flow, a donor iliac artery interposition graft may 
be anastomosed directly to the supraceliac or infrarenal 
aorta.7

The portal vein anastomosis is usually end to end 
between the donor and recipient portal veins. In cases of 
extensive recipient portal vein thrombosis, a venous 
jump graft from the donor portal vein or the iliac vein 
may be used, or as a last resort, an anastomosis between 
both the portal vein and the hepatic artery of the donor 
and the arterial vessels of the recipient.7,8

During hepatectomy, the inferior vena cava (IVC) 
of the recipient usually is transected above and below the 
intrahepatic portion. The donor IVC is then anasto-
mosed with two end-to-end suprahepatic and infrahe-
patic anastomoses. In an attempt to preserve the recipient 
retrohepatic IVC, some techniques advocate creation of 
an anastomosis between the donor and recipient IVC in 
an end-to-side or side-to-side configuration (“piggyback” 
anastomosis) or an end-to-end anastomosis between the 
donor IVC and a common stump of the three hepatic 
veins.7

The donor and recipient common bile duct are 
usually anastomosed end to end, after cholecystectomy. 
With this technique the sphincter of Oddi is preserved 
and acts as a barrier to the spread of infection. A T-tube 
is typically left in situ for about 3 months and permits 
access for cholangiography or other biliary procedures.

When the recipient common hepatic duct is diseased 
(e.g., sclerosing cholangitis), too short, or too narrow  
in diameter, a choledochojejunostomy is performed.7 

LIVER TRANSPLANTATION

From 1988 to 2008 in the United States, 91,861 
patients underwent liver transplantation.4 One-year sur-
vival in liver transplant patients is approximately 87%, 
with 1-year graft survival of 80.3%. Patients are selected 
for transplantation when their life expectancy without 
transplantation is less than their life expectancy after the 
procedure. Hepatitis C is the most common disease 
requiring transplantation, followed by alcoholic liver 
disease and cryptogenic cirrhosis. Other end-stage 
liver disorders treated by transplantation include 
chronic cholestatic diseases, such as primary biliary 
cirrhosis and primary sclerosing cholangitis; metabolic 
diseases, including hemochromatosis and Wilson’s 
disease; and other hepatitides, such as autoimmune 
hepatitis, chronic hepatitis B, and acute liver failure. 
Patients with end-stage hepatitis B cirrhosis were  
initially regarded as poor transplant candidates because 
of the high recurrence of infection in the implant,  
associated with rapid progression to cirrhosis. The use 
of hyperimmunoglobulins and nucleoside analogs  
has changed these expectations to a more favorable 
outcome.5

Most centers consider transplantation only in patients 
with early-stage hepatocellular carcinoma (HCC) or 
rarely neuroendocrine metastasis. The generally 
accepted guidelines for transplantation in patients with 
HCC are the Milan criteria of (1) no lesion greater than 
5 cm in diameter or (2) no more than three lesions 
greater than 3 cm in diameter.5,6

Contraindications for liver transplantation include 
compensated cirrhosis without complications, extrahe-
patic malignancy, cholangiocarcinoma, active untreated 
sepsis, advanced cardiopulmonary disease, active alco-
holism or substance abuse, or an anatomic abnormality 
precluding the surgical procedure. Although portal vein 
thrombosis is not an absolute contraindication to liver 
transplantation, its presence makes the surgery more 
complex, and posttransplantation patients show higher 
morbidity and mortality rates.5

Surgical Technique

Traditionally, most adult liver transplants involve 
explantation of the recipient liver and replacement with 
a cadaveric allograft. The surgery requires four vascular 
anastomoses (suprahepatic/infrahepatic vena cava, 
hepatic artery, portal vein) as well as a biliary anasto-
mosis (Fig. 17-1).

The hepatic artery is reconstructed with a “fish-
mouth” anastomosis between the donor celiac artery  
and either the bifurcation of the right and left hepatic 
arteries or the branch point of the gastroduodenal  
and proper hepatic arteries of the recipient. When the 
native hepatic artery is small in diameter or shows 

FIGURE 17-1. Normal liver transplant: surgical 
approach. The transplanted liver shows four vascular anasto-
moses and a biliary anastomosis. The inferior vena cava (IVC, 
blue) is transplanted with a suprahepatic and infrahepatic anasto-
mosis. An end-to-end anastomosis is often used for the common 
bile duct (CBD, green) and portal vein (PV, purple), whereas the 
hepatic artery (HA, red) is reconstructed with a fish-mouth 
anastomosis.
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Normal Liver Transplant Ultrasound

The normal liver transplant has a homogeneous or 
slightly heterogeneous echotexture on gray-scale ultra-
sound, appearing identical to a normal, nontransplanted 
liver. In the early postoperative period, there is usually a 
small amount of free intraperitoneal fluid or small, peri-
hepatic seromas or hematomas, which tend to resolve 
within 7 to 10 days.

The biliary tree should have a normal appearance, 
with an anechoic lumen and thin, imperceptible walls. 
If a T-tube is in situ, the adjacent duct wall may appear 
mildly prominent secondary to irritation and edema. 
Ideally, the biliary anastomosis (end to end or biliary 
enteric) should be visualized and inspected for changes 
in caliber or wall thickness.

Pneumobilia is often observed in patients with cho-
ledochojejunostomy and appears as bright, echogenic 
foci with or without posterior acoustic shadowing in the 
bile duct lumen. The disappearance of previously docu-
mented pneumobilia should alert the sonographer to 
possible interval development of a biliary stricture at the 
biliary-enteric anastomosis. In addition, the sonographer 
should be aware that intraductal biliary air may be 
confused with tiny biliary stones or adjacent hepatic 
arterial calcifications because these structures can appear 
identical on gray-scale imaging (Fig. 17-2).

Vascular patency of the transplanted vessels (hepatic 
artery, portal vein, hepatic veins, IVC) is assessed by (1) 
direct inspection for narrowing of the diameter, (2) pres-
ence of thrombus within the vessel lumen, and (3) docu-
mentation of normal spectral waveforms with appropriate 
directional flow. Particular attention should be paid to 
the anastomotic regions because these areas have a higher 
propensity to develop a hemodynamically significant ste-
nosis compared with the remaining vessel. Because intra-
hepatic segmental stenoses or occlusions can develop, the 
hepatic artery and main portal vein, as well as their major 

This procedure involves an end-to-side anastomosis 
between the donor bile duct and a 40-cm recipient 
jejunal loop. It is associated with a higher risk of bile 
leaks, bleeding, and recurrent cholangitis compared with 
an end-to-end anastomosis.

The growing discrepancy between the number of 
patients awaiting transplantation and the lack of avail-
able cadaveric donor organs has led to a progressive 
increase in the number of living related donor trans-
plantations. The recipient liver is replaced with the right 
lobe of a living donor. In the pediatric population, the 
lateral segment of the left lobe or the entire left lobe has 
been used successfully; the relative small size of the left 
lobe is not sufficient, however, to sustain adequate liver 
function in an adult. Another advantage of using a right 
lobe (vs. left lobe) as the donor portion for transplanta-
tion is the relative ease of positioning the right lobe in 
the right subphrenic space, allowing a technically less 
challenging hepatic venous anastomosis, with a decrease 
in the incidence of torsion, compared with left lobe 
grafts.9

For living related transplants, donor surgery consists 
of cholecystectomy followed by right hepatectomy, 
removing segments V, VI, VII, and VIII as well as the 
right hepatic vein. Occasionally an extended right hepa-
tectomy may be done to include a portion of segment 
IV and the middle hepatic vein. However, most surgeons 
prefer not to remove the middle hepatic vein, but to 
leave it intact in the donor because of the intimate rela-
tionship of the middle and left hepatic veins near their 
drainage into the IVC.9

Regardless of the type of liver transplantation, routine 
imaging evaluation of each anastomosis must be assessed 
with gray-scale ultrasound, color Doppler, and spectral 
Doppler interrogation. To interpret the gray-scale 
appearance and Doppler features of these anastomotic 
regions, the sonographer should be aware of the surgical 
techniques used in liver transplantation.

A B C

FIGURE 17-2. Echogenic foci in liver transplant. Transverse sonograms show similar bright echogenic foci with posterior 
acoustic shadowing secondary to A, intrahepatic calcification; B, hepatic arterial calcifications; and C, pneumobilia.
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Biliary Strictures

Early diagnosis of biliary tree complications may be dif-
ficult because transplant recipients do not typically expe-
rience colic; the transplanted liver has a poor supply of 
nerves.13 Therefore, patients with biliary strictures may 
be asymptomatic or may present with painless obstruc-
tive jaundice or abnormalities in liver function tests 
(LFTs).11 These strictures can be categorized based on 
location and pathophysiology as anastomotic (extrahe-
patic) and intrahepatic strictures (Fig. 17-4).

Anastomotic strictures are the most common cause 
of biliary obstruction after transplantation14,15 and arise 
from postsurgical scarring, resulting in retraction of the 
duct wall and narrowing of the luminal diameter.16 
These strictures are more common in patients with a 
Roux-en-Y choledochojejunostomy than in patients with 
an end-to-end biliary anastomosis. On ultrasound, a 
focal narrowing can sometimes be observed at the anas-
tomoses, associated with dilation of the intrahepatic bile 
ducts, with a normal-sized or near-normal-sized distal 
common bile duct (CBD).

Intrahepatic strictures occur proximal to the anasto-
mosis and may be unifocal or multifocal. The arterial 
supply of the distal CBD (recipient duct) is rich because 
of prominent collateral flow, whereas the reconstructed 
hepatic artery is the only blood supply to the proximal 
CBD and intrahepatic bile ducts (donor ducts).11,17 
Therefore, most intrahepatic duct strictures result from 
ischemia caused by hepatic artery occlusion (throm-
bosis or significant stenosis). In rare cases, biliary  
ischemia may also be caused by prolonged cold preser-
vation time of the donor organ.16,18 Other causes of 
intrahepatic strictures include immunogenic injury pro-

right and left branches, should be interrogated with color 
and spectral Doppler.

The normal hepatic artery shows a rapid systolic 
upstroke, with an acceleration time (AT; time from end 
diastole to first systolic peak) of less than 100 cm/sec, 
and continuous flow throughout diastole, with a resistive 
index (RI) of 0.5 to 0.7 (Fig. 17-3, A). A normal portal 
vein is typically smooth in contour, has an anechoic 
lumen, and may show a subtle change in caliber at the 
surgical anastomosis. The portal veins show continuous, 
monophasic, hepatopetal flow with mild velocity varia-
tions caused by respiration (Fig. 17-3, B). The Doppler 
appearance of the hepatic veins shows a phasic wave-
form, reflecting physiologic changes in blood flow during 
the cardiac cycle (Fig. 17-3, C).

Biliary Complications

Biliary tract complications are a significant cause of mor-
bidity and mortality in 15% to 30% of patients with 
orthotopic liver transplantation and may be seen in up 
to 25% of all transplant patients.10-12 Complications 
related to biliary-enteric anastomoses usually present 
within the first month of surgery and include anasto-
motic breakdown, bleeding, and an increased risk of 
ascending cholangitis from bacterial overgrowth. Cho-
ledochocholedochostomy-related complications most 
frequently present after the first posttransplantation 
month and are often managed by endoscopic retrograde 
cholangiopancreatography (ERCP).11 Regardless of the 
type of anastomoses used, biliary tract complications can 
be broadly classified as those related to leaks, strictures, 
intraluminal sludge or stones, dysfunction of the sphinc-
ter of Oddi, and recurrent disease.

A B C

FIGURE 17-3. Normal liver transplant: color and spectral Doppler. Color and spectral Doppler images of normal A, 
hepatic artery; B, main portal vein; and C, right hepatic vein. (From Crossin J, Muradali D, Wilson SR. Ultrasound of liver transplants: 
normal and abnormal. Radiographics 2003;23:1093-1114.)
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epithelium. In this scenario the intraluminal echogenic 
material represents a combination of biliary sludge or 
stones, sloughed biliary epithelium, and intraluminal 
hemorrhage16 (Fig. 17-5).

Bile Leaks

The incidence of bile leaks in patients with cadaveric 
liver transplants is 5.3% to 23%. The biliary complica-
tion rate may be significantly higher in living related 

duced by chronic rejection, recurrent sclerosing cholan-
gitis, ascending cholangitis, and cytomegalovirus (CMV) 
infections.

Ultrasound findings include focal areas of narrowing 
in the intrahepatic or proximal CBD and segmental  
dilation of the intrahepatic bile ducts, without evidence 
of an obstructing mass. The presence of echogenic  
intraluminal material within a dilated biliary tree is  
an ominous sign, sometimes caused by severe biliary 
ischemia, resulting in sloughing of the entire biliary  

A B

D E F

G H

C

FIGURE 17-4. Bile duct: strictures in four patients. Patient 1: A, Gray-scale sonogram of common bile duct (CBD) shows 
anastomotic stricture (arrows), which is confirmed on B, endoscopic retrograde cholangiopancreatography (ERCP; arrows). Patient 2: 
C, Gray-scale sonogram shows grossly thickened CBD walls (arrows), secondary to ascending cholangitis, a consequence of an anastomotic 
stricture; D, correlative ERCP shows anastomotic stricture (arrows). In both ERCP images the CBD distal to the stricture appears dilated 
because of the pressure of contrast injection during the procedure. Patient 3: E, Transverse sonogram shows central biliary dilation (arrows). 
F, Magnetic resonance cholangiopancreatography (MRCP) radial image shows anastomotic stricture (arrow). Patient 4: G, Transverse 
sonogram, and H, radial T2-weighted MRCP image, show left intrahepatic bile duct stricture (between arrows), secondary to ischemia 
from hepatic artery stenosis. (A and B from Crossin J, Muradali D, Wilson SR. Ultrasound of liver transplants: normal and abnormal. Radio-
graphics 2003;23:1093-1114.)
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FIGURE 17-5. Bile duct: ischemia secondary to hepatic artery thrombosis in two patients. Patient 1: Transverse 
sonograms of A, right, and B, left, hepatic lobes show dilated intrahepatic bile ducts (arrows) with intraluminal echogenic material second-
ary to sloughed mucosa. C, Correlative contrast-enhanced computed tomography (CT) scan shows high-density material within the dilated 
intrahepatic bile ducts. Patient 2: D, Transverse sonogram of ischemic common bile duct (arrows) shows intraluminal echogenic material 
secondary to blood and sloughed mucosa. E, Corresponding CT scan shows intraluminal debris extending into the central intrahepatic 
bile ducts (arrows).
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Recurrent Sclerosing Cholangitis

Recurrent sclerosing cholangitis occurs in up to 20% of 
recipients undergoing orthotopic transplantation for 
sclerosing cholangitis, with a mean interval of 350 
days.5,8,21 Ultrasound findings include diffuse mural 
thickening of the intrahepatic and common bile duct 
and diverticulum-like outpouchings of the CBD16,22 
(Fig. 17-7). Recurrent disease should be suspected in 
patients transplanted for end-stage primary sclerosing 
cholangitis presenting with biliary dilation and mural 
thickening in the presence of a normal hepatic arterial 
waveform.

Occasionally, patients with ascending cholangitis may 
present with an identical ultrasound appearance. Infec-
tious etiologies include both enteric flora and opportu-
nistic infections (e.g., CMV, Cryptosporidium).16

Biliary Sludge and Stones

Biliary sludge can be detected within the hepatobiliary 
tree in up to 10% to 29% of liver transplant patients, 
as early as 6 days or as late as 81

2 years after surgery. 
The pathogenesis of biliary sludge in these patients is 
uncertain, although it has been related to ischemia, 
infection, rejection, mechanical obstruction, biliary 
leaks, and presence of stents or T-tubes and is more 
common in patients with hepaticojejunostomy.13 Once 
in the donor or recipient biliary tree, sludge can cause 
biliary obstruction and life-threatening ascending chol-
angitis (Fig. 17-8). The detection of biliary sludge is an 
ominous sign that should prompt meticulous evaluation 
of the CBD to rule out an obstructing lesion or leak, 
evaluation of the hepatic artery to ensure an optimal 

transplant recipients, possibly because of (1) leaks caused 
by division of the liver at retrieval, (2) variant biliary 
anatomy resulting in more than one bile duct orifice at 
the resection margin, and (3) ischemia of the right biliary 
tree.19 Overall, biliary leaks can be categorized as occur-
ring (1) at the anastomotic site, (2) at the T-tube exit 
site, (3) as a result of bile duct necrosis, and (4) secondary 
to percutaneous liver biopsies20 (Fig. 17-6).

Most anastomotic leaks and T-tube exit site leaks 
occur within the first postsurgical month. Anastomotic 
leaks may be related to surgical technique or may result 
from ischemia caused by hepatic artery compromise. 
Clinically, anastomotic leaks are associated with bile 
peritonitis or intra-abdominal sepsis and may present on 
ultrasound as a large periportal collection, a subhepatic 
collection, or ascites. T-tube exit leaks are related to 
technical errors when placing the T-tube and are usually 
detected incidentally at cholangiography. The resulting 
biloma is usually small, and patients with these types of 
bile leaks are usually asymptomatic.20

Leaks from bile duct necrosis usually occur after the 
first postsurgical month and are a result of severe hepatic 
artery stenosis or hepatic artery thrombosis. This condi-
tion is often associated with progressive hepatic dysfunc-
tion, and a poor clinical course, eventually requiring 
retransplantation. On ultrasound, the biliary tree may be 
dilated, thick walled, and may communicate with mul-
tiple surrounding bilomas.20

In rare cases, bile leaks can occur as a result of bile 
duct injury from percutaneous liver biopsies. Bile may 
leak from the needle track into the peritoneal cavity. 
These leaks can resolve without treatment or may persist 
and become clinically noticeable if distal biliary obstruc-
tion is present.20

A B

FIGURE 17-6. Bile duct: anastomotic leak. A, Transverse sonogram, and B, correlative CT scan, show large biloma (B) abut-
ting the surgical margin of a living related donor transplant, secondary to anastomotic leak. The biloma exerts mass effect on the anasto-
mosis, producing intrahepatic bile duct dilation (arrows).
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FIGURE 17-7. Bile duct: recurrent sclerosing cholangitis in three patients. Patient 1: A and B, Transverse sonograms 
at different magnifications show diffuse thickening and beading of the common hepatic duct (arrows). Patient 2: C, Transverse sonogram 
shows grossly thick-walled common hepatic duct (arrows). Patient 3: D, Transverse sonogram shows stricture (arrow) in the mid common 
hepatic duct. E, Correlative MRCP image shows multifocal strictures in the intrahepatic and extrahepatic bile ducts, resulting in diffuse 
beading of the biliary tree. (A and B from Crossin J, Muradali D, Wilson SR. Ultrasound of liver transplants: normal and abnormal. Radio-
graphics 2003;23:1093-1114.)
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necrosis. Biliary necrosis is incompatible with graft sur-
vival and is an absolute indication for retransplantation, 
but uncomplicated biliary ischemia (i.e., no necrosis) 
may be reversible if hepatic arterial flow can be reinsti-
tuted.27 The detection of hepatic arterial dysfunction 
before the development of biliary necrosis is paramount 
in the management of liver transplant patients.

Hepatic Artery Thrombosis

Hepatic artery thrombosis is the most significant vascu-
lar complication of liver transplantation, with an inci-
dence of 2.5% to 6.8% and mortality as high as 35%.28 
If retransplantation is not performed for these patients, 
mortality can increase to 73%.29

The pathophysiology is often difficult to decipher. 
Risk factors include patients requiring complex vascular 
reconstruction (caused by multiple arterial supply to the 
liver or small donor and recipient vessels), rejection, 
severe stenosis, increased cold ischemic time of the donor 
liver, and ABO blood type incompatibility.8,30

After transplantation, the donor bile duct is entirely 
dependent on the transplanted hepatic artery, particu-
larly the right, for its arterial blood supply. Therefore, 
patients with hepatic artery thrombosis can present clini-
cally with delayed biliary leak, fulminant hepatic failure, 
or intermittent episodes of sepsis thought to be second-
ary to liver abscess formation within infarcted tissue.30 
However, the precise clinical presentation, imaging find-
ings, and patient outcome are related to the timing of 
thrombosis of the hepatic artery. Hepatic artery throm-
bosis occurring within 1 month of transplantation can 
be classified as early hepatic artery thrombosis. This is 
often associated with biliary tract necrosis, bacteremia, 
acute fulminant hepatic failure, and a high incidence of 
patient morbidity.29 Gray-scale sonography may show 
the hepatic artery at the porta hepatis, however, no flow 
is detected on color or spectral Doppler in the hilum or 
parenchyma.

Hepatic artery thrombosis occurring after 1 month of 
transplantation can be classified as late hepatic artery 
thrombosis. This is usually associated with a milder clini-
cal course, with patients remaining either asymptomatic 
for months to years or showing an insidious course even-
tually presenting with biliary tract complications, relaps-
ing fevers or bacteremia. It is thought that the 
development of collateral arterial vessels, as early as 2 
weeks after surgery, accounts for the survival of the trans-
plant in these patients. Although resection of all vascular 
connections in the transplant can hinder development of 
collateral circulation, arterial collateral vessels could 
develop from the angiogenic potential of the omentum 
and mesentery. On ultrasound, a tardus-parvus arterial 
waveform (RI <0.5; AT >100 msec) is detected within 
the hepatic parenchyma (Fig. 17-10). Within the hilum, 
no arterial flow is demonstrated, or if periportal arterial 
collaterals are present, a tardus-parvus waveform may be 

arterial supply, and a detailed clinical assessment to 
check for infection.

Intraductal stones are rare but may result from cyclo-
sporine-induced changes in bile composition inciting 
crystal formation in the CBD, with subsequent stone 
development. Other causes include retained donor 
stones and stones secondary to biliary stasis from 
mechanical obstruction (e.g., stricture, dysfunctional T-
tubes, mucocele formation in cystic duct remnant, 
kinking in redundant CBD)23-25 (Fig. 17-9).

Dysfunction of the Sphincter of Oddi

In a minority of patients who have undergone a biliary 
end-to-end anastomosis, hepatic dysfunction is observed 
in the presence of diffuse dilation of the donor and 
recipient bile ducts in the absence of biliary stenosis. The 
cause of this is uncertain but may be related to devascu-
larization or denervation of the ampulla of Vater, result-
ing in dysfunction of the sphincter of Oddi. Patients are 
usually treated with ERCP-guided sphincterotomy, 
which has been shown to normalize LFTs and decom-
press the biliary tree.11,14

Arterial Complications

At explantation, extrahepatic arterial vessels that supply 
the liver, such as the parabiliary arteries, are disrupted.26 
This results in the transplanted hepatic artery becoming 
the only arterial blood supply to intrahepatic biliary epi-
thelium. Any compromise of the hepatic arterial perfu-
sion can result in biliary ischemia and, potentially, biliary 

FIGURE 17-8. Bile duct: sludge. Oblique sonogram 
shows intraluminal sludge, secondary to ascending cholangitis, in 
the common bile duct (arrow), with extension into the right 
hepatic duct (arrowhead).
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FIGURE 17-9. Bile duct: stones. A, Sonogram, and B, correlative non-contrast-enhanced CT scan, show the presence of a 
large obstructing stone (arrow) in the common hepatic duct. C, Transverse sonogram shows an echogenic focus (arrow) consistent with 
an intraductal calculus in this patient with recurrent primary sclerosing cholangitis. D, Corresponding axial SPGR TI-weighted pre-
gadolinium-enhanced MR image shows intraductal high-frequency signal (arrow) consistent with a stone. E, Transverse sonogram at level 
of the common hepatic duct shows a nonshadowing echogenic focus (arrow) in the duct, consistent with a soft stone. F, Corresponding 
radial T2-weighted MR image shows a well-defined filling defect (arrow), confirming the presence of a calculus within the proximal 
common duct.
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FIGURE 17-10. Hepatic artery: thrombosis in three patients. Patient 1: A, Transverse sonogram shows a right lobe infarct 
appearing as a solid-cystic region (arrows), resulting from hepatic arterial thrombosis. B, Corresponding CT scan shows the infarct as a 
low-attenuating wedge-shaped region. C, On spectral Doppler, no flow could be detected in the main hepatic artery. A tardus-parvus 
waveform detected within the liver indicates an upstream hepatic arterial problem; in this case, hepatic artery thrombosis with collateral 
arterial vessels supplying the hepatic tissue. Patient 2: D, Transverse sonogram shows a greatly distended bile duct (arrows) with echogenic 
material within the lumen secondary to sloughed mucosa and blood. E, Corresponding CT scan shows dramatically dilated intrahepatic 
bile ducts (arrows). The biliary necrosis is less well appreciated on CT. F, Percutaneous cholangiogram shows contrast filling shaggy, 
intrahepatic ducts with multiple filling defects. The filling defects correspond to the sloughed biliary mucosa. Patient 3: G, Transverse 
sonogram demonstrates multiple collateral vessels (arrow) at the porta hepatis (P, main portal vein). H, Spectral Doppler sonogram within 
the liver shows a tardus-parvus waveform. I, CT angiogram shows occlusion of the hepatic artery (arrow) caused by acute thrombosis. 
Multiple arterial collateral vessels (arrowheads) are identified, as seen on G.
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sound to detect a focal region of color aliasing within the 
hepatic artery, which would indicate the presence of 
high-velocity turbulent flow produced by the stenotic 
segment. If the stenosis is hemodynamically significant, 
spectral tracing will reveal peak systolic velocity (PSV) 
of greater than 2 to 3 m/sec, with associated turbulent 
flow distally. Indirect evidence of hepatic artery stenosis 
includes a tardus-parvus waveform anywhere within the 
hepatic artery (RI <0.5; AT >100 msec). This waveform 
suggests the presence of a more proximally located ste-
notic region.27 Indirect evidence of stenosis is much 
more common in clinical practice than documentation 
of the stenosis itself (Figs. 17-11 and 17-12).

The presence of an intraparenchymal tardus-parvus 
waveform indicates alterations in the intrahepatic arterial 
bed from impaired arterial perfusion of the liver. 
Although is detected most often in patients with hepatic 
artery stenosis, tardus-parvus waveform may also result 
from collateral vessels arising from hepatic artery throm-
bosis or, less frequently, from severe aortoiliac athero-
sclerosis. Therefore, an intraparenchymal tardus-parvus 
waveform cannot distinguish between hepatic artery ste-
nosis and thrombosis if the hepatic arterial trunk is not 
visualized and meticulously interrogated.31

Mild degrees of hepatic artery narrowing may also be 
present without Doppler abnormalities. Therefore, if 
clinical suspicion is high, a normal Doppler study should 
not preclude further investigation with other cross- 
sectional techniques (e.g., CTA, formal angiography), 

detected. Therefore, demonstration of arterial flow in the 
hepatic parenchyma does not exclude the presence of 
hepatic arterial thrombosis, and meticulous inspection 
of the parenchymal waveform is warranted29,30 (Fig. 
17-10).

Occasionally, a false-positive diagnosis of hepatic 
artery thrombosis may occur with severe hepatic edema, 
systemic hypotension, and high-grade hepatic artery ste-
nosis.8 In situations with poor visibility of the porta 
hepatis because of abdominal girth or overlying bowel 
gas, lack of detectable flow within the hepatic artery 
should be viewed with caution and confirmed on com-
puted tomography angiography (CTA).

Hepatic Artery Stenosis

Hepatic artery stenosis has been reported in up to 11% 
of transplant recipients and most often occurs at, or 
within a few centimeters of, the surgical anastomosis. 
Risk factors for development of stenosis include faulty 
surgical technique, clamp injury, rejection, and intimal 
trauma caused by perfusion catheters.27 Clinically, 
patients may present with biliary ischemia or abnormal 
LFTs.

Doppler ultrasound may provide direct or indirect 
evidence of hepatic artery stenosis. Direct evidence 
involves identifying and localizing a hemodynamically 
significant narrowing within the vessel. The porta hepatis 
should be initially screened with color Doppler ultra-

A
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FIGURE 17-11. Hepatic artery stenosis: Doppler features. A, Intrahepatic spectral waveform, and B, hepatic artery wave-
form, at porta hepatis show a prolonged acceleration time and low resistance, a tardus-parvus waveform, suggesting an upstream problem. 
C, Spectral waveform at the anastomosis shows high-velocity flow greater than 400 cm/sec. The corresponding color Doppler sonogram 
shows aliasing as turquoise and yellow between the red and blue at the stenosis, with turbulence beyond.
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The etiology of this waveform is uncertain, although it 
may be related to older donor age or prolonged cold 
ischemic time of the graft. A high RI of the hepatic artery 
on Doppler assessment has no clinical relevance and 
should not be misinterpreted as a sign of a hepatic artery 
abnormality.32

Hepatic Artery Pseudoaneurysms

Hepatic artery pseudoaneurysms are uncommon com-
plications of transplantation (1%) and occur most fre-

although the stenosis, if detected, may be mild in these 
patients.

Elevated Hepatic Arterial  
Resistive Index

In the early postoperative period, a normal hepatic artery 
may display a high-resistance arterial flow (RI > 0.8) or 
a complete lack of flow in diastole (RI = 1.0) on Doppler 
interrogation. In these patients the flow within the 
hepatic artery usually returns to normal in a few days. 

A B
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FIGURE 17-12. Hepatic artery stenosis in two patients. Patient 1: A, Intraparenchymal spectral Doppler ultrasound shows 
a low-resistance waveform (RI = 0.4). B, Corresponding contrast-enhanced CT angiogram shows subtle stenosis of the proximal hepatic 
artery (arrow). Patient 2: C, Intraparenchymal spectral Doppler shows a tardus-parvus, low-resistance waveform with a delayed acceleration 
time of 120 msec. D, Corresponding CT angiogram shows long stenosis of the hepatic artery (between arrows).
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Celiac Artery Stenosis

Celiac artery stenosis may be caused by atheromatous 
disease or impingement of the celiac axis by the median 
arcuate ligament of the diaphragm. If severe, celiac 
stenosis can result in decreased arterial flow to the 
allograft. Patients are often asymptomatic before trans-
plantation, presumably because of rich collateral net-
works, usually through the pancreaticoduodenal arcade. 
After transplantation, patients may become symptom-
atic, presenting with evidence of biliary ischemia and 
abnormalities in serum LFTs, a result of the greater flow 
demand imposed on the celiac artery by the newly trans-
planted liver.

Doppler ultrasound may be normal or may reveal a 
low-resistance tardus-parvus waveform in the trans-
planted hepatic artery and high-velocity jet across the 
celiac stenosis. Patients are treated with division of the 
median arcuate ligament or, in the case of atheromatous 
disease, an aortohepatic interposition bypass graft33,34 
(Fig. 17-14).

quently at the vascular anastomosis or as a result of prior 
angioplasty. Intrahepatic pseudoaneurysms are rare, 
usually peripherally located, and associated with percu-
taneous needle biopsies, infection, or biliary procedures. 
Intrahepatic aneurysms are often asymptomatic but can 
cause life-threatening arterial hemorrhage or, in mycotic 
pseudoaneurysms, produce fistulas between the aneu-
rysm and the biliary tree or portal veins.8 Extrahepatic 
pseudoaneurysms occur at the donor-recipient arterial 
anastomosis and may be caused by infection or technical 
failure.

Gray-scale ultrasound of hepatic artery pseudoaneu-
rysms shows a cystic (anechoic) structure, typically fol-
lowing the course of the hepatic artery, with intense 
swirling flow on color Doppler and a disorganized spec-
tral waveform (Fig. 17-13). Management options are 
dictated by the location of the pseudoaneurysm. Extra-
hepatic pseudoaneurysms may be treated by surgery, 
transcatheter embolization, or stent insertion, whereas 
intrahepatic pseudoaneurysms are often treated with 
endovascular coil embolization.
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FIGURE 17-13. Hepatic artery pseudoaneurysms in two patients. Patient 1: A, Gray-scale sonogram shows a small 
cystic mass close to the porta hepatis (arrowheads). B, Color Doppler ultrasound confirms vascularity within the pseudoaneurysm (arrow-
heads) arising from the hepatic artery (arrow). C, Corresponding enhanced CT scan confirms the pseudoaneurysm arising at the hepatic 
artery anastomosis. Patient 2: D, Transverse, and E, sagittal, sonograms show a midline oval-shaped mass (arrows). F, On color and spectral 
Doppler ultrasound, disorganized flow is identified in a portion of the mass, representing a partially thrombosed pseudoaneurysm. Arrows 
mark the thrombosed portion of the pseudoaneurysm. (A, B, and C from Crossin J, Muradali D, Wilson SR. Ultrasound of liver transplants: 
normal and abnormal. Radiographics 2003;23:1093-1114.)
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elevated portal vein anastomotic velocities greater than 
125 cm/sec, or a velocity ratio of 3 : 1 at the anastomosis, 
was greater than 95% specific for portal vein stenosis.

True portal vein stenosis must be distinguished from 
a pseudostenosis of the portal vein. This entity is seen 
when the recipient portal vein is larger than the donor 
portal vein and no associated differential gradient exists 
across the site of narrowing.

Portal vein thrombosis presents as echogenic solid 
material within the portal vein lumen (Figs. 17-16 and 
17-17). In the acute state the thrombus may be anechoic, 
making detection difficult on gray-scale ultrasound. In 
this scenario the thrombus is only evident by the lack of 
portal venous flow on color and spectral Doppler, 
emphasizing the necessity for careful gray-scale and 
Doppler assessment of the entire portal venous system. 
As with portal vein thrombosis in the native liver, the 
thrombus may decrease in size and eventually recanalize, 
showing multiple venous flow channels within the 
thrombus. Treatment of portal vein thrombosis or ste-

Portal Vein Complications

Portal vein stenosis or thrombosis is uncommon, with 
a reported incidence of 1% to 13%.30,35,36 Risk factors 
include faulty surgical technique, misalignment of 
vessels, excessive vessel length, hypercoagulable states, 
and previous portal vein surgery.30 Factors extrinsic to 
the portal vein may also contribute, such as increased 
downstream resistance caused by a suprahepatic stricture 
of the IVC or diminished portal venous blood flow. 
Clinical presentations include hepatic failure and signs 
of portal hypertension (gastrointestinal hemorrhage 
from varices or massive ascites).

Gray-scale ultrasound of portal vein stenosis may 
show narrowing of the vessel lumen, usually at the anas-
tomosis. Doppler interrogation shows a focal region of 
color aliasing, reflecting turbulent, high-velocity flow, 
with a threefold to fourfold velocity increase at the site 
of stenosis relative to the prestenotic segment on spectral 
interrogation (Fig. 17-15). Chong et al.37 showed that 
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FIGURE 17-14. Celiac artery stenosis: impinge-
ment by median arcuate ligament. A, Transverse sono-
gram shows narrowing of the celiac artery secondary to impingement 
by the median arcuate ligament (arrow). B, Spectral trace of the 
region of narrowing shows elevated peak systolic velocities of 
412 cm/sec. C, Spectral trace of left lobe intrahepatic arterial 
branch shows low-resistance tardus-parvus waveform. After surgi-
cal ligation of the median arcuate ligament, the spectral waveforms 
returned to normal.
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continue into the hepatic veins. In cases of recurrent 
HCC, tumor thrombus may extend from the hepatic 
veins into the IVC (Fig. 17-20).

Hepatic Vein Stenosis

Hepatic vein stenosis occurs with a frequency of 1% in 
orthotopic liver transplant and 2% to 5% in living 
donor transplants. This discrepancy in frequency rate 
is primarily related to different surgical techniques. In 
orthotopic liver transplants, an anastomosis is performed 
between the donor and recipient IVC without touching 
the hepatic veins. In living donor transplants, however, 
the donor hepatic vein is anastomosed to either the 
hepatic vein stump or the IVC of the recipient. This 
results in the hepatic veins being rigidly fixed in position, 
such that any movement of the graft produces a buckling 
and narrowing of the hepatic veins. In addition, progres-
sive growth of partial liver grafts after surgery may result 
in stretching or twisting of the hepatic veins, further 
contributing to narrowing of the venous outlet.39,40

Clinically, hepatic vein stenosis may present with  
liver congestion, hepatomegaly, ascites, and pleural effu-
sions. Hepatic venous obstruction in the early postop-
erative state is a surgical emergency, and reoperation is 
usually necessary for correction or for retransplantation, 

nosis includes thrombectomy, segmental portal vein 
resection, percutaneous thrombolysis, stent placement, 
and balloon angioplasty.

Inferior Vena Cava Complications

Stenosis of the IVC is a rare complication of liver trans-
plantation and may occur at the suprahepatic or infra-
hepatic anastomosis. IVC stenosis occurs more frequently 
in pediatric recipients and patients undergoing retrans-
plantation.38 Causes of IVC stenosis include anastomotic 
discrepancy, IVC kinking, fibrosis, or neointimal hyper-
plasia. On gray-scale ultrasound, the IVC may show 
obvious narrowing at the site of anastomosis, associated 
with a focal region of aliasing on color Doppler. On 
spectral interrogation, a threefold to fourfold greater 
velocity gradient is observed across the stenosis com-
pared with the prestenotic segment. The hepatic veins 
may show reversal of flow or may lose their normal 
phasicity, with a monophasic waveform8 (Figs. 17-18 
and 17-19).

Thrombosis of the IVC has been reported in less than 
3% of recipients and is caused by technical difficulties at 
surgery, hypercoagulable states, or compression from 
adjacent fluid collections.26,38 Gray-scale ultrasound 
shows echogenic thrombus within the IVC that may 
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FIGURE 17-15. Portal vein stenosis: anastomotic stricture. A, Gray-scale sonogram of main portal vein shows narrowing 
at the anastomosis (arrowhead). B, Color Doppler shows aliasing at the region of stenosis caused by high-velocity turbulent flow. 
C, Spectral Doppler shows velocities of 32.8 cm/sec proximal to the stenosis. D, Velocities at the stenosis are elevated at 156 cm/sec. 
E, Poststenotic high-velocity turbulent flow is identified, measuring 120.1 cm/sec. F, Beyond the turbulent flow, velocities of 53 cm/sec 
are obtained. This represents a threefold increased velocity gradient across the anastomosis, indicating that the stenosis is hemodynamically 
significant.
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FIGURE 17-16. Portal vein: bland thrombus in two patients. Patient 1: A, Transverse sonogram, and B, corresponding 
contrast-enhanced CT scan, show nonocclusive thrombus in the main portal vein (arrows). Patient 2: C, Sagittal sonogram, and D, cor-
responding contrast-enhanced CT scan, show occlusive thrombus in the main portal vein (arrows).
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FIGURE 17-17. Portal vein: malignant thrombus in two patients. Patient 1: A, Transverse sonogram of malignant 
thrombus (arrows) in right portal vein, with B, extension into main portal vein (arrow). C, Triphasic CT scan of the liver shows the 
recurrent hepatocellular carcinoma (arrows) that accounts for the portal vein thrombus. Patient 2: D, Transverse sonogram demonstrates 
malignant thrombus in the main portal vein (arrows). The background liver is extremely abnormal, with a large echogenic mass (arrow-
heads). E, Portal venous phase of a triphasic CT confirms recurrent hepatocellular carcinoma (arrowheads) accompanied by expansile, 
enhancing malignant thrombus in the main portal vein (arrows). (A, B, and C from Crossin J, Muradali D, Wilson SR. Ultrasound of liver 
transplants: normal and abnormal. Radiographics 2003;23:1093-1114.)
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Direct signs of hepatic vein stenosis include focal nar-
rowing on gray-scale ultrasound associated with turbu-
lent flow on color and spectral Doppler interrogation 
(Fig. 17-21). A persistent, monophasic spectral wave-
form is suggestive of, but not diagnostic of, hepatic vein 
stenosis; monophasic waveforms may also be present in 
normal, nonobstructed hepatic veins. However, the pres-
ence of a triphasic or biphasic waveform rules out sub-
stantial hepatic vein stenosis.40

Extrahepatic Fluid Collections

Perihepatic fluid collections and ascites are frequently 
observed after transplantation. In the early postoperative 
period, a small amount of free fluid or a right pleural 
effusion may be observed, but these usually resolve in  
a few weeks. Fluid collections and hematomas are 
common in the areas of vascular anastomosis (hepatic 
hilum and adjacent to IVC) and biliary anastomosis, in 
the lesser sac, and in the perihepatic and subhepatic 
spaces.7 Because the peritoneal reflections surrounding 
the liver are ligated at transplantation, fluid collections 
can occur around the bare area of the liver, a location 
not encountered in the preoperative liver5 (Fig. 17-22).

Ultrasound is highly sensitive in detecting these fluid 
collections, although it lacks specificity because bile, 
blood, pus, and lymphatic fluid may all have a similar 
sonographic appearance. The presence of internal echoes 
in a fluid collection, although nonspecific, suggests blood 
or infection. Particulate ascites may also be observed in 
peritoneal carcinomatosis, although this would seem less 
likely in the transplant recipient population.5

if substantial hepatic necrosis has occurred. Late-onset 
hepatic venous obstruction may be associated with a 
more insidious deterioration in liver function. These 
patients may benefit from metallic stent insertion or 
balloon venoplasty, because surgical correction is often 
difficult as a result of fibrotic changes around the anas-
tomotic sites.39,40

A B

FIGURE 17-18. Inferior vena cava (IVC) infrahepatic anastomosis: normal and abnormal in two patients. 
Sagittal sonograms of IVC show A, a normal caliber at the anastomosis (arrows), and B, narrowing at the anastomosis (arrows).

FIGURE 17-19. IVC suprahepatic anastomotic 
stricture. Sagittal color Doppler sonogram of a stenosed 
segment of the IVC shows aliasing produced by high-velocity 
turbulent flow in both the IVC and the hepatic vein. Spectral 
tracing shows a greater than threefold velocity increase at the 
stenotic region (left arrow).
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FIGURE 17-20. IVC thrombosis in three patients. A, Transverse, and B, sagittal, sonograms show malignant IVC and hepatic 
vein thrombus (arrows) in a patient with recurrent hepatocellular carcinoma after transplantation. C, Transverse sonogram of the hepatic 
veins, and D, sagittal sonogram of IVC, show bland thrombus (arrows) in each; A, ascites. E, Sagittal sonogram, and F, corresponding 
contrast-enhanced CT scan, show bland thrombus in the IVC (arrows). (A and B from Crossin J, Muradali D, Wilson SR. Ultrasound of 
liver transplants: normal and abnormal. Radiographics 2003;23:1093-1114.)
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Intrahepatic Fluid Collections

Sterile postoperative fluid collections are often located 
along the falciform ligament and ligamentum venosum, 
usually appearing as fluid-filled anechoic structures  
surrounding the echogenic ligaments (Fig. 17-24). 
Bilomas may present as a hypoechoic, round structure 
or a complex cyst. Intraparenchymal hematomas may 
result from the transplant surgery, percutaneous biopsy 
or may be a sequela of donor trauma (e.g., motor vehicle 
crash).

Adrenal Hemorrhage

Right-sided adrenal hemorrhage may be observed in  
the immediate postoperative period and results from  
(1) venous engorgement caused by ligation of the  
right adrenal vein during the removal of a portion of  
the IVC or (2) a coagulopathy caused by the patient’s 
preexisting liver disease.26 On ultrasound, adrenal 
hemorrhage may present as a hypoechoic nodular struc-
ture or as a fluid collection in the right suprarenal region 
(Fig. 17-23).

A B

C

FIGURE 17-21. Hepatic vein stenosis. A, Color 
Doppler, and B, correlative CT scan, show focal narrowing 
(arrow) of the right hepatic vein at junction with IVC. C, Spec-
tral Doppler shows monophasic flow in the right hepatic vein.
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diagnosed with accompanying Doppler evidence of 
hepatic arterial compromise.

As with infarcts, the ultrasound appearance of a liver 
abscess also varies with its maturation. The classic 
appearance of a mature transplant liver abscess is a 
complex, cystic structure with thick, irregular walls and 
particulate internal fluid, with or without associated 
septations.

Both infarcts and abscesses may contain bubbles of 
air, occurring as bright echogenic foci with or without 

Abscess versus Infarct

In the early stages, it may be difficult to differentiate a 
liver abscess from an infarct. Initially, both abscesses and 
infarcts may appear as a subtle, hypoechoic region, asso-
ciated with a localized coarsening of the parenchymal 
echotexture. Infarcts may subsequently organize into 
avascular round or wedge-shaped lesions, which can 
eventually develop central hypoechoic areas reflecting 
liquefaction and necrosis. A focal liver infarct should be 

A B C

FED

IHG

FIGURE 17-22. Extrahepatic fluid collection. A to D, Hematoma at surgical margin of a right lobe in living related transplant. 
A, Transverse sonogram shows acute hematoma that appears echogenic, heterogeneous, and solid. B and C, Hematoma liquefies after 3 
weeks, with internal strands and a fluid-debris level. D, After 2 months, further liquefaction of the hematoma appears as a smaller, anechoic 
collection. Arrows mark boundary of hematomas with liver. E, Sagittal sonogram shows hemoperitoneum around spleen (S), with fluid-
fluid level and internal strands. F and G, Anastomotic leak from roux-en-Y. Transverse sonogram and correlative CT scan show large 
fluid collection in the left lower quadrant. H and I, Biloma secondary to anastomotic leak. Sagittal sonogram and transverse sonogram 
show complex subphrenic echogenic collection (arrows).
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For example, benign lesions, such as hemangiomas and 
cysts, are relatively common in the transplanted liver, 
with the same range of appearances as described for the 
native liver. However, several pathologies unique to the 
transplanted liver may also present with a solid or 
complex mass on gray-scale ultrasound, including 
infarcts (Fig. 17-26), abscesses, hematomas, recurrent/
metastatic HCC, and posttransplant lymphoproliferative 
disorder.

Recurrent hepatocellular carcinoma is a serious 
complication that can potentially develop posttransplan-
tation in patients with a preoperative history of end-stage 

posterior acoustic shadowing (Fig. 17-25). Occasionally, 
bubbles of air within the lumen of an intraparenchymal 
abscess can be confused with benign pneumobilia or may 
be mistaken for air outside the liver within the gastroin-
testinal tract. A high index of suspicion is critical in 
patients at risk for either abscess or infarct to avoid these 
misinterpretations.

Intrahepatic Solid Masses

The differential diagnosis of a solitary mass in the  
transplanted liver is similar to that in the native liver. 

A B

FIGURE 17-23. Right adrenal hemorrhage. A, Sagittal sonogram, and B, CT scan, show a small right adrenal mass (arrows).

A B

FIGURE 17-24. Intrahepatic fluid collection. A, Transverse, and B, sagittal, sonograms show anechoic fluid surrounding 
echogenic falciform ligament (arrowheads).
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RENAL TRANSPLANTATION

Transplantation is the treatment of choice for many 
patients with chronic renal failure (CRF) severe enough 
to warrant dialysis. The only contraindications for trans-
plantation are unsuitability for general anesthesia or 
surgery, preexisting infection or malignancy, and a risk 
of recurrent renal disease (e.g., active vasculitis or oxalo-
sis). Before transplantation, a suitable donor must be 
obtained with appropriate human lymphocyte antigen 
(HLA) matching with the recipient.42

cirrhosis with known or occult hepatomas. The most 
common site of recurrent HCC is the lung, presumably 
caused by embolization with tumor cells through the 
hepatic veins before or during transplantation. The 
second most common location of recurrent hepatomas 
is within the allograft, followed by regional or distant 
lymph nodes. Early detection of recurrent hepatomas 
in the transplanted liver is essential to facilitate early 
resection, ablation, or chemotherapy26,41 (Fig. 17-27). As 
in the general population, transplant recipients might 
develop any type of primary or secondary neoplasm 
within the liver.
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FIGURE 17-25. Liver infections in three patients: solitary abscess. A to C, Air-containing abscess (arrows) in segment 
IV of liver. A, Transverse ultrasound; B, CT scan; and C, plain film show air within the abscess, on ultrasound appearing as an echogenic 
interface associated with dirty shadowing. D to F, Multifocal abscess. D, Transverse, and E, sagittal, sonograms show multiple small 
parenchymal collections (arrows). F, Corresponding CT scan shows subtle rim enhancement (arrow). G to I, Ascending cholangitis. G, 
Transverse sonogram shows increased periductal echogenicity (arrows) of a right intrahepatic bile duct. H, Oblique sonogram shows 
thickening of the common hepatic duct, with increased echogenicity of the periductal fat (arrows). I, T1-weighted contrast-enhanced MR 
image shows periductal enhancement (arrows).
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ostium. Alternatively, multiple arteries may be anasto-
mosed as a Carrel patch, or anastomosed separately to 
the external iliac artery.43,44

The donor renal vein is almost always anastomosed 
end to side to the external iliac vein. In the case of mul-
tiple renal veins, the smaller veins are usually ligated, 
resulting in a single donor vein.44

The ureter is usually anastomosed to the superolateral 
wall of the urinary bladder through a neocystostomy. 
Several techniques are used to create a neocystostomy, 
but the basic procedure involves tunneling the ureter 
through the bladder wall to prevent reflux to the trans-
plant. For patients undergoing repeat surgery on the 
collecting system and those with complex surgeries,  
the recipient’s ureter may be used as a conduit to the 
bladder43 (Fig. 17-28).

Because of the chronic shortage of donor organs, 
paired cadaveric kidneys from young (<5 years old) 
donors may be transplanted en bloc in an attempt to 
provide a functional renal mass, analogous to the renal 
mass of a single cadaveric kidney transplanted from an 
adult. At harvesting, both kidneys are removed en bloc 
with preservation of the ureters, main renal arteries and 
veins, as well as segments of the suprarenal and infrarenal 
abdominal aorta and IVC. The donor aorta and IVC are 
oversewn just cephalad to the origin of the renal arteries 
and veins, and the caudal ends anastomosed end to side 
to the recipient’s external iliac artery and vein. The 
donor ureters are implanted into the urinary bladder 
through individual or common ureteroneocystosto-
mies.45 This surgery is more common in the pediatric 
population than in adults (Fig. 17-28).

Normal Renal  
Transplant Ultrasound

Gray-Scale Assessment

Sonography of the renal transplant is usually easily per-
formed because of the superficial location of the kidney 

As the number of patients with CRF continues to rise, 
the major limitation for expanding transplant programs 
is the continuing shortage of suitable donor kidneys. 
This organ shortage has resulted in an increasing number 
of renal transplantations from living related donors. 
These donors may include family members or close 
friends with a long-standing relationship with the recipi-
ent. The average life expectancy for a cadaveric allograft 
is 7 to 10 years, whereas that for a live donor allograft is 
15 to 20 years.42

Regardless of whether a cadaveric or live donor 
allograft is used, the cost-benefit of a functioning suc-
cessful transplant far outweighs that of a patient with 
persistent CRF, so multiple health care resources are 
targeted to ensure that high rates of success. Ultrasound 
is the most valuable noninvasive imaging modality in 
monitoring the renal transplant.

Surgical Technique

Detailed sonography of the renal transplant requires 
knowledge of the surgical procedure used in most insti-
tutions as well as the postsurgical anatomic relationships. 
The right or left lower quadrant is selected for the inci-
sion, based on the patient’s prior surgical history and the 
surgeon’s preference. Usually, the right lower quadrant 
is selected because the right iliac vein is more superficial 
and horizontal on this side of the pelvis, facilitating 
creation of a vascular anastomosis.43,44

The type of arterial anastomosis used depends on 
whether the allograft is cadaveric or living related and on 
the number and size of donor renal arteries. In patients 
with cadaveric transplants, the donor artery, along with 
a portion of the aorta (Carrel patch) is anastomosed end 
to side to the external iliac artery. In patients with living 
donor transplants, the donor renal artery is anastomosed 
to either the internal iliac artery (end to end) or the 
external iliac artery (end to side) of the recipient. Mul-
tiple donor arteries of similar size may be joined together 
with a side-to-side anastomosis to form a common 
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FIGURE 17-26. Atypical infarct. A, Transverse sonogram shows an atypical infarct (arrow) appearing as a round mass associated 
with a surrounding hypoechoic halo. B, Correlative CT scan shows that the infarct (arrow) is avascular, with a surrounding parenchymal 
blush. (From Crossin J, Muradali D, Wilson SR. Ultrasound of liver transplants: normal and abnormal. Radiographics 2003;23:1093-
1114.)
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FIGURE 17-27. Recurrent hepatocellular carcinoma (HCC) in two patients. Patient 1: A, Transverse sonogram shows 
two malignant-appearing masses (arrows) secondary to recurrent HCC. B, Correlative arterial phase CT scan shows peripheral enhance-
ment of the masses (arrows). C, Sagittal sonogram shows a third HCC in the medial segment of the left lobe (arrow) and a large metastatic 
lymph node (L). D, Transverse midline sonogram shows multiple enlarged metastatic lymph nodes. Patient 2: E, Sagittal sonogram shows 
solid mass (arrow) with echogenic and hypoechoic regions. F, Correlative arterial phase CT scan shows hypervascular masses (arrows), 
consistent with recurrent hepatocellular carcinoma. (A to D from Crossin J, Muradali D, Wilson SR. Ultrasound of liver transplants: normal 
and abnormal. Radiographics 2003;23:1093-1114.)
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the donor kidney. In our clinical practice, we have 
observed a host of donor pathologies in the transplanted 
kidney, including benign cysts, angiomyolipomas, and 
medullary sponge kidney (Figs. 17-30 and 17-31).

Doppler Assessment

Color Doppler gives a global assessment of the intrapa-
renchymal perfusion and is useful in localizing the main 

in either the right or the left lower quadrant. Because the 
allograft is held in place by its pedicle, a variety of ori-
entations may be encountered. Most often, the kidney 
is aligned with its long axis parallel to the surgical inci-
sion, with the hilum oriented inferiorly and posteriorly. 
Occasionally, in obese patients, the long axis may lie in 
an anterior-to-posterior plane.46

Longitudinal and transverse (width × depth) measure-
ments of the transplant should be obtained with the 
kidney imaged through the hilum in the sagittal and 
transverse planes, respectively. Although there are no 
normative data for comparison, these measurements serve 
as a useful baseline for future reference to assess for inter-
val changes in volume of the allograft. The normal kidney 
may hypertrophy by up to 15% within the first 2 weeks 
after surgery, and eventually may increase in volume by 
40%, with the final size attained at about 6 months.47-49

The transplanted kidney appears morphologically 
similar to the native kidney, with many of the subtle 
differences attributed to the improved resolution from 
proximity of the allograft to the skin surface (Fig. 17-29). 
The normal renal cortex is well defined, hypoechoic, and 
easily differentiated from the highly reflective, central 
echogenic renal sinus fat. Apart from this improved cor-
ticomedullary differentiation, the renal pyramids of the 
allograft are more easily visualized than in the native 
kidney, appearing as wedge-shaped structures that are 
hypoechoic to the surrounding parenchyma.42

The sonographer should always be aware that the 
transplanted kidney might show intrinsic pathology in 

A B
FIGURE 17-28. Renal transplant surgery: A, Single cadaveric transplant. The main renal artery (red arrow) and main renal vein 
(purple arrow) are anastomosed to the external iliac artery and vein, respectively. The ureter (black arrow) is anastomosed to the superolateral 
bladder wall. B, Double cadaveric transplant. The aorta (A) and IVC (C) are anastomosed to the external iliac artery and vein, respectively. 
The ureters (black arrows) are anastomosed to the superolateral bladder wall.

FIGURE 17-29. Normal gray-scale ultrasound of 
renal transplant.
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common iliac artery is normal, the velocity of the trans-
planted main renal artery should be less than 200 cm/
sec (Fig. 17-32). An intraparenchymal RI of 0.8 to 0.9 
is considered equivocal, and greater than 0.9 is classified 
as abnormal, suggesting increased intraparenchymal 
resistance. Overall, an elevated resistive index is a non-
specific marker of transplant dysfunction and is not 
helpful in determining the cause of the dysfunction50 
(Fig. 17-33).

The intraparenchymal and extraparenchymal renal 
veins show either monophasic continuous flow or pha-

renal artery and vein. The renal parenchyma should be 
screened initially with color Doppler to check for focal 
regions of hypoperfusion and locate the interlobar arter-
ies for spectral interrogation.42

Spectral traces of the interlobar arteries should  
be obtained from the upper-pole, middle-pole, and 
lower-pole regions with low filter settings, maximal gain, 
and the smallest scale demonstrating the peak systolic 
velocity. The normal waveform is low impedance with a 
brisk upstroke and continuous diastolic flow; RI of  
0.6 to 0.8 is normal. Provided that flow in the recipient 
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FIGURE 17-30. Benign renal cysts in four patients. Sagittal sonograms of transplant kidneys. A, Simple upper-pole cyst, 
which is avascular on color Doppler ultrasound. B, Upper-pole cyst with a single thin strand. C, Milk of calcium cyst with dependent 
calcification. D, Marsupialized renal cyst (arrows) presenting as an echogenic mass.
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tive complications have been reported in up to 20% of 
renal transplant recipients.44 When encountered in a 
graft with a clinical suspicion of dysfunction, the sonog-
rapher should approach the possible etiologies in terms 
of (1) parenchymal pathology, (2) prerenal causes, and 
(3) postrenal complications. Parenchymal transplant 
pathology includes acute tubular necrosis, acute and 
chronic rejection, and infection. Prerenal problems 
include all factors affecting blood flow to the kidney or 
venous drainage from the graft. Postrenal complications 
include intrinsic or extrinsic lesions that can obstruct 
either a component of the calyceal system or the trans-
planted ureter.

sicity with the cardiac cycle. There are no accepted 
normal peak velocity values for these vessels. Documen-
tation of the presence or absence of flow within the 
transplant and main renal vein, with an appropriate 
velocity gradient across the venous anastomosis, is of 
prime importance in the management of these patients.

Abnormal Renal Transplant

Renal transplants are routinely evaluated with sonogra-
phy as either a component of a screening protocol or a 
workup for renal dysfunction based on a rising serum 
creatinine level or a decreased urine output. Postopera-
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FIGURE 17-31. Donor pathology in four patients. Sagittal sonograms of transplant kidneys. A, Nephrocalcinosis with cal-
cifications in the renal medulla. B, Tiny angiomyolipoma (arrow); L, lymphocele. C, Anderson-Carr morphology with echogenic borders 
around the medullary pyramids. D, Midpole scar (arrow).
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malaise, fever, and graft tenderness. Provided that the 
diagnosis can be rapidly established, acute rejection 
usually can be promptly reversed with high-dose steroids 
or antibiotic therapy.42,52

The imaging features of ATN and acute rejection are 
almost identical on gray-scale and Doppler ultrasound. 
Both conditions can produce increases in length and 
cross-sectional areas of the allograft. However, precise 
volumetric comparisons between interval studies can 
prove difficult; subtle changes in measurements have not 
been adopted as a strong clinical sign of potential dys-
function. Other gray-scale findings include increased 
cortical thickness, increased or decreased cortical echo-
genicity, reduction of the corticomedullary differentia-
tion, loss of the renal sinus echoes, and prominence of 
the pyramids (Fig. 17-34).

Color Doppler assessment may be normal or may 
occasionally show diffuse decreased blood flow. The 
resistive index of the intraparenchymal arteries is also 
nonspecific in these conditions and may be normal or 
elevated. In severe cases, there may be a complete lack 
of flow in diastole or a reversal of diastolic flow42 (Fig. 
17-35). Despite the lack of specificity of gray-scale and 
Doppler ultrasound in these acute conditions, serial 
spectral Doppler measurements, in combination with 
clinical assessments and biochemical findings, provide a 
useful guide to the clinician in terms of monitoring the 
allograft function and in determining the need for per-
cutaneous biopsy.

Chronic Rejection

Chronic rejection is defined as a reduction in allograft 
function starting at least 3 months after transplantation 
in association with fibrous intimal thickening, interstitial 
fibrosis, and tubular atrophy on histology. It is the most 
common cause of late graft loss. The most frequent 
predisposing risk factor for development of chronic 
rejection is recurrent previous episodes of acute rejec-
tion.42,43 On ultrasound, there is progressive thinning of 
the renal cortex, prominence of the central renal sinus 
fat, and a reduction in the overall size of the transplant. 
Dystrophic calcifications may be seen scattered 
throughout the residual parenchyma. In the end-stage 
renal transplant, the entire renal cortex can become calci-
fied, appearing as a sharp echogenic interface associated 
with clean distal shadowing (Fig. 17-36).

Infection

Transplant pyelonephritis can result from an ascending 
infection, hematologic seeding, or contiguous spread 
from an adjacent infected fluid collection. Ultrasound 
findings include a focal or diffusely granular, echogenic 
renal cortex associated with loss of the corticomedullary 
junction; increased echogenicity and thickening of the 
perirenal fat secondary to extension of inflammation or 

Parenchymal Pathology

Acute Tubular Necrosis and  
Acute Rejection

Acute tubular necrosis (ATN) results from donor organ 
ischemia either prior to vascular anastomosis or second-
ary to perioperative hypotension. It is most common in 
the early postoperative period and is the major cause of 
delayed graft function (defined as the need for dialysis 
within the first week of transplantation).43,51 In patients 
requiring dialysis, recovery is usually in the first 2 weeks 
of transplantation but may be delayed by up to 3 months. 
ATN occurs in most cadaveric grafts and is observed 
infrequently in living related renal transplants because of 
the relatively short cold ischemic time of the donor 
kidney.42

Transplants affected by hyperacute rejection are 
rarely imaged because graft failure occurs immediately at 
the vascular anastomosis during surgery.43 Acute rejec-
tion occurs in up to 40% of patients in the early trans-
plant period, peaking at 1 to 3 weeks after surgery, and 
is an adverse long-term prognostic indicator. Most 
patients with acute rejection are asymptomatic, but a 
small proportion may present with flulike symptoms, 

FIGURE 17-32. Normal renal transplant Doppler. 
Color Doppler shows flow throughout kidney (top). Intrarenal 
spectral traces of upper, middle, and lower poles show a resistive 
index of less than 0.8 and continuous flow throughout diastole. 
The main renal artery shows continuous flow with peak velocities 
less than 200 cm/sec (bottom).
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FIGURE 17-33. Elevated resistive indices in two patients. A to C, Acute rejection. A, Sagittal sonogram shows increased 
cortical echogenicity. B, Spectral Doppler ultrasound done initially shows no flow in diastole and thus a resistive index (RI) of 1.0. 
C, Follow-up spectral Doppler ultrasound 1 week later shows reversal of flow in diastole, which coincided with the clinical deterioration 
of the patient. D to F, Collecting system obstruction. D, Sagittal scan shows grade 3 pelvocaliectasis, secondary to ureteral stricture 
(not shown). E, Spectral Doppler shows RI of 1.0. F, Spectral Doppler ultrasound performed after resolution of the pelvocaliectasis shows 
a normal RI of 0.72.
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Once the lumen becomes filled with purulent material, 
low-level echoes develop within the calyceal system and 
ureter, sometimes associated with fluid-debris levels. 
Echogenic material within the collecting system may also 
result from intraluminal blood or other filling defects, or 
it may be artifactual as a result of scatter or side-lobe 
artifact (Fig. 17-37).

Abscesses can arise from infection of a previously 
sterile collection. On ultrasound, abscesses appear as a 
complex cystic structure and may be associated with 
fluid-fluid levels or intraluminal air (Fig. 17-38).

Air can be observed within the collecting system in 
emphysematous pyelonephritis, appearing as a bright 
echogenic focus with distal dirty shadowing. Milk of 
calcium cysts can produce dirty shadowing, mimicking 
an intrarenal abscess. Scanning the patient in a decubitus 
position allows for differentiation; air rises to the non-
dependent portion of the lumen, whereas milk of calcium 
does not (Fig. 17-39).

Prerenal Vascular Complications

Arterial Thrombosis

Renal artery thrombosis occurs in less than 1% of trans-
plants, usually within the first month of surgery, and is 
often initially asymptomatic. The most common cause is 
hyperacute or acute rejection, which results in occlusion 
of the intraparenchymal arterioles with retrograde main 
renal artery thrombosis. Other predisposing factors 
include a young pediatric donor kidney, atherosclerotic 
emboli, acquired renal artery stenosis, hypotension,  

infection into the surrounding tissue; and uroepithelial 
thickening (Fig. 17-37).

Pyonephrosis may occur occasionally in a chronically 
obstructed transplanted kidney. In the early stages, the 
lumen of the dilated collecting system appears anechoic. 

A B

FIGURE 17-34. Acute tubular necrosis. A, Sagittal, and B, transverse, sonograms show increased cortical thickness and echo-
genicity as well as loss of the normal corticomedullary differentiation.
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FIGURE 17-35. Intrarenal spectral waveforms in 
four patients. A, Normal waveform shows resistive index (RI) 
of 0.70. B, RI in a gray zone (0.85). C, RI elevated (1.0) with no 
flow in diastole. D, Elevated RI (>1.0) with reversal of flow in 
diastole. This is seen with severely increased vascular resistance in 
the kidney from rejection or renal vein thrombosis.
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FIGURE 17-36. Chronic renal failure in six patients. A and B, Cortical thinning. A, Sagittal scan shows moderate cortical 
thinning with abundant renal sinus fat. B, With progression, the kidney (arrows) becomes smaller and the cortex thinner. C to F, Dys-
trophic calcifications. Sagittal sonograms show C, a few punctuate peripheral cortical calcifications (arrows); D, multiple peripheral and 
central cortical calcifications (arrows); and E, linear calcifications that extend from the peripheral to deep cortex (arrows). F, The end-stage 
kidney becomes calcified, appearing as an echogenic interface (arrow) associated with dirty shadowing (arrowheads). The kidney is fre-
quently not identified on sonography at this stage.
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Segmental infarction of the allograft may occur in 
transplants with a single main renal artery with throm-
bosis of a major arterial branch (Fig. 17-40), in trans-
plants with multiple renal arteries where a single artery 
is thrombosed, and in patients with systemic vasculitis. 
On gray-scale sonography, a segmental infarct may 
appear as a poorly defined hypoechoic region, a 
hypoechoic mass, or a hypoechoic mass with a well-
defined echogenic wall. On Doppler sonography, the 
infarcted region appears as a wedge-shaped area devoid 
of flow on color or spectral interrogation.54 Interpreta-
tion of the gray-scale and Doppler findings should  
not be influenced by urine output of the allograft or 

vascular kinking, cyclosporine, hypercoagulable states, 
intraoperative vascular trauma, and poor intimal 
anastomosis.53

Global infarction of the allograft occurs when there 
is occlusive thrombosis of the main renal artery, with no 
perfusion to the renal parenchyma. On gray-scale ultra-
sound, the kidney may appear diffusely hypoechoic and 
enlarged. On color and spectral Doppler ultrasound, 
complete absence of arterial and venous flow distal to the 
occlusion, within both the hilar and the intraparenchy-
mal vessels, is observed. Although surgical thrombec-
tomy with arterial repair is often attempted, nephrectomy 
is frequently indicated in these patients.44
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FIGURE 17-37. Renal transplant related infections. A, Uroepithelial thickening. Sagittal sonogram shows mild uroepi-
thelial thickening (arrowheads). B, Sagittal scan shows mild uroepithelial thickening (arrows) surrounding a mildly dilated collecting system 
with internal echoes, secondary to early pyonephrosis. C, Transverse sonogram shows moderate to severe uroepithelial thickening (arrow), 
which can be misinterpreted as a mass in the renal pelvis. D to F, Focal pyelonephritis. D, Sagittal sonogram shows subtle, focal echo-
genic region in the upper-pole cortex (arrowheads). E, Intraparenchymal phlegmon appearing as a hypoechoic mass within the renal cortex 
(arrows). F, On color Doppler, the phlegmon seen in image E is vascular. G and H, Diffuse pyelonephritis. G, Transverse sonogram 
shows a generous kidney with echogenic granular renal cortex, surrounded by inflamed echogenic perinephric fat (F). H, Corresponding 
CT scan shows inflamed fat (F) as perinephric streaking. I, Emphysematous pyelonephritis. Sagittal sonogram shows air (arrows) within 
collecting system, appearing as bright, echogenic linear foci with distal dirty shadowing.
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FIGURE 17-38. Renal transplant related infections. A, Perirenal Candida abscess. Transvaginal ultrasound shows right 
adnexal abscess (A) with diffuse internal echoes in a patient presenting with right lower quadrant pain. B, Corresponding transabdominal 
sagittal scan shows that the abscess (A) abuts the lower pole of the transplant. C and D, Ureteritis. Sagittal sonograms of proximal (C) 
and midline (D) ureter show inflamed echogenic periureteral fat (arrows) secondary to an infected ureteral stent (arrowhead). E and F, 
Cystitis. E, Transverse sonogram shows internal echoes and fluid-debris level (arrow) in urinary bladder, secondary to cystitis. Bladder 
wall thickening (arrowheads) is identified on both ultrasound and F, corresponding CT scan.



674  PART II ■ Abdominal, Pelvic, and Thoracic Sonography

A B

C

FIGURE 17-39. Mimicker of emphysematous pyelonephritis. A, Emphysematous pyelonephritis. Transverse scan shows 
air in collecting system (arrow). B, Milk of calcium cyst. Supine sonogram shows layering of the calcification (arrowheads) in the cyst, 
producing dirty shadowing. C, Scanning this patient in a decubitus position changes the orientation of the layering of calcium to the most 
dependent portion of the cyst, allowing for differentiation from an air-filled collection.

A B C

FIGURE 17-40. Renal artery thrombosis. A, Sagittal sonogram shows normal gray-scale ultrasound on postoperative day 1. 
B, However, power Doppler shows no flow in the lower pole due to thrombosis of a segmental artery. C, Three months later, there is 
secondary scarring of the entire lower pole (arrow).
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cate the presence of high-velocity turbulent flow and 
serve as a guide for meticulous spectral interrogation. A 
spectral trace should then be performed at the anasto-
mosis and in any area where color aliasing was detected 
to determine the peak systolic velocity in that region. A 
PSV greater than 200 cm/sec, in the presence of distant 
turbulent flow, is suspicious for renal artery stenosis. 
However, high velocities in the renal artery may be sec-
ondary to changes in the external iliac artery. Therefore, 
the renal artery/external iliac artery PSV ratio may be 
calculated to determine if renal artery velocity measure-
ments are a result of narrowing or high flow rates from 
the external iliac artery. In addition, within the renal 
parenchyma, a tardus-parvus spectral waveform may be 
observed when interrogating the intraparenchymal arter-
ies in patients with renal artery stenosis.44,54 If no flow 
abnormality is detected within the main renal artery after 
color and spectral Doppler interrogation, significant ste-
nosis can be excluded.57

In summary, Doppler criteria for renal artery stenosis 
include color aliasing at the stenotic segment, PSVs 
greater than 200 cm/sec, distal turbulent flow, and a 
velocity gradient between the renal artery and external 
iliac artery greater than 2 : 1.

Intraparenchymal arterial stenosis may be observed 
in chronic rejection as a result of scarring in the tissues 
surrounding the involved vessels. On spectral Doppler 
ultrasound, a prolonged acceleration time may be 
observed in the segmental and interlobar arteries, with a 
normal main renal artery waveform.43

laboratory data, because segmental infarction may occur 
in the presence of preserved renal function.

The absence of blood flow on Doppler interrogation 
in the kidney parenchyma may be observed in conditions 
other than arterial thrombosis, including hyperacute 
rejection and renal vein thrombosis. In these condi-
tions, however, the main renal artery is patent on spectral 
Doppler ultrasound and may exhibit reversal of diastolic 
flow.42

Renal Artery Stenosis

Renal artery stenosis, the most common vascular  
complication of transplantation, occurs in up to 10%  
of patients within the first year and should be suspected 
in cases of severe hypertension refractory to medical 
therapy. Stenosis may occur in one of three regions of 
the transplanted artery: the donor portion (Fig. 17-41), 
most frequently observed in end-to-side anastomoses 
and thought to arise from either rejection or difficult 
surgical technique; the recipient portion (Fig. 17-42), 
which is more uncommon and usually the result of  
intraoperative clamp injury or intrinsic atherosclerotic 
disease; and at the anastomosis (Fig. 17-43), which is 
more frequent in end-to-end anastomoses and is directly 
related to surgical technique or may be secondary to 
rejection.53,55,56

Initially, color Doppler ultrasound should be used to 
detect the precise location of the anastomosis, as well as 
to document focal regions of aliasing, which would indi-
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FIGURE 17-41. Renal artery stenosis: donor portion. A, Color Doppler ultrasound of donor renal artery anastomosis shows 
focal area of aliasing (arrow). B, Power Doppler shows area of narrowing in this region (arrow). C, Spectral Doppler shows elevated angle-
corrected velocities at the site of the arrow, greater than 400 cm/sec.
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FIGURE 17-42. Renal artery stenosis: recipient portion. A, Color Doppler ultrasound shows focal area of aliasing (arrow) 
proximal to the renal artery anastomosis. B, Spectral Doppler of the region of aliasing seen in image A shows angle-corrected peak veloci-
ties of 400 cm/sec. C, Angiography shows a focal area of stenosis (arrow) arising from the external iliac artery. D, Angiogram performed 
after angioplasty shows resolution of the stenotic region (arrow).
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FIGURE 17-43. Renal artery stenosis: anastomosis. A, Color Doppler ultrasound shows focal area of narrowing and aliasing 
at the anastomosis (arrows). B, Spectral Doppler at the anastomosis shows elevated angle-corrected velocity of 775.4 cm/sec. C, Renal 
arterial angiogram confirms stenosis at the anastomosis (arrow). D, Angiogram performed after angioplasty shows resolution of the anas-
tomotic stenosis.

Treatment options for renal artery stenosis include 
percutaneous transluminal angioplasty, endovascular 
stent placement, and surgery. Surgical management of 
these transplants involves resection and revision of the 
stenosis with insertion of a patch graft at the stenotic 
segment.44

A false-positive Doppler diagnosis of renal artery 
stenosis may occur if there is an abrupt turn in the main 
renal artery, if the artery is severely tortuous, or if there 
are errors in Doppler technique (Fig. 17-44). Inadver-
tent compression of the main renal artery by the sonog-

rapher while performing spectral interrogation may also 
produce transient narrowing of the artery and elevated 
PSV readings.

Venous Thrombosis

Occlusive renal vein thrombosis is slightly more common 
than arterial thrombosis, occurring in up to 4% of trans-
plants, and is associated with acute pain, swelling of the 
allograft, and an abrupt cessation of renal function 
between the third and eighth postoperative day. Risk 
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FIGURE 17-44. Mimickers of renal artery stenosis. A, Abrupt turn in renal artery. On color Doppler ultrasound, aliasing 
is identified in this region (arrow), with peak systolic velocities of 429 cm/sec on spectral Doppler. B to D, Misaligned angle correction. 
B, Initial spectral Doppler shows elevated renal artery anastomotic velocity of 298 cm/sec. This elevated velocity reading is artifactual 
because the spectral angle correction is not aligned with the direction of the renal artery. C, Follow-up spectral Doppler ultrasound shows 
a normal renal artery velocity of 189 cm/sec, with appropriate angle correction in the direction of the artery. D, Renal angiogram confirms 
a normal renal artery (arrows) with no evidence of stenosis.

factors include technical difficulties at surgery, hypovo-
lemia, propagation of femoral or iliac thrombosis, and 
compression by fluid collections.53,58

On gray-scale ultrasound, the allograft may appear 
enlarged, and in rare cases, intraluminal thrombus may 
be detected in a dilated main renal vein or within the 
intraparenchymal venous system. More consistently, 
spectral and color Doppler ultrasound show a lack of 
venous flow in the renal parenchyma, absence of flow in 
the main renal vein, and reversal of diastolic flow in the 

main renal artery, as well as sometimes in the intrapa-
renchymal arteries59,60 (Fig. 17-45). The sonographer 
should be aware that reversal of flow in diastole in the 
main renal artery or the intraparenchymal arterial 
branches is highly suggestive of renal vein thrombosis 
only in the absence of venous flow in the renal parenchyma 
and main renal vein.

Reversed diastolic arterial flow, with preservation of 
venous flow, is a nonspecific finding indicating extremely 
high vascular resistance in the small intrarenal vessels or 
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hypoechoic, and on color Doppler, aliasing is identified 
at the stenotic region because of focal, high-velocity tur-
bulent flow. On spectral Doppler sonography, a three-
fold to fourfold increase in velocity across the region of 
narrowing indicates a hemodynamically significant ste-
nosis57 (Fig. 17-46).

Postrenal Collecting  
System Obstruction

Collecting system obstruction is unusual in renal trans-
plants, occurring in less than 5% of patients.43,57 Because 

main hilar vessels. The outcome for these patients is 
generally poor, with reported allograft loss rates of 33% 
to 55%. Potential causes of reversed diastolic flow in 
these patients include acute rejection, ATN, peritrans-
plant hematomas (compressing renal graft or hilar 
vessels) and glomerulosclerosis.61

Renal Vein Stenosis

Renal vein stenosis most often occurs from perivascular 
fibrosis or external compression by adjacent fluid collec-
tions. The renal cortex appears either normal or 
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FIGURE 17-45. Renal vein thrombosis. A, Sagittal sonogram shows increased cortical echogenicity with a coarse echotexture. 
B to D, Spectral Doppler ultrasound images of cortical arteries (B), renal sinus arterial branches (C), and main renal artery (D) show 
reversal of flow in diastole. No venous flow was detected in the transplant.
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the allograft is denervated, the collecting system dilates 
without clinical signs of pain or discomfort. The diag-
nosis is often made as an incidental finding on routine 
screening sonography or in the workup of the transplant 
patient for asymptomatic deterioration of renal function 
parameters.

The most common cause of ureteral obstruction is 
from ischemic strictures, usually involving the terminal 
ureter at the ureterovesical junction. The transplanted 
ureter is particularly susceptible to ischemic events 
because of its limited vascular supply from the renal 
artery. The ureterovesical junction is usually the region 
of most pronounced involvement because it is farthest 
anatomically from the renal hilum, where the ureteral 
branch originates.44 Other causes of ureteral obstruction 
include strictures from iatrogenic injury, intraluminal 
lesions (e.g., stones, blood clots, sloughed papillae), peri-
graft fibrosis, and ureteral kinking (Figs. 17-47 and 
17-48). Extrinsic compression of the ureter from peri-
transplant collections can also result in collecting system 
obstruction.

Evaluation of the collecting system with fundamental 
gray-scale imaging may be difficult because of side-lobe 

FIGURE 17-46. Renal vein stenosis. Color Doppler of 
renal vein anastomosis shows focal area of aliasing (white arrow). 
Spectral interrogation in region of aliasing shows velocities of 
200 cm/sec. Spectral interrogation proximal to aliasing shows 
velocities of 40 cm/sec (yellow arrow), indicating a hemodynami-
cally significant stenosis of the renal vein.
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FIGURE 17-47. Ureteral strictures. A, Sagittal sonogram, and B, percutaneous nephrostogram, show grade 3 pelvocaliectasis 
secondary to a stricture at the ureteropelvic junction (arrow). C, Sagittal sonogram shows grade 4 pelvocaliectasis. The distal ureter was 
not seen on ultrasound. D, Percutaneous nephrostogram shows a stricture at the ureterovesicular junction (arrow). E, Sagittal sonogram 
shows grade 3 pelvocaliectasis, produced by F, a stricture at the ureterovesicular junction (arrows); arrowheads, tiny nonobstructing stone; 
B, bladder; U, ureter.
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FIGURE 17-48. Multiple obstructing ureteral stones. 
A, Sagittal sonogram of the kidney shows grade 3 pelvocaliectasis. 
B, Sagittal sonogram of the distal ureter (U) shows multiple obstructing 
stones (arrows). C, Coronal CT scan shows multiple obstructing ureteral 
stones (arrows); K, kidney; B, bladder.

and scatter artifact, which can potentially obscure 
optimal evaluation of the calyceal system and ureter. 
Harmonic imaging, however, uses a narrower ultrasound 
beam with smaller side lobes and is less susceptible to 
scatter artifact. These parameters make harmonic imaging 
ideal for evaluating anechoic structures, such as the renal 
collecting system for regions of subtle dilation, and the 
presence of small intraluminal stones (Fig. 17-49).

Mild pelvocaliectasis may be secondary to nonob-
structive causes such as overhydration, decreased ureteric 
tone (from denervation of transplant), and ureteric-ves-
ical reflux or can occur transiently in the immediate 

postoperative period from perianastomotic edema.43,62 In 
addition, multiple parapelvic cysts can mimic a dilated 
collecting system (Fig. 17-50).

Arteriovenous Malformations  
and Pseudoaneurysms

Intraparenchymal arteriovenous malformations (AVMs) 
result from vascular trauma to both artery and vein 
during percutaneous biopsies and are usually asymptom-
atic with little clinical significance. Because most of these 
are small and resolve spontaneously, the precise inci-
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FIGURE 17-49. Harmonic imaging in two patients. A, Sagittal fundamental image shows barely detectable stones (arrows) 
and a dilated collecting system. B, Harmonic image shows improved resolution of stones (arrows), now seen associated with distal acoustic 
shadowing, within anechoic dilated collecting system. C, Fundamental image shows cortical cyst (arrowhead) with internal echoes and 
minimal through transmission. D, Harmonic image shows cyst (arrowhead) to be anechoic and simple, now associated with an appropriate 
amount of through-transmission.

dence of posttransplant AVMs is unknown, although 
rates of 1% to 18% have been reported. In rare cases, 
large AVMs may present with bleeding, high-output 
cardiac failure, or decreased renal perfusion caused by 
the large shunt. In these patients, treatment usually 
involves percutaneous embolization therapy.42

Gray-scale ultrasound may not reveal small AVMs. 
Color Doppler sonography shows a focal region of alias-
ing with a myriad of intense colors, often associated with 
a prominent feeding artery or draining vein. Turbulent 
flow within the AVM produces vibration of the perivas-
cular tissues, resulting in these tissues being assigned a 
color signal outside the borders of the renal vasculature. 
Spectral Doppler ultrasound is typical of that for all 
AVMs, with low-resistance, high-velocity flow and dif-

ficulty differentiating between artery and vein within the 
malformation. If a dominant draining vein is detected, 
the waveform may be pulsatile or arterialized53,62-64 
(Fig. 17-51).

On color Doppler ultrasound, focal regions of cortical 
dystrophic calcifications or small stones can mimic an 
AVM by producing an intense color signal known as a 
twinkling artifact.65 These artifacts can be differentiated 
from a true AVM on spectral tracing because both  
calcifications and stones produce characteristic linear 
bands on spectral interrogation. In our clinical experi-
ence, we have also observed a linear band of color pos-
terior to these regions of calcium that extend to the limits 
of the color box. We have not observed this pheno-
menon with AVMs and have found it a useful tool in 
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hilum, be assessed with color Doppler to exclude the 
possibility of a pseudoaneurysm.

Fluid Collections

Perinephric collections are demonstrated in up to 50% 
of transplant recipients.66,67 The most common collec-
tions include hematoma, urinoma, lymphocele, and 
abscess. The ultrasound appearances of these peritrans-
plant collections are often nonspecific, and clinical find-
ings are warranted to determine their etiology. However, 
the presence of air within a perirenal collection, without 
a history of recent percutaneous intervention, is highly 
suggestive of an abscess. The size and location of each 

differentiating vascular malformations from focal calcifi-
cations (Fig. 17-52).

Pseudoaneurysms result from vascular trauma to the 
arterial system during percutaneous biopsy or, more fre-
quently, occur at the site of the vascular anastomosis. 
Pseudoaneurysms may be intrarenal or extrarenal in loca-
tion (Figs. 17-53 and 17-54). On gray-scale sonography, 
pseudoaneurysms can mimic a simple or complex cyst. 
On color Doppler ultrasound, flow can easily be obtained 
in the lumen of patent pseudoaneurysms, often with a 
swirling pattern, whereas on spectral Doppler, a central 
to-and-fro waveform or a disorganized arterial tracing 
may be obtained.43 We suggest that any cyst identified 
in the renal parenchyma, or in the region of the 
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FIGURE 17-50. Parapelvic cysts versus pelvocaliectasis in two patients. Patient 1: Parapelvic cysts. A, Transverse, 
and B, sagittal, sonograms show multiple parapelvic cysts mimicking pelvocaliectasis. Patient 2: Grade 3 pelvocaliectasis mimicking 
parapelvic cysts. C, Sagittal sonogram shows multiple anechoic structures in the central aspect of the kidney, initially interpreted as 
multiple parapelvic cysts. D, Contrast-enhanced MRI shows contrast filling grossly dilated calyces (*). A single parapelvic cyst (arrow) is 
present.
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FIGURE 17-51. Arteriovenous malformations (AVM). A, Gray-scale ultrasound; AVM not detectable. B, Corresponding 
color Doppler image shows large AVM. C, Sagittal sonogram shows lower-pole AVM. D, Spectral Doppler of AVM in image C shows 
high-velocity, low-resistance waveform. E, Sagittal sonogram shows AVM with feeding vessel (arrow). F, Sagittal scan shows lower-pole 
AVM with surrounding tissue vibration.
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Lymphoceles result from surgical disruption of the 
iliac lymphatics and have been reported in up to 20%  
of patients. They most often occur 4 to 8 weeks after 
surgery but may develop years after transplantation. 
Although most are discovered incidentally and are 
asymptomatic, lymphoceles are the most common fluid 
collection to result in ureteric obstruction. Lymphoceles 
can become infected or can obstruct venous drainage, 
resulting in edema of the lower limb, scrotum, or labia.43 
Symptomatic collections are drained (surgically or per-
cutaneously) or undergo marsupialization. On sonogra-
phy, lymphoceles are well-defined collections that are 
anechoic or that may contain fine internal strands (Figs. 
17-58 and 17-59).

PANCREAS TRANSPLANTATION

Pancreatic transplantation is performed in select patients 
who have major complications related to type 1 diabetes. 
Pancreas transplant represents the only form of self- 
regulating endocrine replacement therapy, with more 
than 80% of recipients becoming free of exogenous 

collection should be documented on baseline scans 
because an increase in size may indicate the need for 
surgical intervention.

Postoperative hematomas are variable in size but are 
often small, perirenal in location, insignificant clinically, 
and resolve spontaneously.62 Their ultrasound appear-
ance depends on the age of the collection. Acutely, hema-
tomas appear as an echogenic heterogeneous solid mass. 
With time they liquefy, becoming a complex cystic struc-
ture with internal echoes, strands, or septations. Postbi-
opsy hematomas have a similar morphology as their 
postoperative counterparts (Figs. 17-55 and 17-56).

Urine leaks, or urinomas, have been reported in up 
to 6% of renal transplants and occur within the first 2 
weeks after surgery.42 They are usually secondary to 
either anastomotic leaks or ureteric ischemia. Rarely, 
urinomas can result from high-grade collecting system 
obstruction (Fig. 17-57). On sonography, urinomas 
are well defined and anechoic, may be associated  
with hydronephrosis, and in some cases can increase 
rapidly in size.54 Large urine leaks may result in wide-
spread extravasation and gross intraperitoneal urinary 
ascites.
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FIGURE 17-52. Arteriovenous malformation: mimicker. A to C, Sagittal sonograms show twinkling artifact produced by 
A, lower-pole dystrophic cortical calcification (arrow); B, upper-pole stone; and C, lower-pole stone. D to F, Differentiation from AVM. 
On D, color Doppler and E, power Doppler, color artifact (arrows) may be seen posterior to border of kidney. Size of twinkling artifact 
varies with size of the color box. F, On spectral Doppler ultrasound, the twinkling artifact shows linear bands as on these three spectral 
traces.
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FIGURE 17-53. Intrarenal pseudoaneurysms in two patients. Patient 1: A, Sagittal sonogram shows lower-pole anechoic 
structure, mimicking a simple cyst. B, On color Doppler ultrasound, however, swirling flow is identified in this structure, indicating that 
it represents a pseudoaneurysm. C, Spectral Doppler ultrasound shows disorganized swirling flow within the pseudoaneurysm identified 
on image B. Patient 2: D, Sagittal sonogram shows upper-pole anechoic structure. E, On color Doppler ultrasound, swirling flow is identi-
fied in the anechoic structure identified on image D (arrow). This is adjacent to a large central AVM. F, Spectral Doppler ultrasound 
shows disorganized flow in the pseudoaneurysm (yellow arrow) and low-resistance high-velocity flow in the central AVM (white arrow).
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recipient external iliac vein (systemic venous-endocrine 
drainage)68 (Fig. 17-60). The chronic loss of pancreatic 
secretions into the bladder can result in problems with 
dehydration, metabolic acidosis, local bladder irritation, 
and allograft pancreatitis.3

A more recent technique, exocrine enteric drainage, 
is becoming more widely utilized and involves anasto-
mosing the donor duodenum to a Roux-en-Y loop of 
jejunum. The endocrine drainage is either systemic 
(anastomosis of donor portal vein to right common iliac 
vein or distal IVC) or portal venous (anastomosis of 
donor portal vein to superior mesenteric vein) (Fig. 
17-61). This type of surgery provides a more physiologic 
transplant than the more traditional techniques and is 
not associated with dehydration or metabolic acidosis. 
In addition, it provides more appropriate glycemic 
control, with lower fasting insulin levels, and may be 

insulin requirements within 1 year of surgery. Since 1988 
in the United States, more than 15,000 kidney-pancreas 
transplants and 6000 pancreas transplants have been per-
formed, with 1-year patient survival greater than 90%.3,4

Surgical Technique

Since the first pancreas transplant was performed in 
1966, several surgical techniques have been described. 
The two most common pancreatic transplant surgeries 
involve transplantation of the entire gland, with an arte-
rial anastomosis to the recipient common iliac artery. 
However, the techniques differ primarily in their exo-
crine drainage.3,68

The more traditional surgery, exocrine bladder 
drainage, involves anastomosing the donor duodenum 
to the urinary bladder and the donor portal vein to the 

A B

C D

FIGURE 17-54. Extrarenal pseudoaneurysm of renal artery. A, Transverse sonogram shows anechoic structure adjacent 
to renal hilum. B, Color Doppler ultrasound shows that this structure contains swirling flow and represents a pseudoaneurysm. C, Spectral 
Doppler ultrasound shows disorganized internal flow within pseudoaneurysm. D, CT scan shows pseudoaneurysm arising from site of 
renal artery anastomosis.
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technique used, the position of the allograft in the 
abdomen at surgery, and the sites of vascular anastomo-
sis. This often entails a detailed review of the intraopera-
tive surgical notes or discussion with the surgeon before 
scanning the patient.

Systemic venous-bladder drainage transplants are 
usually located in the right lower quadrant and may show 
a diagonal or horizontal axis. Portal venous-enteric 
drainage transplants are usually in the right upper quad-
rant or right paramedian region with a vertical axis. In 

associated with a lower incidence of transplant rejection 
than the more traditional systemic venous-bladder drain-
age allografts.3,69 Table 17-1 shows the major differences 
between two types of pancreatic transplants (exocrine 
bladder drainage and exocrine enteric drainage).

Normal Pancreas  
Transplant Ultrasound

To perform an ultrasound assessment of a transplanted 
pancreas, the sonographer should be aware of the surgical 
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FIGURE 17-55. Renal transplant hematomas in two patients. A, Subcapsular hematoma secondary to biopsy. Sagittal 
sonogram shows acute hematoma appearing as solid heterogeneous structure. B, After 1 week, cystic regions develop within the hematoma. 
C, After 1 month, hematoma liquefies and is larger because of a hyperosmolar effect. D to F, Postoperative perirenal hematoma. D, 
Sagittal sonogram shows hematoma 1 day after surgery, appearing as a solid echogenic heterogeneous mass. E, Four weeks later, hematoma 
begins to liquefy, with interspersed solid components. F, Six weeks later, hematoma is almost completely liquefied; arrows mark the junc-
tion of the hematoma and renal cortex.

TABLE 17-1. SURGICAL TECHNIQUES FOR PANCREATIC TRANSPLANTATION

Systemic Venous-Bladder Drainage Portal Venous-Enteric Drainage

Location Right lower quadrant Right upper quadrant
Pancreatic orientation Head caudad Tail caudad
Arterial supply Y-shaped donor arterial graft anastomosed to recipient 

common iliac artery
Donor splenic artery to recipient common iliac artery

Venous drainage Donor portal vein is attached to external iliac vein Donor portal vein anastomosed to superior mesenteric vein
Endocrine drainage Systemic venous Portal venous
Exocrine drainage En bloc donor duodenal stump to recipient bladder Duodenal segment anastomosed to Roux-en-Y loop of jejunum

Text continued on p. 694.



Chapter 17 ■ Organ Transplantation  689

A B

DC

FIGURE 17-56. Atypical hematomas in two patients. Patient 1: A, Transverse sonogram shows an intraparenchymal hema-
toma presenting as an anechoic cyst with mildly irregular walls (arrow). B, Eight months later, the cyst resolves. Patient 2: C, Sagittal 
sonogram shows a hypoechoic solid-appearing mass (arrows) abutting the upper pole of the transplant kidney (K). D, Follow-up CT scan 
shows that this represents a hematoma (arrow).
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FIGURE 17-57. Urinoma secondary to high-grade uterovesical junction obstruction. A, Sagittal sonogram shows 
dilation of upper-pole calyx (arrow). B, Dilation eventually ruptures through the adjacent cortex (arrow). C, Obstruction forms a cortical 
defect (arrow) and subsequently a perinephric urinoma (U).
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FIGURE 17-58. Sterile lymphoceles in four patients. A, Sagittal sonogram shows large, simple lymphocele abutting the 
transplant. B, Sagittal scan shows small lymphocele (L) adjacent to the external iliac artery and vein. C, Anechoic lymphocele (L) causes 
obstruction of the midureter (arrow) and dilation of the calyceal system (C). D, Transverse sonogram shows septated perinephric 
lymphocele.
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FIGURE 17-59. Infected lymphoceles in five patients. Sagittal sonograms show infected lymphoceles with A, a few thin 
internal strands; B, multiple internal strands; C, internal strands, draining to the skin through a cutaneous fistula (arrow); D, thick septa-
tions and internal echoes; and E, internal echoes and punctate wall calcifications (arrows); L, lymphocele; K, kidney; A, ascites.
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A B

FIGURE 17-60. Pancreas transplant: systemic venous-bladder drainage (traditional surgery). A, Donor portal 
vein (purple) is anastomosed to the external iliac vein, and donor artery Y graft (coral arrow) to the external iliac artery. Duodenal stump 
(D) is anastomosed to the bladder (B). B, Sagittal sonogram shows duodenal stump anastomosed to the bladder (B); P, pancreas.

A B

FIGURE 17-61. Pancreas transplant: portal venous-enteric drainage (new technique). A, Donor portal vein 
(purple) is anastomosed to the superior mesenteric vein (blue), and donor artery (arrow) is anastomosed to the common iliac artery. Duo-
denal stump (D) is anastomosed to a Roux-en-Y (Y). B, Transverse sonogram shows pancreas transplant (P) with fluid-filled duodenal 
stump (D).
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preventing life-threatening sequelae, such as sepsis  
and cardiovascular collapse. Venous thrombosis, which 
occurs with an estimated incidence of 5%, is a particular 
concern because of the increased risk of hemorrhagic 
pancreatitis, tissue necrosis, infection, thrombus propa-
gation, and pulmonary embolism.71

Graft thrombosis can be categorized as early or late, 
depending on the time of diagnosis after surgery. Early 
graft thrombosis occurs within 1 month of transplanta-
tion and is secondary to either microvascular injury 
during preservation of the graft or technical error during 
surgery. Late graft thrombosis occurs 1 month after 
transplant surgery and is usually caused by alloimmune 
arteritis, in which gradual occlusion of the small blood 
vessels eventually culminates in complete proximal vessel 
occlusion.70 Other technical factors predisposing to graft 
thrombosis include coagulopathies, long preservation 
time, poor donor vessels, left-sided graft placement 
resulting in a deeper anastomosis, and the use of a venous 
extension graft.71

On ultrasound, occlusive or nonocclusive thrombus 
may be visualized within the lumen of the transplanted 
arteries or veins (Fig. 17-63). We have also observed 
several cases of thrombus occurring at the suture line of 
blind-ending arteries or veins (Fig. 17-64). On spectral 
Doppler, no arterial flow is detected in transplants with 
occlusive arterial thrombus. In grafts with occlusive 
venous thrombus, a lack of venous flow is detected on 
spectral tracing, with high-resistance arterial flow 
showing either no flow in diastole (RI = 1) or reversal of 
diastolic flow.71 Surgically ligated arteries containing 
thrombus may show a cyclic pattern of flow adjacent to 
the thrombus, which we presume is secondary to local 
eddy currents, with a normal arterial waveform more 
proximally.

Arteriovenous Fistula and 
Pseudoaneurysms

Arteriovenous fistulas and pseudoaneurysms are rare 
complications of pancreatic transplants and may be 
related to the blind ligation of mesenteric vessels along 
the inferior border of the pancreas during retrieval. In 
some patients, mycotic pseudoaneurysms may occur in 
the setting of graft infection.72

On gray-scale ultrasound, arterial malformations 
may not be detectable. On color Doppler sonography, 
however, a mosaic of intense colors may be identified, 
produced by the tangle of vessels within the malforma-
tion and adjacent tissue vibration. Spectral Doppler 
ultrasound reveals high-velocity, low-resistance flow 
within the lesion, which is typical of arteriovenous 
shunting (Fig. 17-65). On gray-scale ultrasound, pseu-
doaneurysms usually appear as anechoic spherical struc-
tures, although mural-based intraluminal thrombus may 
be detected. On spectral Doppler ultrasound, the classic 
to-and-fro pattern may be observed.

both cases the allograft may be difficult to visualize 
because of overlying bowel gas; however, meticulous 
scanning with intermittent compression of the overlying 
intraluminal gas is frequently successful in visualizing the 
transplant. In our experience, although the normal pan-
creatic transplant may be obscured, both inflammation 
of the graft and perigraft fluid collections facilitate pan-
creatic visualization.

The normal allograft retains its normal gray-scale 
morphology with well-defined margins; a homogeneous 
echotexture, isoechoic or minimally echogenic to liver; 
and a thin, nondilated pancreatic duct (Fig. 17-62). The 
peripancreatic fat shows a normal echogenicity. Occa-
sionally, a trace amount of peripancreatic fluid may be 
observed and usually resolves without complication. 
Color Doppler ultrasound is useful for locating the  
mesenteric vessels, particularly when the graft is poorly 
visualized because of overlying bowel gas. Spectral 
Doppler sonography of the normal graft shows continu-
ous monophasic venous flow and low-resistance arterial 
waveforms.

Abnormal Pancreas Transplant

Vascular Thrombosis

Graft thrombosis, including both venous and arterial 
thrombosis, occurs with a reported incidence of 2% to 
19% and is the second leading cause of transplant loss, 
after rejection. Pancreatic transplants are more vulnera-
ble to graft thrombosis than renal transplants because the 
rate of blood flow in the transplanted pancreas is slower 
than that in a transplanted kidney.70,71

Although the clinical signs and symptoms of graft 
thrombosis are nonspecific, detection of vascular throm-
bosis is imperative for both salvaging the transplant and 

FIGURE 17-62. Normal pancreas transplant. Gray-
scale ultrasound of pancreas transplant shows normal echogenicity 
and echotexture of allograft, with nondilated pancreatic duct 
(arrowheads).
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FIGURE 17-63. Graft thrombosis in different patients. A, Transverse sonogram; B, sagittal sonogram; and C, color Doppler 
image, show nonocclusive venous thrombus (arrows). D, Gray-scale ultrasound (arrow), and E, correlative CT scan (arrows), show nonoc-
clusive venous thrombus. F, Sagittal sonogram shows occlusive arterial thrombus (arrows). G, Sagittal sonogram; H, transverse sonogram; 
and I, color Doppler image, show nonocclusive venous (arrowhead) and arterial (arrow) thrombus in the same transplant.
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rejection. Although these elevated RIs may be sensitive, 
they are not specific in the detection of severe pancreatic 
transplant rejection.75

Pancreatitis

Almost all patients develop symptoms of pancreatitis 
immediately after surgery, presumably caused by preser-
vation injury and ischemia.76 Other causes of pancreatitis 
include partial or complete occlusion of the pancreatic 
duct, poor perfusion of the allograft, and in those patients 
with systemic venous-bladder drainage, reflux-related 
pancreatitis.73

The ultrasound appearance of pancreatitis in the 
allograft is similar to that of pancreatitis in the native 
gland (Fig. 17-67). Gray-scale findings include a nor-
mal-sized or bulky edematous pancreas, poorly defined 
margins, increased echogenicity of the peripancreatic fat 
secondary to surrounding inflammation, peripancreatic 
fluid, and thickening of the adjacent gut wall. In cases 
of pancreatitis resulting from ductal obstruction, a 
dilated pancreatic duct may be observed.73,76 In nonacute 
cases of pancreatitis, pseudocysts adjacent to or distal 
from the transplant may be identified, usually appearing 
as a complex cystic structure.

Fluid Collections

Peripancreatic transplant-related fluid collections may be 
associated with an increased likelihood of loss of allograft 
function and overall increased mortality and morbidity 
in the recipient. Early diagnosis and characterization of 
these collections are imperative, because treatment in the 
acute stages has been associated with improved graft 
function and decreased recipient morbidity.77

In the immediate postoperative period, peritransplant 
fluid may be caused by leakage of pancreatic fluid from 
transected ductules and lymphatics, an inflammatory 
exudate, blood, or urine (Fig. 17-68). These collections 
may require either close serial imaging follow-up or 
drainage, depending on the clinical status of the patient.

Duodenal leaks in systemic venous-bladder drain-
age transplants occur from dehiscence of the duodenal-
bladder anastomosis and result in the formation of 
urinomas, frequently at the medial aspect of the trans-
plant. Urinomas may also result from infection or necro-
sis of the graft.77

Duodenal leaks in portal venous-enteric drainage 
transplants occur at the blind end of the donor duode-
num or from the anastomosis with the recipient Roux-
en-Y loop. On ultrasound, gross ascites, duodenal wall 
thickening, or free intraperitoneal air may be observed 
in patients with breakdown of the duodenal anastomo-
ses. These leaks may result in overwhelming sepsis and 
can be life threatening. Furthermore, the presence of 
digestive enzymes in contact with the graft may lead to 
significant tissue necrosis.76

Rejection

Rejection is the most common cause of pancreatic graft 
loss after transplantation. Early recognition of transplant 
rejection remains a challenge because clinical parameters 
used to evaluate pancreas graft dysfunction have low 
sensitivity and specificity in detection of rejection. In 
particular, there is no individual biochemical marker that 
would permit acute rejection to be distinguished from 
vascular thrombosis or pancreatitis.

On gray-scale ultrasound, the allograft may appear 
hypoechoic or may contain multiple anechoic regions, 
and the parenchymal echotexture may be patchy and 
heterogeneous73,74 (Fig. 17-66). The utility of arterial 
resistive indices (RIs) as an indicator of rejection appears 
controversial. It has been shown that RIs of the arteries 
supplying the pancreatic transplant cannot differentiate 
allografts with mild or moderate rejection from normal 
transplants without rejection.75 The reason may be that 
the pancreatic transplant does not contain a discrete 
investing capsule, and therefore swelling from transplant 
rejection may not necessarily result in increased paren-
chymal pressures or elevated vascular resistance.76 Grossly 
elevated RIs greater than 0.8 have been observed in 
pancreatic allografts with biopsy-proven acute severe 

FIGURE 17-64. Thrombus adjacent to suture line. 
Echogenic thrombus (arrowhead) at suture line (small arrows) of 
blind-ending ligated artery. Spectral trace adjacent to thrombus 
shows to-and-fro waveform (bottom), whereas spectral trace (top) 
more distally is normal.
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FIGURE 17-65. Pancreas transplant arteriovenous malformation (AVM). A, Transverse gray-scale ultrasound shows 
no abnormality. B, Color Doppler ultrasound, however, shows an intense mosaic of color within the pancreas, secondary to a parenchymal 
AVM.

A B

FIGURE 17-66. Pancreas transplant rejection. A, Transverse sonogram shows hypoechoic pancreas (arrows). The pancreatic 
parenchyma is also atrophied. B, Oblique sonogram shows dilated pancreatic duct (D) secondary to surrounding parenchymal atrophy.
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FIGURE 17-67. Pancreatitis. A, Transverse, and B, oblique, images show bulky, edematous allograft. C, Oblique ultrasound shows 
echogenic inflamed peripancreatic fat (arrow). D, This appears as “stranding” in the peripancreatic fat on CT (arrow); P, pancreas 
transplant.
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FIGURE 17-68. Fluid collections. A to C, Hematoma. A, Sagittal, and B, transverse, sonograms show complex collection with 
internal echoes and strands. C, Correlative CT scan shows hematoma in left upper quadrant that extends to pancreas (P). D to I, Pseu-
docysts in three patients. Patient 1: D, Sagittal sonogram shows complex epigastric cyst with internal septation. Patient 2: E, Sagittal 
sonogram shows complex collection adjacent to pancreas (arrowheads). F, Correlative CT scan shows collection extending into pancreatic 
head (P) and associated with free fluid (arrows). Patient 3: G, Sagittal sonogram shows large pseudocyst with internal echoes surrounding 
pancreatic tail (P). H and I, Seroma. Transverse sonogram and correlative CT scan show large, anechoic cystic structure surrounding 
pancreatic body (P). The wall enhanced on CT scan. The collection was sterile on aspiration.
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Patients with pancreatic transplants are also suscepti-
ble to infection because of their immunosuppressive 
therapy, as well as their underlying diabetes mellitus. 
Abscesses are occasionally identified and are often associ-
ated with hematomas, urinary tract infections, and pan-
creatitis. Although gas within a fluid collection may 
indicate the presence of a gas-forming organism, bubbles 
of air within a collection may also result from the pres-
ence of a fistula or tissue necrosis in cases of vascular 
thrombosis. In the posttransplant period, the develop-
ment of a new collection or change in the sonographic 
morphology of the collection may result from a variety 
of etiologies, including infection; malfunction of the 
pancreatic duct, stent, or external drain; hemorrhage; or 
associated tissue infarction.77

Miscellaneous Complications

Other complications of pancreatic transplants include 
intussusception of the Roux-en-Y loop, small bowel 
obstruction from adhesions or adjacent graft pancreati-
tis, and panniculitis.

POSTTRANSPLANT 
LYMPHOPROLIFERATIVE 
DISORDER

Lymphoproliferative disorders represent a range of  
conditions that can occur in any patient with an underly-
ing primary or secondary immunodeficiency. Because 
patients with solid-organ transplants are chronically 
immunosuppressed, they are at risk for developing  
posttransplant lymphoproliferative disorder (PTLD). 
Regardless of the type of lymphoproliferative disorder 
affecting the patient, the pathogenesis of the condition 
is the same in all cases.78

Most patients with PTLD are actively infected with 
the Epstein-Barr virus, which induces proliferation of 
B lymphocytes. In the immunocompetent host, this 
B-cell proliferation is regulated by multiple mechanisms, 
many of which are mediated by T lymphocytes. However, 
if the host is immunosuppressed, with a deficiency in the 
T-cell defenses, proliferation of B cells may continue to 
produce a polyclonal or monoclonal lymphoproliferative 
disorder.78,79

Posttransplant lymphoproliferative disorder accounts 
for up to 20% of tumors in solid-organ transplantation.80 
The risk of development of PTLD, as well as the patient’s 
prognosis, is determined by the degree of immunosup-
pressive therapy rather than the type of drug used. The 
aggressive immunosuppressive therapy required to 
prevent heart-lung transplant rejection has resulted in a 
reported incidence of PTLD as high as 4.6% in these 
patients. However, the milder immunosuppression used 
in patients with liver transplant or renal transplant has 

resulted in a lower incidence of PTLD, reported as 2.2% 
and 1%, respectively.79,81

Although PTLD may occur as early as 1 month after 
transplantation, the type of immunosuppression used 
appears to have some relationship to onset of disease. If 
cyclosporine is the medication used, the average length 
of time for development of PTLD is 15 months, whereas 
for azathioprine, the average is 48 months.81,82

Lymphoproliferative disorders tend to develop in the 
allograft organ, presumably related to chronic antigenic 
stimulation from the graft tissue, which may attract the 
proliferating B lymphocytes to the region of the trans-
plant. PTLD also tends to arise in the lymphatic tissue 
in the periportal regions and around the anastomotic 
sites, occurring as masses that engulf and surround the 
hilar vessels in both liver and kidney transplants.78,81

In addition to affecting the allograft and surrounding 
tissues, PTLD has been described in almost all organ 
systems, with extranodal disease (81%) more common 
than lymphadenopathy (22%). The most frequent areas 
of involvement include the abdomen, thorax, cervical 
lymph nodes, and lymphatic tissue of the oropharynx. 
The liver is the most common site of intra-abdominal 
involvement, occurring in up to 69% of patients with 
PTLD. Enteric involvement typically involves the distal 
small bowel and proximal colon, with a propensity for 
ulceration and spontaneous perforation. In rare cases, 
intraosseous lesions may be present, with imaging fea-
tures on computed tomography (CT) and magnetic reso-
nance imaging (MRI) similar to metastatic disease, 
infection, or primary bone lymphoma. Overall, PTLD 
should be considered in the differential diagnosis of any 
transplant patient presenting with lymphadenopathy 
or a new lesion within a solid viscus or the skeletal 
system.78,81,83,84

On ultrasound, the masses produced by PTLD are 
usually hypoechoic or are of mixed echogenicity, with 
sizes ranging from 3 to 6 cm at diagnosis.81 Calci-
fications may be seen in the mass secondary to tumor 
necrosis or treatment. Masses that develop around  
the anastomotic site have the potential to encase  
the hilar vessels and extrinsically compress the trans-
planted artery and vein. Renal hilar masses may also 
obstruct the ureter, causing postrenal obstruction and 
necessitating placement of a drainage catheter.81 The 
involved lymph nodes have an abnormal appearance, 
showing a hypoechoic thickened cortex with an absent 
or a flattened fatty hilum (Figs. 17-69 to 17-72). Pan-
creatic PTLD tends to produce diffuse glandular enlarge-
ment, with an appearance that is indistinguishable from 
pancreatitis or rejection.85

The initial therapy for lymphoproliferative disorders 
is a reduction of immunosuppressive therapy. This is 
often successful for cases of polyclonal PTLD and in 
some cases of monoclonal disease. If this treatment 
option fails, chemotherapy is instituted.78,79

Text continued on p. 705.
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FIGURE 17-69. Renal posttransplant lymphoproliferative disorder in two patients. Patient 1: A, Sagittal sonogram 
shows infiltrative mass (arrows) in renal hilum. B, Six months later, the mass (arrowheads) has infiltrated into the renal cortex. C, Correla-
tive CT scan shows hilar mass infiltrating into renal cortex. Patient 2: D, Sagittal, and E, transverse, sonograms show a hypoechoic to 
anechoic structure with low-level echoes (arrows) in the renal hilum that could be interpreted as a complex cyst. F, Contrast-enhanced 
MR scan shows that this structure represents a solid mass (arrows).
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FIGURE 17-70. Renal posttransplant lymphoproliferative disorder (PTLD): extrarenal manifestations in 
two patients. Patient 1: A, Sagittal sonogram shows a hypoechoic renal hilar mass (arrows). B, Sagittal, and C, transverse, sonograms 
of the spleen show a mass in the hilum (arrows) as well as an intraparenchymal mass (arrowheads). Patient 2: D, Sagittal sonogram shows 
hilar mass (arrows). E, Transverse sonogram shows that mass (arrows) encases transplanted renal artery. F, Correlative MRI shows hilar 
mass (arrows) encasing renal vessels. G, Transverse sonogram shows malignant-appearing hepatic nodule (arrow). H, Sagittal sonogram 
shows malignant lymphadenopathy. I, CT scan shows tonsillar adenopathy in Walder’s ring (arrows) secondary to PTLD.
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FIGURE 17-71. Renal PTLD: mimicker. A, Sagittal, and B, transverse, sonograms show a poorly defined, hypoechoic region in 
the renal sinus (arrows), potentially representing an infiltrative mass. C, Correlative MR scan shows that the hypoechoic region represents 
sinus fat; K, kidney.
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FIGURE 17-72. Hepatic PTLD in three patients. Patient 1: A, Oblique sonogram shows malignant mass (arrows) encasing 
and narrowing main portal vein. B, Correlative CT scan shows mass infiltrating liver. Patient 2: C, Transverse, and D, sagittal, color 
Doppler sonograms show avascular solid nodules (arrow). E, Correlative CT scan shows solid hypovascular masses (arrows). Patient 3: 
F, Transverse sonogram shows thick-walled gut (white arrow) adjacent to inflamed echogenic fat (black arrows). G, Correlative CT scan 
shows thick-walled loop of small bowel (arrows).
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Because of the superficial location of the thyroid 
gland, high-resolution real-time gray-scale and color 
Doppler sonography can demonstrate normal thyroid 
anatomy and pathologic conditions with remarkable 
clarity. As a result, ultrasound plays an increasingly 
important role in the diagnostic evaluation of thyroid 
disease, although it is only one of several diagnostic 
methods currently available. To use ultrasound effec-
tively and economically, it is important to understand 
its current capabilities and limitations.

INSTRUMENTATION AND 
TECHNIQUE

High-frequency transducers (7.5-15.0 MHz) currently 
provide both deep ultrasound penetration—up to 
5 cm—and high-definition images, with a resolution of 
0.5 to 1.0 mm. No other imaging method can achieve 
this degree of spatial resolution. Linear array transducers 
with either rectangular or trapezoidal scan format are 
preferred to sector transducers because of the wider  
near field of view and the capability to combine high-
frequency gray-scale and color Doppler images. The 
thyroid gland is one of the most vascular organs of the 
body. As a result, Doppler examination may provide 
useful diagnostic information in some thyroid diseases.

Two newer techniques used for the sonographic study 
of the thyroid gland are contrast-enhanced sonography 
and sonoelastography. Contrast-enhanced sonography 
using second-generation contrast agents and very low 
mechanical index can provide useful information for the 
diagnosis of select cases of nodular disease and for ultra-
sound-guided therapeutic procedures. Sonoelastogra-

phy is based on the principle that when body tissues 
are compressed, the softer parts deform more easily  
than the harder parts. The amount of displacement at 
various depths is determined by the ultrasound signals 
reflected by tissues before and after they are compressed, 
and the corresponding strains are calculated from these 
displacements and displayed visually. This technique, 
already proven useful for the diagnosis of breast lesions, 
is now being applied to thyroid nodules (see later 
discussion).

The patient is typically examined in the supine posi-
tion, with the neck extended. A small pad may be placed 
under the shoulders to provide better exposure of the 
neck, particularly in patients with a short, stocky habitus. 
The thyroid gland must be examined thoroughly in both 
transverse and longitudinal planes. Imaging of the lower 
poles can be enhanced by asking the patient to swallow, 
which momentarily raises the thyroid gland in the neck. 
The entire gland, including the isthmus, must be exam-
ined. The examination must also be extended laterally  
to include the region of the carotid artery and jugular 
vein in order to identify enlarged jugular chain lymph 
nodes, superiorly to visualize submandibular adenopa-
thy, and inferiorly to define any pathologic supraclavicu-
lar lymph nodes.

In addition to the images recorded during the exami-
nation, some operators include in the permanent record 
a diagrammatic representation of the neck showing the 
location(s) of any abnormal findings (Fig. 18-1). This 
cervical “map” helps to communicate the anatomic rela-
tionships of the pathology more clearly to the referring 
clinician and the patient. It also serves as a useful refer-
ence for the radiologist and sonographer for follow-up 
examinations.
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level of the junction of the middle and lower thirds  
of the thyroid gland. From 10% to 40% of normal 
patients have a small thyroid (pyramidal) lobe arising 
superiorly from the isthmus and laying in front of  
the thyroid cartilage.1 It can be regularly visualized in 
younger patients, but it undergoes progressive atrophy 
in adulthood and becomes invisible. The size and shape 
of the thyroid lobes vary widely in normal patients. In 
tall individuals the lateral lobes have a longitudinally 
elongated shape on the sagittal scans, whereas in shorter 
individuals the gland is more oval. In the newborn the 
thyroid gland is 18 to 20 mm long, with an anteropos-
terior (AP) diameter of 8 to 9 mm. By 1 year of age, the 
mean length is 25 mm and AP diameter is 12 to 15 mm.2 
In adults the mean length is approximately 40 to 60 mm, 
with mean AP diameter of 13 to 18 mm. The mean 
thickness of the isthmus is 4 to 6 mm.3

Sonography is an accurate method for calculating 
thyroid volume. In about one third of cases, the sono-
graphic measurement of volume differs from the esti-
mated physical size on examination.4 Thyroid volume 
measurements may be useful for goiter size determina-
tion to assess the need for surgery, permit calculation of 
the dose of iodine 131 (131I) needed for treating thyro-
toxicosis, and evaluate response to suppression treat-
ments.5 Thyroid volume can be calculated with linear 
parameters or more precisely with mathematical formu-
las. Among the linear parameters, the AP diameter is the 
most precise because it is relatively independent of pos-
sible dimensional asymmetry between the two lobes. 
When the AP diameter is more than 2 cm, the thyroid 
gland may be considered “enlarged.”

ANATOMY

The thyroid gland is located in the anteroinferior part of 
the neck (infrahyoid compartment) in a space outlined 
by muscle, trachea, esophagus, carotid arteries, and 
jugular veins (Fig. 18-2). The thyroid gland is made up 
of two lobes located along either side of the trachea 
and connected across the midline by the isthmus, a thin 
structure draping over the anterior tracheal wall at the 

FIGURE 18-1. Cervical “map.” Such diagrams help com-
municate relationships of pathology to clinicians and serve as a 
reference for follow-up examinations; S.M.G., submandibular 
gland.

A

B
FIGURE 18-2. Normal thyroid gland. A, Transverse sonogram made with 7.5-MHz linear array transducer. B, Corresponding 
anatomic drawing; Tr, tracheal air shadow; C, common carotid artery; J, jugular vein. (From James EM, Charboneau JW: High-frequency 
(10 MHz) thyroid ultrasonography. Semin Ultrasound, CT, MR 1985;6:294-309.)
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Normal thyroid parenchyma has a homogeneous, 
medium-level to high-level echogenicity that makes 
detection of focal cystic or hypoechoic thyroid lesions 
relatively easy in most cases (see Fig. 18-2). The thin, 
hyperechoic line around the thyroid lobes is the capsule, 
which is often identifiable on ultrasound. It may become 
calcified in patients who have uremia or disorders of 
calcium metabolism. With currently available high- 
sensitivity Doppler instruments, the rich vascularity  
of the gland can be seen homogeneously distributed 
throughout the entire parenchyma (Fig. 18-4). The 
superior thyroid artery and vein are found at the upper 
pole of each lobe. The inferior thyroid vein is found at 
the lower pole (Fig. 18-5), and the inferior thyroid 
artery is located posterior to the lower third of each lobe. 
The mean diameter of the arteries is 1 to 2 mm; the 
lower veins can be up to 8 mm in diameter. Normally, 
peak systolic velocities reach 20 to 40 cm/sec in the 
major thyroid arteries and 15 to 30 cm/sec in intrapa-
renchymal arteries. These are the highest velocities found 
in blood vessels supplying superficial organs.

The most common mathematical method to calculate 
thyroid volume is based on the ellipsoid formula with a 
correction factor (length × width × thickness × 0.529 
for each lobe)6 (Fig. 18-3, A and B). Using this method, 
the mean estimated error is approximately 15%. The 
most precise mathematical method is the integration of 
the cross-sectional areas of the thyroid gland, achieved 
through evenly spaced sonographic scans.7 With this 
method, the mean estimated error is 5% to 10%.8 
Modern three-dimensional (3-D) ultrasound technology 
allows one to obtain simultaneously the three orthogonal 
planes of thyroid lobes and then to calculate the volume 
either automatically or manually9 (Fig. 18-3, C and D).

In neonates, thyroid volume ranges from 0.40 to 
1.40 mL, increasing by 1.0 to 1.3 mL for each 10 kg of 
body weight, up to a normal volume in adults of 10 to 
11 ± 3 mL.7 Thyroid volume is generally larger in patients 
living in regions with iodine deficiency and in patients 
who have acute hepatitis or chronic renal failure. Volume 
is smaller in patients who have chronic hepatitis or have 
been treated with thyroxine or radioactive iodine.5,7

A B

C D

FIGURE 18-3. Volume measurement of thyroid gland. A, Transverse, and B, longitudinal, images show calipers at the 
boundaries of thyroid gland; Tr, trachea air shadow; C, carotid artery. The calculated thyroid volume is based on the ellipsoid formula 
with a correction factor (length × width × thickness × 0.52 for each lobe). In this case, the volume is 10 mL (or grams), which is within 
normal limits for this female patient. C, Images from real-time 3-D study of normal thyroid lobe, visualized simultaneously in axial (top 
left), longitudinal (top right), and coronal (bottom left) planes. D, Volumetric reconstruction of gland.
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of hypoplasia, and ectopia (Fig. 18-6). Sonography can 
be used to help establish the diagnosis of hypoplasia  
by demonstrating a diminutively sized gland. High- 
frequency ultrasound can also be used in the study of 
congenital hypothyroidism (CH), a relatively common 
disorder occurring in about 1 in 3000 to 4000 live 
births. Determining the cause of CH (dysgenesis, dys-
hormonogenesis, or pituitary/hypothalamic hypothy-
roidism) is clinically important because prognosis and 
therapy differ. Early initiation of therapy can prevent 
mental retardation and delayed bone development.10,11

Measurement of thyroid lobes can be used to differ-
entiate aplasia (absent gland) from goitrous hypothy-
roidism (gland enlargement). Radionuclide scans are 
more often used to detect ectopic thyroid tissue (e.g., in 
a lingual or suprahyoid position).

NODULAR THYROID DISEASE

Many thyroid diseases can present clinically with one or 
more thyroid nodules. Such nodules represent common 
and controversial clinical problems. Epidemiologic 
studies estimate that 4% to 7% of adults in the United 
States have palpable thyroid nodules, with women 
affected more frequently than men.12,13 Exposure to ion-
izing radiation increases the incidence of benign and 
malignant nodules, with 20% to 30% of a radiation-
exposed population having palpable thyroid disease.14,15

Although nodular thyroid disease is relatively common, 
thyroid cancer is rare and accounts for less than 1% of 
all malignant neoplasms.16 The overwhelming majority 
of thyroid nodules are benign. The clinical challenge is 
to distinguish the few clinically significant malignant 
nodules from the many benign nodules and thus identify 
patients who need surgical excision. This task is com-
plicated because nodular disease of the thyroid gland 
often is clinically occult (<10-15 mm), although it 
can be readily detected by high-resolution sonography. 
The important question of how to manage these small 
nodules discovered incidentally by sonography is ad-
dressed later in this chapter.

The sternohyoid and omohyoid muscles (strap 
muscles) are seen as thin, hypoechoic bands anterior to 
the thyroid gland (see Fig. 18-2). The sternocleidomas-
toid muscle is seen as a larger oval band that lies lateral 
to the thyroid gland. An important anatomic landmark 
is the longus colli muscle, located posterior to each 
thyroid lobe, in close contact with the prevertebral space.

The recurrent laryngeal nerve and the inferior 
thyroid artery pass in the angle between the trachea, 
esophagus, and thyroid lobe. On longitudinal scans, the 
recurrent laryngeal nerve and inferior thyroid artery may 
be seen between the thyroid lobe and esophagus on the 
left and between the thyroid lobe and longus colli muscle 
on the right. The esophagus, primarily a midline struc-
ture, may be found laterally and is usually on the left 
side. It is clearly identified by the target appearance of 
bowel in the transverse plane and by its peristaltic move-
ments when the patient swallows.

CONGENITAL THYROID 
ABNORMALITIES

Congenital conditions of the thyroid gland include 
aplasia of one lobe or the whole gland, varying degrees 

FIGURE 18-4. Normal thyroid vascularity on power 
Doppler ultrasound.

FIGURE 18-5. Normal inferior thyroid vein. Longitu-
dinal power Doppler image shows a large inferior thyroid vein 
with associated normal venous spectral waveform.

NODULAR THYROID DISEASE: 
SONOGRAPHIC EVALUATION

Determine location of palpable neck mass (e.g., 
thyroid or extrathyroid).

Characterize benign versus malignant nodule 
features.

Detect occult nodule in patient with history of head 
and neck irradiation or MEN II syndrome.

Determine extent of known thyroid malignancy.
Detect residual, recurrent, or metastatic carcinoma.
Guide fine-needle aspiration of thyroid nodule or 

cervical lymph nodes.
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cally, they are often referred to as hyperplastic, adeno-
matous, or colloid nodules. Many (if not all) cystic 
thyroid lesions are hyperplastic nodules that have under-
gone extensive liquefactive degeneration. Pathologically, 
true epithelial-lined cysts of the thyroid gland are rare. 
In the course of this cystic degenerative process, calcifi-
cation, which is often coarse and perinodular, may 
occur.5,18 Hyperplastic nodule function may have 
decreased, may have remained normal, or may have 
increased (toxic nodules).

Sonographically, most hyperplastic or adenomatous 
nodules are isoechoic compared to normal thyroid tissue 
(Fig. 18-8, A), but may become hyperechoic because 
of the numerous interfaces between cells and colloid 
substance5,19 (Fig. 18-8, B and C ). Less frequently, a 
hypoechoic spongelike or honeycomb pattern is seen 
(Fig. 18-9; Video 18-2). When the nodule is isoechoic 
or hyperechoic, a thin peripheral hypoechoic halo is 
typically seen, most likely caused by perinodular blood 
vessels and mild edema or compression of the adjacent 
normal parenchyma. Perinodular blood vessels are typi-
cally detected by color Doppler sonography, and with 

Pathologic Features and 
Sonographic Correlates

Hyperplasia and Goiter

Approximately 80% of nodular thyroid disease is caused 
by hyperplasia of the gland and occurs in up to 5% of 
any population.17 Its etiology includes iodine deficiency 
(endemic), disorders of hormonogenesis (hereditary 
familial forms), and poor utilization of iodine as a 
result of medication. When hyperplasia leads to an 
overall increase in size or volume of the gland, the term 
goiter is used. The peak age of patients with goiter is 35 
to 50 years, and women are affected three times more 
often than men.

Histologically, the initial stage is cellular hyperplasia 
of the thyroid acini, followed by micronodule and 
macro nodule formation, often indistinguishable from 
normal thyroid parenchyma, even at histology. Hyper-
plastic nodules often undergo liquefactive degeneration 
with the accumulation of blood, serous fluid, and  
colloid substance (Fig. 18-7; Video 18-1). Pathologi-

A B

C

FIGURE 18-6. Congenital thyroid abnormali-
ties. A, Hypoplasia of right thyroid lobe; C, carotid artery; 
Tr, tracheal air shadow. B, Ectopic (sublingual) thyroid 
gland. Transverse ultrasound image inferior to the base  
of the tongue shows a U-shaped parenchymal structure.  
C, Ectopic (lingual) round-shaped thyroid gland (arrow) 
contains an irregular, low-attenuation area, likely caused by 
nodule degeneration; curved arrow, mandible. CT scan of a 
different patient, with the chin extended.
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current high-sensitivity Doppler technology, intranodu-
lar vascularity can also be seen.5,20,21 Hyperfunctioning 
(autonomous) nodules often exhibit an abundant peri-
nodular and intranodular vascularity; however, because 
of the hypervascular pattern shown in most solid thyroid 
nodules on high-sensitivity Doppler systems, this feature 
does not allow detection of hyperfunctioning nodules 
within multinodular goiters with sonography.20,21

The degenerative changes of goitrous nodules corre-
spond to their sonographic appearances (Fig. 18-10). 
Purely anechoic areas are caused by serous or colloid 
fluid. Echogenic fluid or moving fluid-fluid levels 
correspond to hemorrhage.22 Bright echogenic foci 
with comet-tail artifacts are likely caused by microcrys-
tals or aggregates of colloid substance, which may also 
move slowly, like snowflakes, within the fluid collec-
tion.23 Thin, intracystic septations probably corre-
spond to attenuated strands of thyroid tissue and appear 

FIGURE 18-7. Histology of hyperplastic (adenoma-
tous) change of thyroid gland. Histologic specimen 
shows many large dilated follicles that are filled with colloid 
material.

A B

C

FIGURE 18-8. Hyperplastic (adenomatous) nodule. 
Longitudinal ultrasound images. A, Oval homogeneous nodule 
(arrows) with thin, uniform halo. B, Three hyperechoic nodules, 
typical of hyperplasia. C, Solitary hyperechoic nodule, which was 
benign on fine-needle aspiration biopsy.
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A B

FIGURE 18-9. Benign nodule feature. Longitudinal images. Extensive honeycomb-like or cystic changes, with nodules showing 
A, larger cystic spaces, and B, smaller cystic spaces. These features indicate a very high probability of a benign process.

A B

C D

FIGURE 18-10. Colloid cysts. Transverse (A) and longitudinal (B, C, and D), images of four patients show the typical appearance 
of colloid cysts. Some of the nodules have tiny echogenic foci that are thought to be microcrystals. A few of these foci are associated with 
comet-tail artifacts (arrow in A) posteriorly. Nodules that are mostly cystic, such as these, are considered benign. Colloid cysts often contain 
internal echoes.
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Adenoma

Adenomas represent only 5% to 10% of all nodular disease 
of the thyroid and are seven times more common in 
women than men.5 Most result in no thyroid dysfunction; 
a minority (<10%) hyperfunction, develop autonomy and 
may cause thyrotoxicosis. Most adenomas are solitary, but 
may also develop as part of a multinodular process.

The benign follicular adenoma is a true thyroid 
neoplasm, characterized by compression of adjacent 
tissues and fibrous encapsulation. Various subtypes of 
follicular adenoma include the fetal adenoma, Hürthle 
cell adenoma, and embryonal adenoma, each distin-
guished according to the type of cell proliferation. The 
cytologic features of follicular adenomas are generally 
indistinguishable from those of follicular carcinoma. 
Vascular and capsular invasion are the hallmarks of fol-
licular carcinoma, identified by histologic rather than 
cytologic analysis. Needle biopsy is therefore not a reli-

completely avascular on color Doppler ultrasound. These 
degenerative processes may also lead to the formation of 
calcifications, which may be either thin, peripheral 
shells (“eggshell”) or coarse, highly reflective foci with 
associated acoustic shadows, scattered throughout the 
gland8 (Fig. 18-11).

Intracystic solid projections, or papillae, usually con-
taining color Doppler signals, may appear similar to  
the rare cystic papillary thyroid carcinoma.21,22 In some 
cases, sonography and color Doppler imaging cannot 
differentiate the septations of colloid hyperplastic nodules 
from the vegetations seen in papillary carcinomas; before 
moving to aspiration cytology studies, contrast-enhanced 
sonography with second-generation microbubbles and 
nondisruptive imaging can be used. Benign septa do not 
show enhancement (and “disappear” in harmonic mode) 
(Fig. 18-12, A and B), whereas malignant vegetations 
show intense enhancement in arterial phase with rela-
tively fast washout (Fig. 18-12, C and D).

A B

C D

FIGURE 18-11. “Eggshell” calcification. Peripheral (eggshell) calcification was previously thought to indicate a benign nodule, 
but malignant nodules may have the appearance shown on these longitudinal images. A, Coarse peripheral calcification (arrows) casts a 
large acoustic shadow. B, Eggshell calcification and a typical appearance of colloid cyst on the right side in another patient. C, Hypoechoic 
solid mass caused by papillary carcinoma surrounds area of eggshell calcification. D, Peripheral shell (eggshell) calcification.
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Malignant thyroid tumors of mesenchymal origin are 
exceedingly rare, as are metastases to the thyroid. Most 
thyroid cancers are well differentiated, and papillary  
carcinoma (including so-called mixed papillary and fol-
licular carcinoma) accounts for 75% to 90% of all 
cases.16,24 In contrast, medullary, follicular, and anaplas-
tic carcinomas (combined) represent only 10% to 25% 
of all thyroid carcinomas currently diagnosed in North 
America.
Papillary Carcinoma of Thyroid. Although it can 
occur in patients of any age, prevalence of papillary 
thyroid carcinoma peaks in both the third and the 
seventh decade of life.16 Women are affected more often 
than men. On microscopic examination, the tumor is 
multicentric within the thyroid gland in at least 20% of 
cases.25 Round, laminated calcifications (psammoma 
bodies) in the cytoplasm of papillary cancer cells are seen 
in approximately 35% of patients. The major route of 
spread of papillary carcinoma is through the lymphatics 

able method to distinguish between follicular carcinoma 
and cellular adenoma. Therefore, such tumors are usually 
surgically removed.

Sonographically, adenomas are usually solid masses 
that may be hyperechoic, isoechoic, or hypoechoic (Fig. 
18-13; Video 18-3). They often have a thick, smooth 
peripheral hypoechoic halo resulting from the fibrous 
capsule and blood vessels, which can be readily seen by 
color Doppler imaging. Often, vessels pass from the 
periphery to the central regions of the nodule, sometimes 
creating a “spoke and wheel” appearance. This vascular 
pattern is usually seen in both hyperfunctioning and 
poorly functioning adenomas and thus does not allow 
the detection of hyperfunctioning lesions.

Carcinoma

Most primary thyroid cancers are of epithelial origin 
and are derived from follicular or parafollicular cells.16 

A B

C D

FIGURE 18-12. Contrast-enhanced sonography to differentiate benign from malignant fluid-filled thyroid 
nodules with internal septations or solid projections. A, Conventional B-mode sonogram of right thyroid lobe demon-
strates large, mixed solid and cystic nodule; Tr, tracheal air shadow; C, common carotid artery. B, Contrast-enhanced sonogram. After 
administration of contrast material, the internal contents are no longer visible because they lack enhancement, indicating that the contents 
were likely colloid and blood products. C, Conventional B-mode sonogram in longitudinal plane demonstrates a nodule (arrow) arising 
from the posterior wall. D, Contrast-enhanced longitudinal sonogram shows that the nodule remains visible, indicating enhancement after 
contrast enhancement. The lesion was a cystic papillary carcinoma.
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C D
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FIGURE 18-13. Benign follicular adenoma: spectrum of appearances. Transverse images of A, right lobe, and B, left 
lobe, of thyroid gland in two patients show homogeneous, hypoechoic, round to oval masses with a surrounding thin halo, the capsule 
of the adenoma; Tr, tracheal air shadow; C, carotid artery. C, Longitudinal image shows oval hyperechoic lesion with thick peripheral 
halo. D, Histology of lesion in C. Note the uniform capsule (arrow) of the mass. E, Longitudinal image shows oval mass with internal 
cystic component. F, Longitudinal image shows round, hyperechoic homogeneous mass (arrow) in patient with Hashimoto’s 
thyroiditis.
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located in the caudal half of the deep jugular chain. 
Occasionally, metastatic nodes may be cystic as a 
result of extensive degeneration (Fig. 18-17, H ).
Cystic nodal metastases show a thickened outer  

wall, internal nodularity, and septations in most cases, 
although they may appear purely cystic in younger 
patients.27 Cystic lymph node metastases in the neck 
occur almost exclusively in association with papillary 
thyroid carcinoma, but occasionally with nasopharyn-
geal carcinomas.32 On power Doppler sonography, 
noncystic nodes often show diffuse hypervascularity  
with tortuous vessels, arteriovenous (AV) shunts, and 
high vascular resistance (RI > 0.8). In some cases, 
however, these nodes may show only prominent hilar 
vascularity, similar to that of reactive nodes and low 
resistive indices (RIs).31

Papillary carcinoma rarely displays extensive cystic 
change (Fig. 18-18). In our review of the amount of 
cystic change found in 360 thyroid carcinomas, a large 
amount of cystic change occurred in less than 3% of 
cases.33 The overwhelming majority of papillary carcino-
mas appear as a predominantly solid mass. Invasion of 
adjacent muscles is infrequently visualized by ultra-
sound but indicates that the mass is malignant (Fig. 
18-19). A follicular variant accounts for 10% of cases 
of papillary carcinoma and appears similar to a follicular 
neoplasm on gross pathologic inspection and ultrasound 
(Fig. 18-20). High-power microscopic studies show that 
the nuclear features are those of papillary carcinoma, and 
it is classified as a “follicular variant of papillary carci-
noma.” The clinical course and treatment are the same 
as for typical papillary thyroid carcinoma.

Papillary microcarcinoma is a rare, nonencapsulated 
sclerosing tumor measuring 1 cm or less in diameter (Fig. 
18-21). Most patient (80%) present with enlarged cervi-
cal nodes and a palpably normal thyroid gland.26,28 Papil-
lary microcarcinoma can be imaged by high-frequency 

to nearby cervical lymph nodes. In fact, a patient  
with papillary thyroid cancer may present with enlarged 
cervical nodes and a palpably normal thyroid gland.26,27 
Interestingly, the presence of nodal metastasis in the 
neck generally does not appear to worsen the prognosis 
for this malignancy. Distant metastases are very rare 
(2%-3%) and occur mostly in the mediastinum and 
lung. After 20 years, the cumulative mortality from pap-
illary thyroid cancer is typically only 4% to 8%.26

Papillary carcinoma has peculiar histologic (fibrous 
capsule, microcalcifications) and cytologic (“ground 
glass” nuclei, cytoplasmic inclusions in nucleus, indenta-
tions of nuclear membrane) features, which often allow 
a relatively easy pathologic diagnosis.28 In particular, 
microcalcifications, which result from the deposition of 
calcium salts in the psammoma bodies, are frequently 
present in both the primary tumor and the cervical 
lymph node metastases27,29 (Fig. 18-14).

Similar to the pathologic features, sonographic char-
acteristics of papillary carcinoma usually are relatively 
distinctive, as follows (Figs. 18-15 and 18-16):
• Hypoechogenicity (90% of cases), resulting from 

closely packed cell content, with minimal colloid 
substance.

• Microcalcifications, appearing as tiny, punctate 
hyperechoic foci, either with or without acoustic 
shadows (Videos 18-4 and 18-5). In rare, but 
usually aggressive cases of papillary carcinomas of 
childhood, microcalcifications may be the only 
sonographic sign of the neoplasm, even without 
evidence of a nodular lesion18,21,30,31 (Fig. 18-15, B).

• Hypervascularity (90% of cases), with disorganized 
vascularity, mostly in well-encapsulated forms31 
(Fig. 18-16).

• Cervical lymph node metastases, which may  
contain tiny, punctate echogenic foci caused by 
microcalcifications (Fig. 18-17). These are mainly 

A B

FIGURE 18-14. Papillary carcinoma: small cancer with microscopic correlation. A, Longitudinal image shows 
7-mm, hypoechoic solid nodule containing microcalcifications. B, Microscopic pathologic image shows microcalcifications, or “psammoma 
bodies” (arrow).
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FIGURE 18-15. Papillary thyroid carcinoma: spectrum of appearances. A, Longitudinal image demonstrates extremely 
hypoechoic solid nodule without evidence of calcification. B, Longitudinal image of the thyroid of a 6-year-old patient shows extensive 
diffuse microcalcifications without discrete mass. This is a very rare appearance and is more often encountered in children than adults.  
C, Longitudinal, and D, transverse, images show hypoechoic nodules that contain echogenic foci caused by microcalcification; Tr, tracheal 
air shadow; C, carotid artery. E, Longitudinal image shows hypoechoic solid nodule with thick, irregular halo and linear calcifications at 
anterior margin (arrow). F, Transverse image shows heterogeneous but isoechoic mass in the isthmus (arrows) that contains microcalcifica-
tions and has a thick, irregular halo; Tr, tracheal air shadow; C, carotid artery.
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nodes. The widely invasive follicular carcinoma variant 
metastasizes in about 20% to 40% of cases, and the 
minimally invasive metastasizes in only 5% to 10%. 
Mortality from follicular carcinoma is 20% to 30% at 
20 years postoperatively.16,26

No unique sonographic features allow differentiation 
of follicular carcinoma from adenoma, which is not sur-
prising, given the cytologic and histologic similarities of 
these two tumors (Figs. 18-22 and 18-23). Similarly, 
fine-needle aspiration is not reliable in differentiating 
benign from malignant follicular neoplasms because the 
pathologic diagnosis is not based on cellular appearance 
but rather on capsular and vascular invasion. Therefore, 
most follicular nodules must be surgically removed for 
accurate pathologic diagnosis. Features that suggest fol-
licular carcinoma are rarely seen but include irregular 
tumor margins, a thick irregular halo, and a tortuous or 
chaotic arrangement of internal blood vessels on color 
Doppler imaging.20,34

Medullary Carcinoma. Medullary carcinoma accounts 
for about 5% of all malignant thyroid diseases. It is 
derived from the parafollicular cells, or C cells, and  

ultrasound in approximately 70% of cases, either as a 
small, hyperechoic patch (fibrotic-like) under the capsule 
with thickening and retraction of the capsule, or as a 
minute hypoechoic nodule with blurred irregular outline 
with no visible microcalcifications, but often with intense 
vascular signals within and around the lesion.
Follicular Carcinoma. Follicular carcinoma is the 
second subtype of well-differentiated thyroid cancer. It 
accounts for 5% to 15% of all cases of thyroid cancer, 
affecting women more often than men.16 The two vari-
ants of follicular carcinoma differ greatly in histology 
and clinical course.16,24,28 The minimally invasive fol-
licular carcinomas are encapsulated, and only the histo-
logic demonstration of focal invasion of capsular blood 
vessels of the fibrous capsule itself permits differentiation 
from follicular adenoma. The widely invasive follicular 
carcinomas are not well encapsulated, and invasion of 
the vessels and the adjacent thyroid is more easily dem-
onstrated. Both variants of follicular carcinoma tend to 
spread through the bloodstream rather than the lym-
phatics, and distant metastases to bone, lung, brain, and 
liver are more likely than metastases to cervical lymph 

A B
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FIGURE 18-16. Papillary carcinoma: power Doppler appearances. Blood flow within cancer is often, but not always, 
increased. A, Longitudinal image shows 1.5-cm nodule with a thick, irregular halo. B, Power Doppler image shows that nodule is hyper-
vascular and has flow in the center and at the periphery. C, Longitudinal image shows hypoechoic nodule with microcalcifications. 
D, Power Doppler image shows no blood flow within the cancer.
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typically secretes the hormone calcitonin, which can be 
a useful serum marker. This cancer is frequently familial 
(20%) and is an essential component of the multiple 
endocrine neoplasia (MEN) type II syndromes.35 The 
disease is multicentric and/or bilateral in about 90% of 
the familial cases16 (Fig. 18-24). There is a high inci-
dence of metastatic involvement of lymph nodes. The 
prognosis for patients with medullary cancer is some-
what worse than for follicular cancer.

A B

D

G H I

E F

C

FIGURE 18-17. Metastases involving cervical lymph nodes: spectrum of appearances. A and B, Transverse images 
near the carotid artery (C) and jugular vein (J) show small, round, hypoechoic lymph nodes (arrows). Despite their small size (~4 mm), 
the round shape and the hypoechoic appearance are highly indicative of metastasis. C and D, Longitudinal images show oval hypoechoic 
nodes. E, Longitudinal image of thyroid bed after thyroidectomy shows two abnormal lymph nodes, one of which contains microcalcifica-
tions (arrow). F and G, Longitudinal images show heterogeneous lymph nodes containing calcification (arrows). H, Longitudinal image 
shows a large lymph node (arrows) containing cystic change. Cystic change in a cervical lymph node is almost always caused by metastatic 
papillary carcinoma. I, Transverse image shows a large, round lymph node between the internal jugular vein (IJ) and the common carotid 
artery (CCA).

FOLLICULAR THYROID CARCINOMA: 
SONOGRAPHIC FEATURES

Irregular tumor margins
Thick, irregular halo
Tortuous or chaotic arrangement of internal blood 

vessels
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C

FIGURE 18-18. Papillary thyroid carcinoma: atypical. Three examples of moderate to marked cystic degeneration of papil-
lary carcinoma. In the authors’ experience, less than 5% of papillary carcinoma has this appearance of a large amount of cystic change. 
More than 90% of papillary thyroid carcinomas are uniformly solid masses. A, B, and C, Longitudinal images show three large nodules 
(arrows, cursors) that display extensive cystic change.

FIGURE 18-19. Papillary carcinoma invades muscle. Longitudinal image shows hypoechoic mass arising from anterior 
surface of the thyroid. This mass invades (arrows) adjacent strap muscle (M). Muscular invasion is very rare.
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it accounts for less than 2% of all thyroid cancers, it 
carries the worst prognosis, with a 5-year mortality rate 
of more than 95%.37 The tumor typically presents as a 
rapidly enlarging mass extending beyond the gland and 
invading adjacent structures. It is often inoperable at 
presentation. Anaplastic carcinomas may often be associ-
ated with papillary or follicular carcinomas, presumably 
representing a dedifferentiation of the neoplasm. They 
tend not to spread via the lymphatics but instead are 
prone to aggressive local invasion of muscles and vessels.28

Sonographically, anaplastic thyroid carcinomas are 
usually hypoechoic and often encase or invade blood 

The sonographic appearance of medullary carcinoma 
is usually similar to that of papillary carcinoma and is 
seen most often as a hypoechoic solid mass. Calcifica-
tions are often seen (histologically caused by calcified 
nests of amyloid substance) and tend to be more coarse 
than the calcifications of typical papillary carcinoma36 
(Fig. 18-25). Calcifications can be seen not only in the 
primary tumor but also in lymph node metastases and 
even in hepatic metastases.
Anaplastic Thyroid Carcinoma. Anaplastic thyroid 
carcinoma is typically a disease of elderly persons; it rep-
resents one of the most lethal of solid tumors. Although 

A B

FIGURE 18-20. Atypical papillary thyroid carcinoma. Longitudinal images show two examples of the follicular variant of 
papillary thyroid carcinoma. A, oval isoechoic and B, hypoechoic mass that looks similar to the typical ultrasound appearance of a follicular 
neoplasm. This follicular variant is uncommon, accounting for 10% of cases of papillary carcinoma. The clinical course and treatment 
are the same as that of typical papillary thyroid carcinoma.

A B

FIGURE 18-21. Atypical papillary carcinoma. A, Longitudinal image shows coarse calcification without mass effect, seen at 
the periphery and internally. B, Gross pathologic specimen of A shows round nodule that contains multiple areas of grossly visible calci-
fications (arrows). This is a rare sclerosing form of papillary carcinoma that contains a large amount of fibrosis and calcification.
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FIGURE 18-22. Follicular neoplasms: benign and malignant in same patient. A, Left lobe, and B, right lobe, of the 
thyroid show round, homogeneous hypoechoic masses that appear identical except for size differences on transverse images; Tr, tracheal 
air shadow. The smaller mass was malignant and the larger mass benign. C, Gross pathologic specimen of follicular neoplasm shows a 
homogeneous tumor with a thin capsule. This capsule is present in both benign and malignant follicular neoplasms and is often seen on 
ultrasound. D, Microscopic appearance of the capsule shows invasion of the follicular cells into the capsule (arrows). This is one of the 
microscopic features that allows a pathologic diagnosis of malignancy but is not visible by ultrasound.

ANAPLASTIC THYROID CARCINOMA: 
SONOGRAPHIC FEATURES

Large, hypoechoic mass
Encase or invade blood vessels
Invade neck muscles

vessels and neck muscles (Fig. 18-26). Often these 
tumors cannot be adequately examined by ultrasound 
because of their large size. Instead, computed tomogra-
phy (CT) or magnetic resonance imaging (MRI) of the 
neck usually demonstrates the extent of disease more 
accurately.

Lymphoma

Lymphoma accounts for approximately 4% of all thyroid 
malignancies. It is mostly of the non-Hodgkin’s type and 
usually affects older women. The typical clinical sign is 
a rapidly growing mass that may cause symptoms of 
obstruction such as dyspnea and dysphagia.38 In 70% to 
80% of patients, lymphoma arises from a preexisting 
chronic lymphocytic thyroiditis (Hashimoto’s thyroid-
itis) with subclinical or overt hypothyroidism. The prog-
nosis is highly variable and depends on the stage of the 
disease. Five-year survival ranges from almost 90% in 
early-stage cases to less than 5% in advanced, dissemi-
nated disease.

Sonographically, lymphoma of the thyroid appears as 
an extremely hypoechoic and lobulated mass. Large areas 
of cystic necrosis may occur, as well as encasement of 
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FIGURE 18-23. Malignant follicular neoplasms. A and B, Longitudinal images of two patients with oval homogeneous 
hypoechoic masses. C and D, Transverse images of two other patients with round homogeneous masses. These four carcinomas appear 
identical to the benign follicular neoplasms (see Fig. 18-13), and surgical removal is required to exclude or establish malignancy of most 
follicular tumors.

FIGURE 18-24. Multicentric medullary thyroid carcinoma. Transverse dual image in patient with multiple endocrine 
neoplasia type II (MEN II) shows bilateral hypoechoic masses (arrows) that contain areas of coarse calcification; C, carotid arteries; 
Tr, trachea; E, esophagus.
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Metastases usually are from melanoma (39%), breast 
(21%), and renal cell (10%) carcinoma. Metastases 
may appear as solitary, well-circumscribed nodules or as 
diffuse involvement of the gland. On sonography, 
thyroid tumors are solid, homogeneously hypoechoic 
masses, without calcifications41 (Fig. 18-28).

Fine-Needle Aspiration Biopsy

Once a thyroid nodule has been detected, the fundamen-
tal challenge is to determine if it is benign or malignant. 
Short of surgical excision, several methods for nodule 

adjacent neck vessels39 (Fig. 18-27). On color Doppler 
imaging, both nodular and diffuse thyroid lymphomas 
may appear mostly hypovascular or may show blood 
vessels with chaotic distribution and AV shunts. The 
adjacent thyroid parenchyma may be heterogeneous as a 
result of associated chronic thyroiditis.40

Thyroid Metastases

Metastases to the thyroid are infrequent, occurring late 
in the course of neoplastic diseases as the result of hema-
togenous spread or less frequently a lymphatic route. 
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FIGURE 18-25. Medullary thyroid carcinoma: spectrum of appearances. A to C, Hypoechoic solid nodules with 
coarse internal calcifications. D, E, and F, Hypoechoic solid nodules with fine internal calcifications. G, H, and I, Hypoechoic solid 
nodules without calcification and with a similar appearance as follicular neoplasms; C, carotid artery.
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Fine-needle thyroid aspirates are often classified cyto-
pathologically into the following four categories:

1. Negative (no malignant cells)
2. Positive for malignancy
3. Suggestive of malignancy
4. Nondiagnostic

If a nodule is classified in either of the first two categories, 
the results are highly sensitive and specific.44 The major 
limitation of the technique is the lack of specificity in the 
third group, whose results are suggestive of malignancy, 
primarily because of the inability to distinguish follicular 
or Hürthle cell adenomas from their malignant counter-
parts. In these cases, surgical excision is required for 
diagnosis. In addition, up to 20% of aspirates may be 
nondiagnostic, approximately half of which result from 
inadequate cell sampling of cystic lesions. In these cases, 
repeat FNA under sonographic guidance can be per-
formed for selective sampling of the solid elements of 
the mass. In the world literature, FNA of thyroid nodules 
has a sensitivity range of 65% to 98% and specificity of 

characterization are in common use, including radio-
nuclide imaging, sonography, and fine-needle aspiration 
(FNA) biopsy. Each of these techniques has advantages 
and limitations, and the choice in any specific clinical 
setting depends largely on available instrumentation and 
expertise.

It is generally recognized that FNA biopsy is the most 
effective method for diagnosing malignancy in a thyroid 
nodule.42-44 In many clinical practices, FNA under direct 
palpation is the first diagnostic examination performed 
on any clinically palpable nodule. Neither isotopic nor 
sonographic imaging is used routinely, instead reserved 
for special situations or difficult cases. FNA has had  
a substantial impact on the management of thyroid 
nodules because it provides more direct information 
than any other available diagnostic technique. It is safe, 
inexpensive, and results in better selection of patients for 
surgery. The successful use of FNA in clinical practice, 
however, depends heavily on the presence of an experi-
enced aspirationist and an expert cytopathologist.

A B

FIGURE 18-26. Anaplastic thyroid carcinoma. A, Transverse image shows large hypoechoic mass (arrows) involving the entire 
gland, greater on the left, which causes deviation of the trachea to the right; Tr, tracheal air shadow; C, common carotid artery; J, jugular 
vein. B, Contrast-enhanced CT scan of the patient shows the large mass and its relationship to adjacent structures.

A B

FIGURE 18-27. Lymphoma. A, Transverse image of left lobe of the thyroid shows diffuse mass enlarging the lobe and extending 
into the soft tissues (arrows) surrounding the common carotid artery (c); Tr, tracheal air shadow. B, Contrast-enhanced CT scan shows a 
hypovascular mass in the left thyroid lobe and soft tissue encasement of the carotid artery.



728  PART III ■ Small Parts, Carotid Artery, and Peripheral Vessel Sonography

resolution sonography has four primary clinical applica-
tions, as follows52-54:
• Detection of thyroid and other cervical masses 

before and after thyroidectomy.
• Differentiation of benign from malignant masses on 

the basis of their sonographic appearance.
• Guidance for FNA biopsy.
• Guidance for the percutaneous treatment of 

nonfunctional and hyperfunctioning benign thyroid 
nodules and of lymph node metastases from 
papillary carcinoma.

Detection of Thyroid Masses

A practical use of sonography is to establish the precise 
anatomic location of a palpable cervical mass. The deter-
mination of whether such a mass is within or adjacent 
to the thyroid cannot always be made on the basis of the 
physical examination alone. Sonography can readily dif-
ferentiate thyroid nodules from other cervical masses, 
such as cystic hygromas, thyroglossal duct cysts, and 
enlarged lymph nodes. Alternatively, sonography may 
help to confirm the presence of a thyroid nodule when 
the findings on physical examination are equivocal.

72% to 100%, with a false-negative rate of 1% to 11% 
and a false-positive rate of 1% to 8%45-51 (Table 18-1). 
In a recent study based on more than 5000 cytologic 
examinations, the most frequent cause of false-negative 
findings was the failure to recognize the follicular variant 
of papillary carcinoma.51 In our practices, the overall 
accuracy of FNA exceeds 95%, and therefore it is cur-
rently the most accurate and cost-effective method for 
initial evaluation of patients with nodular thyroid disease. 
Since the introduction of FNA into routine clinical prac-
tice, the percentage of patients undergoing thyroidec-
tomy has significantly decreased (to ~25%), and the cost 
of thyroid nodule care has been reduced by 25%.45

The evaluation of thyroid nodules primarily by FNA 
is common in North America and northern Europe. In 
other European countries and Japan, where goiter is 
prevalent, the initial evaluation often relies on radionu-
clide and sonographic imaging because of the need to 
select nodules that must undergo FNA.

Sonographic Applications

Although FNA is the most reliable diagnostic method 
for evaluating clinically palpable thyroid nodules, high-

A B

FIGURE 18-28. Thyroid metastasis from renal cell carcinoma. A, Longitudinal (gray scale), and B, power Doppler, 
images show a 1-cm solid vascular mass.

TABLE 18-1. DIAGNOSTIC YIELD OF THYROID FINE-NEEDLE ASPIRATION (FNA)

SERIES NO. OF CASES FN RATE FP RATE SENSITIVITY SPECIFICITY

Hawkins et al.46 1399 2.4% 4.6% 86% 95%
Khafagi et al.47 618 4.1% 7.7% 87% 72%
Hall et al.48 795 1.3% 3.0% 84% 90%
Altavilla et al.49 2433 6.0% 0.0% 71% 100%
Gharib and Goellner45 10,971 2.0% 0.7% 98% 99%
Ravetto et al.50 2014 11.2% 0.7% 89% 99%

FN, False-negative; FP, False-positive.
Modified from Gharib H, Goellner JR. Fine-needle aspiration biopsy of the thyroid: an appraisal. Ann Intern Med 1993; 118:282-289.
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papillary carcinoma, 33% had coexistent benign nodules 
at surgery.57 In addition, papillary thyroid cancer is rec-
ognized to be multicentric in at least 20% of cases and 
occult (<1.5 cm in diameter) in up to 48% of cases.24,55 
In a previous study, almost two thirds (64%) of patients 
with thyroid cancer had at least one nodule in addition 
to the dominant nodule detected sonographically.58 
Pathologically, these extra nodules can be benign or 
malignant. Therefore, in patients with a clinically soli-
tary nodule, the sonographic detection of a few  
additional nodules is not a reliable sign for excluding 
malignancy.

An ultrasound-guided FNA biopsy is performed for 
patients with multinodular goiter when there is a domi-
nant nodule. A dominant nodule is the largest nodule 
or has ultrasound features different from the other 
nodules or features suggestive of carcinoma.

In patients with known thyroid cancer, sonography 
can be useful to determine the extent of disease, both 
preoperatively and postoperatively. In most patients a 
sonographic examination is not performed routinely 
before thyroidectomy, but it can be useful in those with 
large cervical masses for evaluation of nearby structures, 
such as the carotid artery and internal jugular vein for 
evidence of direct invasion or encasement by the tumor. 
Alternatively, in patients who present with cervical 
lymphadenopathy caused by papillary thyroid cancer but 

Sonography may be used to detect occult thyroid 
nodules in patients who have a history of head and 
neck irradiation during childhood as well as for those 
with a family history of MEN II syndrome; both 
groups have a known increased risk for development of 
thyroid malignancy. If a nodule is discovered, a biopsy 
can be performed under sonographic guidance. It is 
unknown, however, whether the detection of a thyroid 
cancer before it becomes clinically palpable will change 
the ultimate clinical outcome for a given patient.

In the past, when thyroid nodules were evaluated pri-
marily with isotope scintigraphy, it was generally accepted 
that a “solitary cold” nodule carried a probability of 
malignancy of 15% to 25%, whereas a “cold” nodule in 
a multinodular gland was malignant in less than 1%  
of cases.55 However, benign goiter is multinodular in 
70% to 80% of cases, and 70% of nodules considered 
“solitary” on scintigraphy or physical examination are 
actually multiple when assessed with high-frequency 
ultrasound22,56 (Fig. 18-29).

It has been suggested, therefore, that sonography may 
be used to detect additional occult nodules in patients 
with clinically solitary lesions, thereby implying that the 
dominant palpable mass is benign. Such a conclusion is 
unwarranted, however, because pathologically, benign 
nodules often coexist with malignant nodules. In a series 
of 1500 consecutive patients undergoing surgery for  

A B

C D

FIGURE 18-29. Multinodular goiter. A, Transverse image shows enlargement of the right lobe and isthmus by multiple confluent 
hypoechoic and hyperechoic nodules; Tr, tracheal air shadow. B and C, Longitudinal images show multiple confluent nodules (arrows). 
D, Longitudinal dual image shows enlargement of a lobe by multiple nodules.
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in whom the thyroid gland is palpably normal, sonogra-
phy may be used preoperatively to detect an occult, 
nonpalpable primary focus within the gland.

After partial or near-total thyroidectomy for carci-
noma, sonography is the preferred method for follow-
up, by detecting residual, recurrent, or metastatic 
disease in the neck.59 In patients who have had subtotal 
thyroidectomy, the sonographic appearance of the 
remaining thyroid tissue may serve as an important 
factor in deciding whether complete thyroidectomy is 
recommended. If a mass is identified, its nature can be 
determined by ultrasound-guided FNA (Fig. 18-30). If 
no masses are seen, the clinician may choose to follow 
the patient with periodic sonographic studies. For 
patients who have had total or near-total thyroidectomy, 
sonography has proved to be more sensitive than physical 
examination in detecting recurrent disease within the 
thyroid bed or metastatic disease in cervical lymph 
nodes.60 Patients with a history of thyroid cancer often 
undergo periodic sonographic examinations of the neck 
to detect nonpalpable recurrent or metastatic disease. 
When a mass is identified, FNA under sonographic guid-
ance can establish a diagnosis of malignancy and help in 
surgical planning.

Differentiation of Benign and  
Malignant Nodules

According to several reports, for the differentiation of 
benign versus malignant thyroid nodules, sonography 
has sensitivity rates of 63% to 94%, specificity of 61% 
to 95%, and overall accuracy of 78% to 94%.4,5,61-67 
Currently, no single sonographic criterion distinguishes 
benign thyroid nodules from malignant nodules with 
complete reliability.5,61-63,67 Nevertheless, certain sono-
graphic features are seen more often with one type of 

FIGURE 18-30. Fine-needle aspiration of thyroid 
nodule caused by follicular neoplasm. Transverse 
image shows a large nodule replacing the right thyroid lobe;  
Tr, tracheal air shadow. The tip of the 25-gauge needle is highly 
visible (arrow), and the shaft of the needle is faintly visible.

TABLE 18-2. RELIABILITY OF 
SONOGRAPHIC FEATURES IN 

DIFFERENTIATION OF BENIGN FROM 
MALIGNANT THYROID NODULES

Pathologic Diagnosis

FEATURE BENIGN MALIGNANT

Shape
Wider than tall +++ ++
Taller than wide + ++++

Internal Contents
Purely cystic content ++++ +
Cystic with thin septa ++++ +
Mixed solid and cystic +++ ++
Comet-tail artifact +++ +

Echogenicity
Hyperechoic ++++ +
Isoechoic +++ ++
Hypoechoic +++ +++
Markedly hypoechoic + ++++

Halo
Thin halo ++++ ++
Thick, incomplete halo + +++
Absent + +++

Margin
Well defined +++ ++
Poorly defined ++ +++
Spiculated + ++++

Calcification
Eggshell calcification +++ ++
Coarse calcification +++ +
Microcalcification ++ ++++

Doppler
Peripheral flow pattern +++ ++
Internal flow pattern ++ +++

Sonoelastography
Patterns 1 and 2 ++++ +
Patterns 3 and 4 + +++

+, Rare (<1%); ++, low probability (<15%); +++, intermediate probability 
(16%-84%); ++++, high probability (>85%).

Data from authors’ experience and literature reports.

histology or another type, thus establishing general diag-
nostic trends34 (Table 18-2).

The fundamental anatomic features of a thyroid 
nodule on high-resolution sonography are as follows:
• Internal consistency (solid, mixed solid and cystic, or 

purely cystic)
• Echogenicity relative to adjacent thyroid parenchyma
• Margin
• Shape
• Presence and pattern of calcification
• Peripheral sonolucent halo
• Presence and distribution of blood flow signals
Internal Contents. In our experience, approximately 
70% of thyroid nodules are solid, whereas the remaining 
30% exhibit various amounts of cystic change. A nodule 
that has a significant cystic component is usually  
a benign adenomatous (colloid) nodule that has 
undergone degeneration or hemorrhage. When detected 
by older, lower-resolution ultrasound machines, these 
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hypoechogenicity often found in benign lesions is usually 
less marked.67 A predominantly hyperechoic nodule, 
although relatively uncommon, is more likely to be 
benign.22 The isoechoic nodule, visible because of a 
peripheral sonolucent rim that separates it from the adja-
cent normal parenchyma, has an intermediate to low risk 
of malignancy. Isoechogenicity has low sensitivity but 
high specificity and positive predictive value for the diag-
nosis of benign nodules.67

Halo. A peripheral sonolucent halo that completely or 
incompletely surrounds a thyroid nodule may be present 
in 60% to 80% of benign nodules and 15% of thyroid 
cancers.22,71 Histologically, it is thought to represent the 
capsule of the nodule, but hyperplastic nodules that have 
no capsule often have this sonographic feature. The 
hypothesis that it represents compressed normal thyroid 
parenchyma seems acceptable, especially for rapidly 
growing thyroid cancers, which often have thick, irregu-
lar, and incomplete halos (see Fig. 18-15, C ) that are 
hypovascular or avascular on color Doppler scans. Color 
and power Doppler imaging demonstrates that the thin, 
complete peripheral halo, which is strongly suggestive of 
benign nodules, represents blood vessels coursing around 
the periphery of the lesion, the “basket pattern.”
Margin. Benign thyroid nodules tend to have sharp, 
well-defined margins, whereas malignant lesions tend to 
have irregular, spiculated, or poorly defined margins. For 
any given nodule, however, the appearance of the outer 
margin cannot reliably predict the histologic features 
because many exceptions to these general trends have 
been identified, even if the association of spiculated 
margins with malignant nodules has recently been dem-
onstrated as highly specific.67

Calcification. Calcification can be detected in about 
10% to 15% of all thyroid nodules, but the location and 
pattern of the calcification have a more predictive value 
in distinguishing benign from malignant lesions.22 
Peripheral shell (eggshell) calcification, although 
rarely present, has traditionally been considered a char-
acteristic of a benign nodule (see Fig. 18-11). As recently 
reported, however, thickened and interrupted per-
ipheral calcifications, particularly if associated with 
hypoechoic halo, have very high sensitivity for the diag-
nosis of malignant nature.72,73 Scattered echogenic foci 
of calcification with or without associated acoustic 
shadows are more common. When these calcifications 
are large and coarse (usually related to fibrosis and 
degeneration), the nodule is more likely to be a benign 
nodule, with long disease duration. When the calcifica-
tions are fine and punctate, however, malignancy is 
more likely. Pathologically, these fine calcifications may 
be caused by psammoma bodies, typically seen in papil-
lary cancers (see Figs. 18-14 and 18-15).

Medullary thyroid carcinomas often exhibit bright 
echogenic foci either within the primary tumor or within 
metastatically involved cervical lymph nodes.35 The 
larger echogenic foci are usually associated with acoustic 

lesions were called “cysts” because the presence of inter-
nal debris and a thick wall could not be appreciated. 
Pathologically, a true epithelium-lined, simple thyroid 
cyst is extremely rare. Virtually all cystic thyroid lesions 
seen with high-resolution ultrasound demonstrate some 
wall irregularity and internal solid elements or debris 
caused by nodule degeneration (see Figs. 18-9 and 
18-10). When high-frequency gray-scale sonography 
and color Doppler imaging cannot differentiate debris 
and septa from neoplastic intracystic vegetations, con-
trast-enhanced sonography can sometimes resolve the 
problem by demonstrating the arterial enhancement in 
tumoral projections and the complete lack of enhance-
ment of benign septa and debris (see Fig. 18-12, A and 
B). Comet-tail artifacts are frequently encountered in 
cystic thyroid nodules and are likely related to the pres-
ence of microcrystals (see Fig. 18-10). In a published 
series of 100 patients presenting with this feature, FNA 
biopsy was benign in all cases.23 These comet-tail arti-
facts can be located in the cyst walls and internal septa-
tions or in the cyst fluid. When a more densely echogenic 
fluid is gravitationally layered in the posterior portion of 
a cystic cavity, the likelihood of hemorrhagic debris is 
very high. Frequently, patients with hemorrhagic debris 
present clinically with a rapidly growing, often tender 
neck mass. The spongiform appearance of thyroid 
nodules, related to the presence of tiny colloid changes, 
is an extremely uncommon finding in malignant nodules, 
particularly when it is associated with other findings such 
as well-defined margins and isoechogenicity. This pattern 
is highly predictive of a benign nodule (see Fig. 18-9).

Papillary carcinomas may rarely exhibit varying 
amounts of cystic change and appear almost indistin-
guishable from benign cystic nodules.68-70 In cystic papil-
lary carcinomas, however, the frequent sonographic 
detection of a solid elements or projections (≥1 cm with 
blood flow signals and/or microcalcifications) into the 
lumen can lead to suspicion of malignancy (see Fig. 
18-18). Cervical metastatic lymph nodes from either a 
solid or a cystic primary papillary cancer may also dem-
onstrate a cystic pattern; this is likely pathognomonic of 
malignant adenopathy.
Shape. A taller-than-wide shape, in which the AP diam-
eter is equal or less than its transverse diameter on a 
transverse or longitudinal plane, is specific for differen-
tiating malignant nodules from benign nodules, likely 
because malignant neoplasms (taller than wide) grow 
across normal tissue planes, whereas benign nodules 
grow parallel to normal tissue planes.61,67,68

Echogenicity. Thyroid cancers are usually hypoechoic 
relative to the adjacent normal thyroid parenchyma  
(see Fig. 18-15). Unfortunately, many benign thyroid 
nodules are also hypoechoic. In fact, most hypoechoic 
nodules are benign because benign nodules are so much 
more common than malignant nodules. As recently 
observed, however, marked hypoechogenicity is highly 
specific for diagnosing malignant nodules, whereas the 
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the current generation of Doppler instruments, which 
have extremely high sensitivity to blood flow, the over-
lapping of the two populations of nodules significantly 
increased, significantly reducing the diagnostic reliability 
of Doppler findings.81

Findings on gray-scale and color Doppler ultra-
sound become highly predictive for malignancy only 
when multiple signs are simultaneously present in a 
nodule.61,63,67 In a series the combination of absent halo 
sign plus microcalcifications plus intranodular flow 
pattern achieved a 97.2% specificity for the diagnosis 
of thyroid malignancy.61 In a recent report the presence 
of at least one malignant sonographic finding (taller-
than-wide shape, spiculated margin, marked hypoecho-
genicity, microcalcification and macrocalcification) had 
sensitivity of 83.3%, specificity of 74.0%, and diagnos-
tic accuracy of 78.0%.67 The presence of other findings 
(e.g., rim calcification) showed no statistical significance 
in the differentiation of a malignant nodule from a 
benign nodule.

Sonoelastography

Recently, a new sonographic technique called sonoelas-
tography (or elastosonography) has been applied to the 
study of thyroid nodules, following the results achieved 
for breast nodules. Sonoelastography provides infor-
mation on tissue elasticity, based on the premise that 
pathologic processes such as cancer alter the physical 
characteristics of the involved tissue. Sonoelastographic 
measurements are performed during the ultrasound 
examination, using the same ultrasound machine and 
the same transducer. The operator exerts light pressure 
with the probe and selects the portion of the image that 
includes the nodule to be evaluated. The purpose is to 
acquire two sonographic images (before and after tissue 
compression) and track tissue displacement by assessing 
the propagation of the beam, providing accurate mea-
surement of tissue distortion.82,83

The ultrasound elastogram is displayed over the 
typical B-mode gray-scale ultrasound scan in a color scale 
and classified by using the elasticity score.84 To minimize 
interobserver and intraobserver variability, the freehand 
compression applied on the neck region is standardized 
by real-time measurement displayed on a numeric scale 
to maintain an intermediate level optimal for elasto-
graphic evaluation. Four elastographic patterns have 
been classified as follows82,83,85:
Pattern 1: Elasticity in the whole nodule (Fig. 18-31).
Pattern 2: Elasticity in a large part of the nodule, with 

inconstant appearance of anelastic areas (Fig. 18-32).
Pattern 3: Constant presence of large anelastic areas at 

the periphery (Fig. 18-33).
Pattern 4: Uniformly anelastic (Fig. 18-34).

In recent literature reports, 78% to 100% of benign 
nodules had a score of 1 to 2, whereas 88% to 96% of 
malignant nodules had a score of 3 to 4. Sensitivity was 

shadowing (see Fig. 18-25). Pathologically, these densi-
ties are caused by reactive fibrosis and calcification 
around amyloid deposits, which are characteristic of 
medullary carcinoma. In the appropriate clinical setting 
(e.g., MEN II syndrome, increased serum calcitonin 
level), the finding of echogenic foci within a hypoechoic 
thyroid nodule or a cervical node can be highly sugges-
tive of medullary carcinoma.

Kakkos et al.74 found a strong association between 
sonographically detected thyroid calcifications and 
thyroid malignancy, particularly in young patients or 
those with a solitary thyroid nodule. Patients younger 
than 40 with calcified nodules constitute a high-risk 
group, four times more likely to harbor thyroid malig-
nancies than patients of the same age but without  
intranodular calcifications. Similarly, the presence of  
calcifications within a solitary nodule increases the inci-
dence of malignancy. Therefore, these patients must be 
further evaluated or followed.

According to multiple studies of the various sono-
graphic features seen in thyroid nodules, microcalcifica-
tions show the highest accuracy (76%), specificity 
(93%), and positive predictive value (70%) for malig-
nancy as a single sign. However, sensitivity is low  
(36%) and insufficient to be reliable for detection of 
malignancy.30,32,67,74

Doppler Flow Pattern. It is well known from histo-
logic studies that most hyperplastic nodules are hypo-
vascular lesions and are less vascular than normal thyroid 
parenchyma. On the contrary, most well-differentiated 
thyroid carcinomas are generally hypervascular, with 
irregular tortuous vessels and AV shunting (see Fig. 
18-16). Poorly differentiated and anaplastic carcino-
mas are often hypovascular because of the extensive 
necrosis associated with their rapid growth (see Fig. 
18-26).

Quantitative analysis of flow velocities is not accurate 
in differentiating benign from malignant nodules, so the 
only Doppler feature that may be useful is the distribu-
tion of vessels. With current technology, no thyroid 
nodule appears totally avascular or extremely hypovascu-
lar on color and power Doppler imaging. The two main 
categories of vessel distribution are nodules with periph-
eral vascularity and nodules with internal vascularity 
(with or without a peripheral component).20,21,75 Past 
studies demonstrated that 80% to 95% of hyperplastic, 
goitrous, and adenomatous nodules display peripheral 
vascularity, whereas 70% to 90% of thyroid malignan-
cies display internal vascularity, with or without a 
peripheral component.5,18,75-77 In addition, the resistive 
index (RI) of intranodular vessels was significantly higher 
in malignant nodules. Consequently, the vascular pattern 
and RI provide high sensitivity (92.3%) and specificity 
(88%) for the differentiation between benign and malig-
nant tumors.77 According to other reports, however, 
color Doppler imaging was not a reliable aid in the 
sonographic diagnosis of thyroid nodules.78-80 With 
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affords continuous real-time visualization of the needle, 
a crucial requirement for the biopsy of small lesions. 
Most physicians use a 25-gauge needle employing either 
capillary action or minimal suction with a syringe (Video 
18-6). There are reports of the usefulness of large-gauge, 
automated cutting needles for improved pathologic 
diagnosis.89,90

Sonographic guidance is generally suggested for all 
thyroid aspiration biopsies, but it is strongly recom-
mended in three settings. The first situation is the ques-
tionable or inconclusive physical examination when a 
nodule is suggested but cannot be palpated with cer-
tainty. In these patients, sonography is used to confirm 
the presence of a nodule and to provide guidance for 

82% to 97%, specificity 78% to 100%, positive predic-
tive value 64% to 81%, and negative predictive value 
91% to 98%.83-88

Specificity and sensitivity are relatively independent of 
the nodule’s size. However, the best accuracy is achieved 
in small nodules and when FNA biopsy is nondiagnostic 
or suggests a follicular lesion, provided the nodule is 
solid and devoid of coarse calcifications.

Guidance for Needle Biopsy

Sonographically guided percutaneous needle biopsy of 
cervical masses has become an important technique in 
many clinical situations. Its main advantage is that it 

A B

FIGURE 18-31. Use of ultrasound elastography on thyroid nodule: benign nodular hyperplasia (pattern 
1). A, Conventional longitudinal B-mode sonogram with color Doppler shows a hypoechoic solid nodule (arrows) with peripheral halo, 
internal comet-tail artifacts, and perilesional blood flow pattern. B, Longitudinal ultrasound elastography at same location demonstrates 
a “soft” color pattern 1.

FIGURE 18-32. Use of ultrasound elastography on thyroid nodule: benign nodular hyperplasia with cystic 
changes (pattern 2). Left half of image shows a cystic, poorly defined nodule on conventional B-mode gray-scale sonogram. Right 
half of sonoelastogram of the nodule shows a predominantly elastic (green) pattern with a few internal anelastic bandlike areas.
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clusive, most often because of the aspiration of nondiag-
nostic fluid from cystic lesions. Sonography may be used 
in these cases to guide the needle selectively into a solid 
portion of the mass. The diagnostic accuracy of FNA is 
very high, with sensitivity of approximately 85% and 
specificity of 99% in centers with extensive experience 
using these procedures.43-50,91

In patients who have undergone a previous thyroid 
resection for carcinoma, sonographically guided FNA 
has become an important method in the early diagnosis 
of recurrent or metastatic disease in the neck. In patients 

accurate biopsy. The second setting involves patients  
at high risk for thyroid cancer with a normal gland  
on physical examination but a sonographically demon-
strated nodule. This group includes patients with a pre-
vious history of head and neck irradiation, a positive 
family history of MEN II syndrome, or a previous sub-
total thyroid resection for malignancy. The third situa-
tion for ultrasound FNA guidance involves patients who 
had a nondiagnostic or inconclusive biopsy performed 
under direct palpation. Usually about 20% of specimens 
obtained by palpation guidance are cytologically incon-

A B

FIGURE 18-33. Use of ultrasound elastography on thyroid nodule: papillary thyroid carcinoma (pattern 
3). A, Conventional longitudinal B-mode sonogram demonstrates a hypoechoic papillary carcinoma with irregular, poorly defined margins 
(arrow). B, Ultrasound elastography shows a predominantly anelastic (blue) pattern with a few small, elastic (green) areas in the posterior 
portion.

FIGURE 18-34. Use of ultrasound elastography on thyroid nodule: papillary thyroid carcinoma (pattern 
4). Right half of image shows a hypoechoic solid nodule (arrow) with microcalcifications, typical of papillary carcinoma. Left half of 
image shows that on ultrasound elastography, the nodule is almost entirely anelastic (blue) pattern 4. The small, elastic areas seen in the 
posterior portion of the lesion are artifacts caused by pulsations of the underlying carotid artery.
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“washout” of the aspirate can be sent for thyroglobulin 
assay, which is highly accurate for the diagnosis of meta-
static papillary and follicular cancer.94

Guidance for Percutaneous Treatment

Ethanol Injection of Benign Cystic Thyroid 
Lesions. Lesions containing fluid (usually colloid cysts) 
account for 31% of thyroid nodules found on sonogra-
phy, but less than 1% of these are pure epithelial-lined 
cysts.5 Management of cystic thyroid nodules relies first 
on FNA biopsy to rule out malignancy. Simple aspira-
tion may result in permanent shrinkage of the lesion, but 
the recurrence rate after aspiration is high, 10% to 80%, 
depending on the number of aspirations and the cyst 
volume; the greater the volume, the greater the recur-
rence risk.95,96

Prevention of cyst recurrence requires intranodular 
injection of a sclerosing agent. Ethanol has been used 
successfully for the past 20 years, with accurate place-
ment using real-time sonographic guidance. Ethanol is 
distributed within tissues by diffusion and induces cel-
lular dehydration and protein denaturation, followed 
by coagulation necrosis and reactive fibrosis. The cyst 
fluid is completely aspirated with a fine needle, and 
then sterile 95% ethanol is injected under ultrasound 
guidance, in an amount varying from 30% to 60% 
(according to different experiences) of the aspirated 
fluid97,98 (Fig. 18-37). Subsequently, ethanol can be 
either reaspirated in 1 to 2 days or permanently left in 
place. In large cystic cavities, this procedure can be 
repeated once or twice after several weeks. The volume 
reduction of the cyst is more significant if a larger 

who have undergone hemithyroidectomy for a benign 
nodule, with the detection of one or more foci of occult 
malignant tumor in the surgical specimen, ultrasound 
evaluation of the contralateral lobe is warranted to 
exclude the existence of a residual nodule.

Cervical lymph nodes, both normal and abnormal, 
can be readily visualized by high-resolution sonography. 
They tend to lie along the internal jugular chain, extend-
ing from the level of the clavicles to the angle of the 
mandible, or to be in the region of the thyroid bed. 
Benign cervical lymph nodes usually have a slender, 
oval shape and often exhibit a central echogenic band 
that represents the fatty hilum (Fig. 18-35). Malignant 
lymph nodes, on the other hand, are more often located 
in the lower third of the neck and are usually rounder 
and have no echogenic hilum, presumably because  
of obliteration by tumor infiltration (see Fig. 18-17). 
Although often hypoechoic, malignant nodes may be 
diffusely echogenic, may be heterogeneous, and may 
contain calcifications and cystic changes. Calcifications 
can be seen in nodal metastases from papillary and med-
ullary thyroid malignancies, and cystic changes are very 
characteristic in metastatic papillary carcinoma.92 In 
addition, Lyshchik et al.93 recently reported that at sono-
elastography, cervical lymph nodes with a strain index 
greater than 1.5 are usually malignant (85% sensitivity 
and 98% specificity).

When the differentiation between benign and malig-
nant lymph nodes is not feasible with sonography, FNA 
under sonographic guidance is often used. In our experi-
ence, biopsy can be done with a high degree of accuracy 
in cervical nodes that are as small as 0.5 cm in diameter60 
(Fig. 18-36). In addition to cytologic analysis, the 

A B

FIGURE 18-35. Normal cervical lymph nodes: elongated shape is typical. Longitudinal images. A, Slender node is 
homogeneous except for central echogenic hilum. B, Normal homogeneous slender node near the jugular vein without a visible hilum.
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treatment range from 72% to 95% at long-term follow-
up,97-100 achieved without a change in thyroid function. 
Ethanol injection is considered the percutaneous treat-
ment of choice for cystic lesions of the thyroid gland at 
some institutions.
Ethanol Injection of Autonomously Functioning 
Thyroid Nodules. Thyroid nodules with independent 
secretory and proliferative activity are defined as 
autonomous thyroid nodules. On radionuclide scans, 
these nodules appear “hot,” in contrast to the low or 
absent extranodular uptake, likely related to the avidity 

amount of ethanol is injected; thus a relationship exists 
between the volume of ethanol instilled and the abla-
tive effect.

Ethanol injection is usually well tolerated by the 
patient. Transient mild to moderate local pain is the 
most common complication, a result of ethanol leaking 
into subcutaneous tissue. Rare complications of ethanol 
sclerotherapy are transient hyperthyroidism, hoarseness, 
hematoma, and dyspnea.

Reported success rates (total disappearance or volume 
reduction greater than 70% of initial volume) of this 

A B

FIGURE 18-36. Biopsy of recurrent papillary carcinoma in thyroid bed after thyroidectomy. A, Transverse scan 
of right side of the neck shows a 1-cm solid mass (arrows) medial to carotid artery (C) and jugular vein (J). B, Sonographically guided 
fine-needle aspiration with needle seen within mass (arrow).

A B

FIGURE 18-37. Ethanol treatment of large colloid cyst. A, Transverse image shows large colloid cyst with needle. Injected 
ethanol appears as low-level echoes (E); Tr, tracheal air shadow. B, Follow-up image 1 month later shows that the large cystic component 
has mostly resolved, leaving a slightly enlarged residual gland (arrows).
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Efficacy of response is inversely proportional to the 
nodule volume; the smaller the nodule, the more com-
plete the response. Complete cure is reported to be 
achieved in 68% to 100% of pretoxic nodules and 50% 
to 89% of toxic nodules.101-106 Ultrasound-guided percu-
taneous ethanol injection is the treatment of choice in 
older patients with contraindications to surgery, in preg-
nant patients, and in patients with large autonomous 
nodules (>40 mL), in addition to medical treatment to 
obtain euthyroidism more rapidly.

Recently, the use of radiofrequency ablation (RFA) 
with either internally cooled or multipronged electrodes 
has been reported in the treatment of autonomously 
functioning thyroid nodules, mostly for large nodules 
causing compressive symptoms. A significant decrease in 
size (≥50%) of the treated lesions was reported in all 
cases, and complete normalization of thyroid function 
was achieved in 24% to 44% of patients.107,108

Percutaneous Treatment of Solitary Solid Benign 
“Cold” Thyroid Nodules. In patients with solitary 
solid, biopsy-proven, benign “cold” thyroid nodules, 
ethanol injection, interstitial laser photocoagulation, and 
RFA have been proposed as ultrasound-guided percuta-
neous treatments, to achieve marked shrinkage of the 
nodule to a small, fibrous-calcified mass. With percuta-
neous ethanol injection, a mean nodule volume reduc-
tion of 84% (range, 73%-98%) has been reported  
after 3 to 10 treatments.109 With low-power interstitial 
laser photocoagulation, mean thyroid nodule volumes 
decreased by 40% to 50% after 6 months, with improve-
ment of local clinical symptoms in approximately 80% 
of patients and no side effects.110-112

Radiofrequency ablation with internally cooled elec-
trodes and low power (20-70 W) has also been employed 
for the treatment of benign cold thyroid nodules, with 
only one ablation session for a single nodule. A signifi-
cant volume reduction of the treated nodules without 
adverse effects has been reported at follow-up, but studies 
with longer follow-up are needed to assess efficacy and 
safety.113 RFA and ethanol injection have been proposed 
for the treatment of recurrent disease and metastatic 
lymph nodes in patients who have previously undergone 
surgery.114

Percutaneous Ethanol Injection of Cervical Nodal 
Metastases from Papillary Carcinoma. Percutaneous 
ethanol injection (PEI) is an effective and safe method 
of treatment for limited lymph node metastasis from 
thyroid cancer. In a 2002 report from the Mayo Clinic, 
14 patients who had undergone thyroidectomy for papil-
lary thyroid carcinoma (PTC) presented with 29 meta-
static lymph nodes on follow-up sonographic imaging.115 
Each node was treated with direct injection of ethanol 
using ultrasound guidance. Follow-up examination at 2 
years showed a 95% decrease in the size of treated nodes. 
There were no major complications (e.g., recurrent 
laryngeal nerve palsy, bleeding) in the Mayo Clinic series 
or in 187 patients with papillary cancer nodes treated 

of iodine trapping and the degree of thyroid hyper-
function. Patients may be toxic or nontoxic, depending 
on the amount of thyroid hormones secreted. The 
level of hyperthyroidism is usually proportional to  
the nodule volume. Therefore, autonomous thyroid 
nodules can cause a range of functional abnormalities, 
from euthyroidism (compensated) to subclinical hyper-
thyroidism (pretoxic) and clinical hyperthyroidism 
(toxic).

The currently available treatments of autonomous 
nodules include surgery and radioactive iodine therapy. 
Surgery is effective but has the disadvantage of intrinsic 
anesthesiologic and surgical risks. Radioactive iodine 
therapy may require repeated sessions before achieving 
euthyroidism.

Percutaneous ethanol injection under ultrasound 
guidance, first proposed by Livraghi et al.101 in 1990, is 
an alternative therapy. The diffusion of ethanol causes 
direct damage. Cell dehydration is followed by immedi-
ate coagulation necrosis and subsequent fibrotic changes. 
Sterile 95% ethanol is injected through a 21- or 22-gauge 
spinal needle with closed conical tip and three terminal 
side holes. This allows the injection of a large amount of 
ethanol, reduces the total number of sessions, increases 
the treated volume, and minimizes the risk of laryngeal 
nerve damage because of the lateral diffusion of ethanol. 
Several treatment sessions are needed (usually four to 
eight), generally performed at 2-day to 2-week intervals. 
The total amount of ethanol delivered is usually 1.5 
times the nodular volume.

Color Doppler imaging and, if available, contrast-
enhanced sonography are extremely valuable to assess  
the results of ethanol injection. The reduction (up to 
complete disappearance) of vascularity and contrast 
enhancement is directly related to the ethanol-induced 
necrosis. In addition, residual vascularity after treatment 
can be targeted to achieve complete ablation.102 Com-
plete cure is defined as normalization of serum free 
thyroid hormones and serum thyrotropin and scinti-
graphic reactivation of extranodular tissue. Partial cure 
occurs when serum free thyroid hormones and thyrotro-
pin levels are normalized, but the nodule is still visible 
at scintigraphy.101,103

Percutaneous ethanol injection is generally well toler-
ated. The common side effect is a brief burning sensa-
tion or moderate pain at the injection site, radiating to 
the mandibular or retroauricular regions. The slow 
withdrawal of the needle and use of the multihole 
needle reduce this side effect. In some patients with 
larger nodules, when the amount of necrosis is high, 
fever lasting 2 to 3 days develops after the initial treat-
ments. The only important complication is transient 
damage of the recurrent laryngeal nerve, reported 1%  
to 4% of cases.81,84 Nerve damage is induced chemically 
or by compression. Full nerve recovery is likely because, 
in contrast to surgery, there is no anatomic nerve 
interruption.
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The PEI technique is similar to the method used for 
percutaneous ethanol therapy of parathyroid adenomas. 
A 25-gauge needle is attached to a tuberculin syringe 
containing up to 1 mL of 95% ethanol. The needle  
is placed with ultrasound guidance using a freehand 
technique that allows fine positioning of the needle 
within the node (Fig. 18-38). Each node is injected in 

with PEI at the Ito Hospital in Japan.116 Kim et al.117 
reported similar excellent results in 27 PTC patients with 
47 neck recurrences; all treated lesions significantly 
decreased in volume (mean, 93.6%). They concluded 
that PEI offered an alternative for controlling neck recur-
rence of PTC in select patients who were poor surgical 
candidates.

A B

C D

FIGURE 18-38. Ethanol treatment of thyroid metastasis in a cervical lymph node. A, Longitudinal color 
Doppler image shows a round, 1.6-cm, pathologic-appearing node with moderate vascularity. B, The tip of a 25-gauge needle (arrow) 
is in the lymph node. C, The ethanol effect is visible as a focal hyperechoic area (arrow) at injection and is caused by microbubbles 
that form from the interaction of ethanol with the tissues. This hyperechoic appearance will last from several seconds to several minutes 
and will be followed by a normal or near-normal appearance. During the injection, the hyperechogenicity is a useful marker to  
identify the areas treated. D, Follow-up power Doppler image 6 months after ethanol injection shows that the lymph node has dramati-
cally decreased in size (0.4 cm) and is no longer vascular. No further therapy is needed except to follow every 6 to 12 months to confirm 
lack of change.
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several sites. The portion of the node that is injected 
becomes hyperechoic due to the formation of micro-
bubbles of gas. After usually less than 1 minute, the 
hyperechoic zone decreases. The needle is repositioned 
in the node, and several injections are made until the 
node appears adequately treated. Patients may experi-
ence mild to moderate pain at injection, but this resolves 
within minutes. For small nodes about 5 mm in diam-
eter, a single injection may be sufficient. For larger 
nodes, a reinjection the following day is needed for  
complete therapy. Follow-up ultrasound at 3 to 6  
months will show a reduction in size of the node in  
most cases. If blood flow was visualized in the node 
before therapy, it will often be significantly decreased or 
absent on follow-up. If on follow-up the size of the node 
has not decreased, or if there is residual blood flow  
on power Doppler examination, a repeat injection is 
performed.

Although since 1993 we have successfully treated 
recurrent neck nodal metastases from both Hürthle cell 
cancer and medullary thyroid cancer, we believe PEI is 
optimally employed in select patients with PTC, particu-
larly those who had multiple prior neck surgeries and 
who proved to be refractory to repeated applications of 
therapeutic radioactive iodine. The majority of our PEI-
treated patients at Mayo have proved to be pTNM stage 
I PTC, whose cause-specific survival approaches 100% 
but whose quality of life is diminished by multiple neck 
nodal recurrences. Of 35 such patients treated from 
1993 to 2004, 52% of their 56 PEI-treated nodes com-
pletely disappeared, while the remaining 48% were iden-
tifiable, were significantly reduced in size, and had no 
Doppler flow. These stage I patients were followed on 
average for 5.6 years (range, 3-14 years); there was no 
documented regrowth of any PEI-treated nodes, and no 
treated node required further surgical intervention. At 
latest follow-up, the median serum thyroglobulin (tumor 
marker) level was almost undetectable at 0.3 ng/mL, and 
none of the 35 patients had hoarseness after successful 
PEI treatment.118

The Incidentally Detected Nodule

Although using high-frequency sonography to detect 
small, nonpalpable thyroid nodules may be beneficial  
in certain clinical settings, it may actually introduce 
problems in other situations. What should one do with 
the many thyroid nodules detected incidentally during 
carotid, parathyroid, and other sonographic examina-
tions of the neck? The goal should be to avoid extensive 
and costly evaluations in the majority of patients with 
benign disease, without missing the minority of patients 
who have clinically significant thyroid cancer (Table 
18-3). Understanding the challenge of selecting nodules 
for workup requires background information in the fol-
lowing four areas:

100

80

60

40

20

0

0 10 20 30 40 50 60 70 80 90

P
t w

ith
 n

od
ul

es
 (

%
)

Age, yr

FIGURE 18-39. Prevalence of thyroid nodules on 
autopsy and sonography. Autopsy (blue circles) revealed 
thyroid nodules on average in 49% of patients in 1955, and 
sonography (orange circles) detected thyroid nodules in 41% 
in 1985, with both shown here as a function of patient age.  
(From Horlocker TT, Hay JE, James EM, et al. Prevalence of 
incidental nodular thyroid disease detected during high-resolution 
parathyroid ultrasonography. In Medeiros-Neto G, Gaitlin E, editors. 
Frontiers in thyroidology. Vol 2. New York, 1986, Plenum, pp 
1309-1312.)

TABLE 18-3. PREVALENCE OF THYROID 
NODULES

METHOD OF DETECTION PATIENTS (%)

Autopsy 49
Sonography 41
Palpation 7
Occult cancer (autopsy) 2
Cancer incidence (annual) 0.005

1. The epidemic of thyroid nodules has resulted 
mostly from ultrasound imaging.

On physical palpation, an estimated 7% of the North 
American population has at least one thyroid nodule. In 
contrast, there is an “epidemic” of thyroid nodules 

EVALUATION OF NODULES 
INCIDENTALLY DETECTED  

BY SONOGRAPHY

Nodules less than 1.5 cm
• Followed by palpation at next physical 

examination.
Nodules greater than 1.5 cm
• Evaluation, usually by FNA.
Nodules that have malignant features
• Evaluation by FNA.

FNA, Fine-needle aspiration.
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false-negative rate of 3% to 5%.127 Third, interpretive 
skills vary widely regarding cytopathology of the thyroid 
nodule. Unfortunately, in less experienced centers, the 
report of “follicular cells are present, cannot exclude fol-
licular neoplasm” occurs more frequently than in centers 
with greater interpretive experience. This report typically 
leads to the need for surgical excision. Given these con-
siderations, an estimated 18% of all patients who have 
FNA biopsy ultimately undergo surgery for nodule exci-
sion based on positive, suspicious, or nondiagnostic 

detected by ultrasound, with studies showing up to 67% 
of patients having a nodule.119 Our study of 1000 con-
secutive patients imaged with 10-MHz ultrasound trans-
ducers showed a prevalence of 41%.120 This study also 
showed an increasing prevalence with advancing age, 
which parallels autopsy rates of prevalence compared 
with patient age (Fig 18-39).

From these studies it is reasonable to estimate that 
more than 100 million Americans have thyroid nodules 
on ultrasound. The problem of the high rate of inciden-
tally detected thyroid nodules, the so called “inciden-
taloma,” has led some to ask if it is “time to turn off the 
ultrasound machines.”121 The morbidity and cost to 
patients and society from workup of these nodules may 
far outweigh the benefit of detecting an occult thyroid 
cancer, because the vast majority of thyroid cancers 
behave in a benign manner. Specifically, patients with 
PTC have a 99% 10-year survival and approximately a 
95% overall 30-year survival.57,122

2. The incidence of thyroid cancer is increasing.
Over 50 years ago, pathologists reported that clinically 
insignificant thyroid cancer was a common finding at 
autopsy. In the 1980s, Harach et al.123 studied thinly 
sectioned thyroid glands at autopsy and found that 36% 
had occult thyroid cancer. They stated that had they 
sectioned the glands even more finely, almost every 
person would harbor a thyroid cancer. They concluded 
that occult PTC was a “normal” finding at autopsy.

Over the last three decades, the reported incidence of 
thyroid cancer in North America has more than 
doubled.124 This raises the question whether the increase 
is caused by a real increased incidence of thyroid cancer 
or if it is simply a result of an increased rate of detection 
by diagnostic imaging methods such as ultrasound. Ana-
lyzing the data, Davies and Welch124 found that the 
increased incidence resulted from increased detection of 
subclinical disease rather than from an increase in the 
true occurrence of thyroid cancer. Their work showed 
that PTC accounts for virtually the entire increase in 
incidence (Fig. 18-40). They also showed that the 
increased rate of detection is caused by small, subclinical 
thyroid cancer (Fig. 18-41). Furthermore, although the 
prevalence of thyroid cancer more than doubled over 30 
years, the mortality rate remained unchanged (Fig. 
18-42). According to Ross,125 “Considering the anxiety, 
costs and complications suffered by many of these 
patients, one can reasonably question the benefits of 
increased cancer detection.”
3. What are the costs of frequent use of FNA 

biopsy for management of incidentally detected 
thyroid nodules?

If FNA biopsy were used as the automatic next step after 
nodule detection, the costs to patients and society would 
be great. Whereas FNA biopsy is considered the “gold 
standard” for nodule diagnosis, it is an imperfect tech-
nique for many reasons. First, the results are nondiag-
nostic in 10% to 20% of cases.91,126 Second, there is a 
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FIGURE 18-40. Thyroid cancer: incidence. Graph 
shows the increasing incidence of thyroid cancer in North America 
during the past three decades. Note that the type of thyroid 
malignancy is almost entirely caused by papillary carcinoma. The 
increasing incidence results from the increased rate of detection 
by diagnostic imaging methods such as ultrasound, rather than 
from an increase in the true occurrence of thyroid cancer.
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of tumor. Note that the increased incidence of thyroid carci-
noma is primarily the result of the detection of smaller tumors.
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the small nodules detected incidentally on ultrasound. If 
technically possible, we usually obtain FNA biopsy of 
lesions that exhibit sonographic features strongly associ-
ated with malignancy, such as marked hypoechogenicity, 
taller-than-wide shape, and thick irregular margins, as 
well as lesions containing microcalcifications.

DIFFUSE THYROID DISEASE

Several thyroid diseases are characterized by diffuse 
rather than focal involvement. This usually results in 
generalized enlargement of the gland (goiter) and no 
palpable nodules. Specific conditions that produce such 
diffuse enlargement include chronic autoimmune lym-
phocytic thyroiditis (Hashimoto’s thyroiditis), colloid or 
adenomatous goiter, and Graves’ disease. These condi-
tions are usually diagnosed on the basis of clinical and 
laboratory findings and occasionally FNA biopsy. Sonog-
raphy is seldom indicated. However, high-resolution 
sonography can be helpful when the under lying diffuse 
disease causes asymmetrical thyroid enlargement, which 
suggests a mass in the larger lobe. The sonographic 
finding of generalized parenchymal abnormality may 
alert the clinician to consider diffuse thyroid disease as 
the underlying cause. FNA, with sonographic guidance 
if necessary, can be performed if a nodule is detected. 
Recognition of diffuse thyroid enlargement on sonogra-
phy can often be facilitated by noting the thickness of 
the isthmus, normally a thin bridge of tissue measuring 
only a few millimeters in AP dimension. With diffuse 
thyroid enlargement, the isthmus may be up to 1 cm or 
more in thickness.

Each type of thyroiditis, including acute suppurative 
thyroiditis, subacute granulomatous thyroiditis (de 
Quervain’s disease), and chronic lymphocytic thyroiditis 
(Hashimoto’s disease) has distinctive clinical and labora-
tory features.132 Acute suppurative thyroiditis is a rare 
inflammatory disease usually caused by bacterial infec-
tion and affecting children. Sonography can be useful in 
select patients to detect the development of a frank 
thyroid abscess. The infection usually begins in the peri-
thyroidal soft tissues. On ultrasound images, an abscess 
is seen as a poorly defined, hypoechoic heterogeneous 

results, and most of these nodules are benign.91,128,129 Of 
these surgical patients, only 15% to 32% have cancer.91,128 
Therefore, the majority of patients who have surgery for 
thyroid nodule excision will have had an operation for 
clinically insignificant, benign nodular disease.

The potential cost of the FNA biopsy workup of these 
nodules must be considered. For discussion purposes, 
assume that 1 million of the estimated 300 million 
people in the United States undergo a high-frequency 
ultrasound thyroid examination, and that one or more 
thyroid nodules are detected in approximately 40%. 
Therefore, 400,000 people will have one or more thyroid 
nodules detected by ultrasound imaging. Assuming a 
cost of approximately $1500 for an ultrasound-guided 
FNA and cytologic analysis, $600 million could theoreti-
cally be spent to exclude or detect thyroid cancer in this 
group. If 18% of these FNA biopsies result in suspicious 
or nondiagnostic results, 72,000 procedures could occur 
at a cost of almost $20,000 each, for an additional cost 
of $1.44 billion. Finally, approximately 5%, or almost 
3600 patients, could experience significant postsurgical 
morbidity, including hoarseness, hypoparathyroidism, 
and long-lasting pain.130 Clearly, this type of aggressive 
management of thyroid nodules would entail massive 
health care expenditures and could have an extremely 
negative clinical impact.131

4. Which incidentally discovered nodules should be 
pursued?

Because of the many nodules detected on ultrasound, the 
therapeutic approach should allow most patients with 
clinically significant cancers to go on to further investiga-
tions. More importantly, it should allow most patients 
with benign lesions to avoid further costly, potentially 
harmful workup. With this goal in mind, many prac-
tices, including ours, have found that it is both impracti-
cal and imprudent to pursue the diagnosis for most of 
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FIGURE 18-42. Thyroid cancer: incidence versus 
mortality. Although the rate of occurrence of thyroid cancer 
has more than doubled in the last 30 years, the mortality rate is 
unchanged over that period.

DIFFUSE THYROID DISEASES

Acute suppurative thyroiditis
Subacute granulomatous thyroiditis
Hashimoto’s thyroiditis (chronic lymphocytic 

thyroiditis)
Adenomatous or colloid goiter
Painless (silent) thyroiditis



742  PART III ■ Small Parts, Carotid Artery, and Peripheral Vessel Sonography

Hashimoto’s thyroiditis is diffuse, coarsened, parenchy-
mal echotexture, generally more hypoechoic than a 
normal thyroid130 (Fig. 18-44). In most cases the gland 
is enlarged. Multiple, discrete hypoechoic microno-
dules from 1 to 6 mm in diameter are strongly suggestive 
of chronic thyroiditis; this appearance has been called 
micronodulation (Fig. 18-44; Video 18-7). Microno-
dulation is a highly sensitive sign of chronic thyroiditis, 
with a positive predictive value of 94.7%.135 Histologi-
cally, micronodules represent lobules of thyroid paren-
chyma that have been infiltrated by lymphocytes and 
plasma cells. These lobules are surrounded by multiple 
linear echogenic fibrous septations (Fig. 18-45). These 
fibrotic septations may give the parenchyma a “pseudo-
lobulated” appearance. Both benign and malignant 
thyroid nodules may coexist with chronic lymphocytic 
thyroiditis, and FNA is often necessary to establish the 
final diagnosis136 (Figs. 18-46 to 18-48). As with other 
autoimmune disorders, there is an increased risk of 
malignancy, with a B-cell malignant lymphoma most 
often arising within the gland.

The vascularity on color Doppler imaging is normal 
or decreased in most patients with the diagnosis of 

mass with internal debris, with or without septa and gas. 
Adjacent inflammatory nodes are often present.

Subacute granulomatous thyroiditis or de Quer-
vain’s disease, is a spontaneously remitting inflamma-
tory disease probably caused by viral infection. The 
clinical findings include fever, enlargement of the gland, 
and pain on palpation. Sonographically, the gland  
may appear enlarged and hypoechoic, with normal or 
decreased vascularity caused by diffuse edema of the 
gland, or the process may appear as focal hypoechoic 
regions133,134 (Fig. 18-43). Although usually not neces-
sary, sonography can be used to assess evolution of de 
Quervain’s disease after medical therapy.

The most common type of thyroiditis is chronic auto-
immune lymphocytic thyroiditis, or Hashimoto’s 
thyroiditis. It typically occurs as a painless, diffuse 
enlargement of the thyroid gland in a young or middle-
aged woman, often associated with hypothyroidism. It is 
the most common cause of hypothyroidism in North 
America. Patients with this autoimmune disease develop 
antibodies to their own thyroglobulin as well as to the 
major enzyme of thyroid hormonogenesis, thyroid per-
oxidase (TPO). The typical sonographic appearance of 

A B

C

FIGURE 18-43. Focal areas of subacute thy-
roiditis. A, Longitudinal power Doppler image of the 
thyroid gland shows two poorly defined hypoechoic areas 
(arrow) caused by subacute thyroiditis at fine-needle aspira-
tion. B, Longitudinal image of a different patient shows 
poorly defined hypoechoic area (arrows). C, This area returns 
to normal on follow-up examination 4 weeks later after 
medical therapy.
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lower pole of the thyroid gland (Fig. 18-49). The end 
stage of chronic thyroiditis is atrophy, when the thyroid 
gland is small, with poorly defined margins and hetero-
geneous texture caused by progressive fibrosis. Blood 
flow signals are absent. Occasionally, discrete nodules 
occur, and FNA biopsy is needed to establish the 
diagnosis.136

Hashimoto’s thyroiditis (see Fig. 18-44). Occasionally, 
hypervascularity similar to the “thyroid inferno” of 
Graves’ disease occurs. One study suggested that hyper-
vascularity occurs when hypothyroidism develops, 
perhaps related to stimulation from the associated high 
serum levels of thyrotropin (TSH).137 Often, cervical 
lymphadenopathy is present, most evident near the 

A B

C D

E F

FIGURE 18-44. Hashimoto’s thyroiditis: micronodularity. A, Transverse, and B, longitudinal, images of the left lobe 
demonstrate multiple small hypoechoic nodules that are lymphocyte infiltration of the parenchyma. C and D, Longitudinal images of 
another patient show multiple tiny hypoechoic nodules and increased flow on power Doppler. This increased flow may indicate an acute 
phase of the thyroiditis. E and F, Longitudinal images of a different patient show multiple tiny hypoechoic nodules and decreased flow 
on color Doppler scan. The blood flow is normal or diminished in most cases of Hashimoto’s thyroiditis.
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A B

C D

FIGURE 18-45. Hashimoto’s thyroiditis: coarse septations. A, Transverse dual image of the thyroid shows marked diffuse 
enlargement of both lobes and the isthmus. Multiple linear bright echoes throughout the hypoechoic parenchyma are caused by lympho-
cytic infiltration of the gland with coarse septations from fibrous bands. Tr, Tracheal air shadow. B, Transverse, and C, longitudinal, 
images of another patient demonstrate linear echogenic septations throughout the gland. D, Longitudinal image of another patient shows 
thicker echogenic linear areas that separate hypoechoic regions.

FIGURE 18-46. Hashimoto’s thyroiditis: nodule. 
Longitudinal image shows a discrete hypoechoic nodule (arrows) 
that proved to be Hashimoto’s thyroiditis at fine-needle aspiration 
biopsy.

FIGURE 18-47. Hashimoto’s thyroiditis with papil-
lary thyroid cancer. Longitudinal image shows classic 
Hashimoto’s thyroiditis (micronodularity) and a hypoechoic 
dominant nodule (arrow) in the upper pole caused by papillary 
thyroid carcinoma. A dominant nodule in Hashimoto’s thyroiditis 
should be considered “indeterminate” and fine-needle aspiration 
performed.
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frequently multinodular or adenomatous goiter, may 
have a similar sonographic appearance. Most patients 
with adenomatous goiter have multiple discrete nodules 
separated by otherwise normal-appearing thyroid paren-
chyma (see Fig. 18-29); others have enlargement with 
rounding of the poles of the gland, diffuse parenchymal 
inhomogeneity, and no recognizable normal tissue. Ade-
nomatous goiter affects women three times more often 
than men.

Graves’ disease is a common diffuse abnormality of 
the thyroid gland and is usually biochemically character-
ized by hyperfunction (thyrotoxicosis). The echotexture 
may be more inhomogeneous than in diffuse goiter, 
mainly because of numerous large, intraparenchymal 
vessels. Further, especially in young patients, the paren-
chyma may be diffusely hypoechoic because of the exten-
sive lymphocytic infiltration or the predominantly 
cellular content of the parenchyma, which becomes 
almost devoid of colloid substance. Color Doppler 
sonography often demonstrates a hypervascular pattern 
referred to as the thyroid inferno (Fig. 18-50). Spectral 
Doppler will often demonstrate peak systolic velocities 
exceeding 70 cm/sec, which is the highest velocity found 

Painless (silent) thyroiditis has the typical histologic 
and sonographic pattern of chronic autoimmune thy-
roiditis (hypoechogenicity, micronodulation, and fibro-
sis), but clinical findings resemble classic subacute 
thyroiditis, with the exception of node tenderness. Mod-
erate hyperthyroidism with thyroid enlargement usually 
occurs in the early phase, in some cases followed by 
hypothyroidism of variable degree. In postpartum thy-
roiditis the progression to hypothyroidism is more 
common. In most cases the disease spontaneously remits 
within 3 to 6 months, and the gland may return to a 
normal appearance.

Although the appearance of diffuse parenchymal 
inhomogeneity and micronodularity is typical of Hashi-
moto’s thyroiditis, other diffuse thyroid diseases, most 

FIGURE 18-48. Lymphoma in Hashimoto’s thyroid-
itis. Transverse image of the left lobe shows diffuse hypoechoic 
enlargement caused by lymphoma in a gland with Hashimoto’s 
thyroiditis; Tr, tracheal air shadow.

FIGURE 18-49. Hashimoto’s thyroiditis with hyper-
plastic enlarged lymph nodes. Longitudinal image 
shows micronodularity of Hashimoto’s thyroiditis and an enlarged 
lymph node (arrow) inferior to the lower pole.

A

B

FIGURE 18-50. Hyperthyroidism: Graves’ disease. 
A, Transverse dual image of the thyroid gland shows marked 
diffuse enlargement of both thyroid lobes and the isthmus. The 
gland is diffusely hypoechoic. B, Transverse color Doppler image 
of the left lobe shows increased vascularity, indicating an acute 
stage of the Graves’ disease process; Tr, trachea.
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cases of invasive fibrous thyroiditis examined sonograph-
ically, the gland was diffusely enlarged and had an in-
homogeneous parenchymal echotexture. The primary 
reason for sonography is to check for extrathyroid exten-
sion of the inflammatory process, with encasement of the 
adjacent vessels (Fig. 18-51). Such information can be 
particularly useful in surgical planning. Open biopsy is 
generally required to distinguish this condition from 
anaplastic thyroid carcinoma. The sonographic findings 
in these two diseases may be identical.
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High-frequency sonography is a well-established, 
noninvasive imaging method used in the evaluation and 
treatment of patients with parathyroid disease. Sonogra-
phy is often used for the preoperative localization of 
enlarged parathyroid glands or adenomas in patients 
with hyperparathyroidism. Ultrasound is also used to 
guide the percutaneous biopsy of suspected parathyroid 
adenomas or enlarged glands, particularly in patients 
with persistent or recurrent hyperparathyroidism, as  
well as in some patients with suspected ectopic glands. 
In select patients, sonography can be used to guide the 
percutaneous ethanol ablation of parathyroid adenomas 
as an alternative to surgical treatment.

EMBRYOLOGY AND ANATOMY

The paired superior and inferior parathyroid glands have 
different embryologic origins, and knowledge of their 
development aids in understanding their ultimate ana-
tomic locations.1-3 The superior parathyroid glands 
arise from the paired fourth branchial pouches (clefts), 
along with the lateral lobes of the thyroid gland. Minimal 
migration occurs during fetal development, and the 
superior parathyroids usually remain associated with  
the posterior aspect of the middle to upper portion of 
the thyroid gland. The majority of superior parathyroid 
glands (>80%) are found at autopsy within a 2-cm area 

located just superior to the crossing of the recurrent 
laryngeal nerve and the inferior thyroid artery.4

The inferior parathyroid glands arise from the 
paired third branchial pouches, along with the thymus.2 
During fetal development, these “parathymus glands” 
migrate caudally along with the thymus in a more ante-
rior plane than their superior counterparts, bypassing the 
superior glands to become the inferior parathyroid 
glands.3 Because of their greater caudal migration, 
the inferior parathyroid glands are more variable in loca-
tion than the superior glands and can be found anywhere 
from the angle of the mandible to the pericardium. The 
majority of inferior parathyroid glands (>60%) come to 
rest at or just inferior to the posterior aspect of the lower 
pole of the thyroid4 (Fig. 19-1).

A significant percentage of parathyroid glands lie  
in relatively or frankly ectopic locations in the neck or 
mediastinum. Symmetry to fixed landmarks occurs in 
70% to 80%, so side-to-side comparisons can often be 
made.3,4 The ectopic superior parathyroid gland usually 
lies posterior to the esophagus or in the tracheoeso-
phageal groove, in the retropharyngeal space, or has con-
tinued its descent from the posterior neck into the 
posterosuperior mediastinum.5,6 Superior glands are 
less often found higher in the neck, near the superior 
extent of the thyroid, or rarely, surrounded by thyroid 
tissue within the thyroid capsule.4 The inferior parathy-
roid gland is more frequently ectopic than its superior 
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merary glands are often associated with the thymus in the 
anterior mediastinum, suggesting a relationship in their 
development with the inferior parathyroid glands.11 
Supernumerary glands have been reported in 13% of the 
population at autopsy studies;3,4 however, many of these 
are small, rudimentary or split glands. “Proper” supernu-
merary glands (>5 mg and located well away from the 
other four glands) are found in 5% of cases. The presence 
of fewer than four parathyroid glands is rare clinically, 
but has been reported in 3% at autopsy.

Normal parathyroid glands vary from a yellow to a 
red-brown color, depending on the degree of vascularity 
and the relative content of yellow parenchymal fat and 
chief cells.8 The chief cells are the primary source for the 
production of parathyroid hormone (PTH, parathor-
mone). The percentage of glandular fat typically increases 
with age or with disuse atrophy. Hyperfunctioning 
glands resulting from adenomas or hyperplasia contain 
relatively little fat and are vascular, thus more reddish. 
The glands are generally oval or bean shaped but may  
be spherical, lobular, elongated, or flattened. Although 
normal parathyroid glands are occasionally seen with 
high-frequency ultrasound,12,13 typically they are not 
visualized, likely because of their small size, deep loca-
tion, and poor conspicuity related to increased glandular 
fat. Eutopic parathyroid glands typically derive their 
major blood supply from branches of the inferior thyroid 
artery, with a lesser and variable contribution to the 
superior glands from the superior thyroid artery.3,7

PRIMARY 
HYPERPARATHYROIDISM

Prevalence

Primary hyperparathyroidism is now recognized as a 
common endocrine disease, with prevalence in the 
United States of 1 to 2 per 1000 population.14 Women 
are affected two to three times more frequently than 
men, particularly after menopause. More than half of 
patients with primary hyperparathyroidism are over 50 
years old, and cases are rare in those under age 20.

Diagnosis

Primary hyperparathyroidism is usually suspected  
because an increased serum calcium level is detected on 
routine biochemical screening. Elevated ionized serum 
calcium level, hypophosphatasia, and hypercalciuria may 
be further biochemical clues to the disease. A serum  
PTH level that is “inappropriately high” for the corre-
sponding serum calcium level confirms the diagnosis. 
Even when the PTH level is within the upper limits of 
the normal range in a hypercalcemic patient, the diagno-
sis of primary hyperparathyroidism should still be sus-
pected, since hypercalcemia from other nonparathyroid 

counterpart.4,6 About 25% of the inferior glands fail to 
completely dissociate from the thymus and continue to 
migrate in an anterocaudal direction and are found in 
the low neck along the thyrothymic ligament or em-
bedded within or adjacent to the thymus in the low neck 
and anterosuperior mediastinum. Less common ectopic 
positions of the inferior parathyroid glands include an 
undescended position high in the neck anterior to the 
carotid bifurcation associated with a remnant of thymus, 
and lower in the neck along or within the carotid sheath.7 
In other rare cases, ectopic glands have also been  
reported in the mediastinum posterior to the esophagus 
or carina, in the aortopulmonic window, within the  
pericardium, or even far laterally within the posterior 
triangle of the neck.

Most adults have four parathyroid glands, two supe-
rior and two inferior, each measuring about 5 × 3 × 1 mm 
and weighing on average 35 to 40 mg (range, 10-78 mg).3,8 
Supernumerary glands (>4) may be present and result 
from the separation of parathyroid anlage when the 
glands pull away from the pouch structures during the 
embryologic branchial complex phase.9,10 These supernu-

FIGURE 19-1. Location of parathyroid glands. Fre-
quency of the location of normal superior and inferior parathyroid 
glands. Anatomic drawing from 527 autopsies. T, Thymus. (Mod-
ified from Gilmour JR. The gross anatomy of the parathyroid glands. 
J Pathol 1938;46:133-148.)
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gland enlargement occurs in more than 90% of patients 
with MEN I.18,19 Most MEN I patients present with 
hypercalcemia before their third or fourth decade of life. 
Not all the parathyroid glands may be grossly enlarged 
at these patients’ initial operation, but all of them likely 
will ultimately be involved with hyperplasia. Patients 
with the MEN IIA syndrome less frequently develop 
parathyroid hyperplasia. Other, rarer familial syndromes 
may also be associated with primary hyperparathyroid-
ism caused by hyperplasia, adenomas, or carcinoma. An 
important hereditary hyperparathyroidism that must be 
distinguished from primary hyperparathyroidism caused 
by hyperplasia or adenoma is familial hypocalciuric 
hypercalcemia (benign familial hypercalcemia). Most of 
these patients are asymptomatic, without the complica-
tions of primary hyperparathyroidism. Parathyroidec-
tomy does not cure the hypercalcemia, and thus surgery 
is inappropriate.

Parathyroid carcinoma is a rare cause of primary 
hyperparathyroidism.20-23 The histologic distinction 
from adenoma is difficult to establish with certainty 
because both carcinomas and atypical adenomas can 
exhibit increased mitotic activity and cellular atypia. 
Patients with parathyroid carcinoma usually present  
with a very high serum calcium level (>14 mg/dL). The 
diagnosis is often made at operation when the surgeon 
discovers an enlarged, firm gland that is adherent to  
the surrounding tissues due to local invasion. A thick, 
fibrotic capsule is often present. Treatment consists of 
en bloc resection without entering the capsule, to prevent 
tumor seeding. In many cases, cure may not be possible 
because of the invasive and metastatic nature of the 
disease. Generally, death occurs not from tumor spread, 
but from complications associated with unrelenting 
hyperparathyroidism.

Treatment

No effective definitive medical therapies are available  
for the treatment of primary hyperparathyroidism. 
Short-term hypocalcemic agents include calcitonin and 
the bisphosphonates. Calcimimetics (calcium-sensing 
receptor agonists) such as cinacalcet and synthetic 
vitamin D analogs such as paricalcitol are used mainly 
in the treatment of secondary hyperparathyroidism.

Surgery is the only definitive treatment for primary 
hyperparathyroidism. Studies demonstrate that surgical 
cure rates by an experienced surgeon are greater than 
95%, and the morbidity and mortality rates are extremely 
low.24,25 Therefore, in symptomatic patients with primary 
hyperparathyroidism, the treatment of choice is surgical 
excision of the involved parathyroid gland or glands.

However, now that many cases of primary hyper-
parathyroidism are discovered in the early stages of the 
disease, some controversy exists as to whether asymptom-
atic patients with minimal hypercalcemia should be 
treated surgically, or followed medically with frequent 

causes (including malignancy) should suppress the glan-
dular function and decrease the serum PTH level. Because 
of earlier detection by increasingly routine laboratory 
tests, the later “classic” signs of hyperparathyroidism, 
such as “painful bones, renal stones, abdominal groans, 
and psychic moans,” are often not present. Many patients 
are now diagnosed before severe manifestations of hyper-
parathyroidism, such as nephrolithiasis, osteopenia, 
subperiosteal resorption, and osteitis fibrosis cystica. 
In general, patients rarely have obvious symptoms unless 
their serum calcium level exceeds 12 mg/dL. However, 
subtle nonspecific symptoms, such as muscle weakness, 
malaise, constipation, dyspepsia, polydipsia, and poly-
uria, may be elicited from these otherwise asymp tomatic 
patients by more specific questioning.

Pathology

Primary hyperparathyroidism is caused by a single 
adenoma in 80% to 90% of cases, by multiple gland 
enlargement in 10% to 20%, and by carcinoma in less 
than 1%.6,15,16 A solitary adenoma may involve any one 
of the four glands. Multigland enlargement most often 
results from primary parathyroid hyperplasia and less 
often from multiple adenomas. Hyperplasia usually 
involves all four glands asymmetrically, whereas multiple 
adenomas may involve two or possibly three glands. An 
adenoma and hyperplasia cannot always be reliably dis-
tinguished histologically, and the sample may be referred 
to as “hypercellular parathyroid” tissue. Because of this 
inconsistent pattern of gland involvement, and because 
distinguishing hyperplasia from multiple adenomas is 
difficult pathologically, these two entities are often  
histologically considered together as “multiple gland 
disease.”17

Most cases of primary hyperparathyroidism are spo-
radic. However, prior external neck irradiation has 
been associated with the development of hyperparathy-
roidism in a small percentage of cases. Patients receiving 
long-term lithium therapy may also present with 
primary hyperparathyroidism. Up to 10% of cases may 
occur on a hereditary basis, most often caused by mul-
tiple endocrine neoplasia syndrome, type I (MEN I). 
This condition is an uncommon disorder that most typi-
cally follows an autosomal dominant pattern of inheri-
tance and has a high penetrance, resulting in adenomatous 
parathyroid hyperplasia, as well as pancreatic islet cell 
tumors and pituitary adenomas. Multiple–parathyroid 

CAUSES OF PRIMARY 
HYPERPARATHYROIDISM

Single adenoma 80%-90%
Multiple gland disease 10%-20%
Carcinoma <1%
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tioning parathyroid lipoadenomas are more echogenic 
than the adjacent thyroid gland because of their high fat 
content34 (Fig. 19-3, G). A great majority of parathyroid 
adenomas are homogeneously solid. About 2% have 
internal cystic components resulting from cystic degen-
eration (most often) or true simple cysts (less often).35,36 
Adenomas may rarely contain internal calcification (Fig. 
19-3, H and I).

Vascularity

Color flow, spectral, and power Doppler sonography of 
an enlarged parathyroid gland may demonstrate a hyper-
vascular pattern with prominent diastolic flow (Fig. 
19-4). An enlarged extrathyroidal artery, often origi-
nating from branches of the inferior thyroidal artery, 
may be visualized supplying the adenoma with its inser-
tion along the long-axis pole.37-42 A finding described in 
parathyroid adenomas is a vascular arc, which envelops 
90 to 270 degrees of the mass. This vascular flow pattern 
may increase the sensitivity of initial detection of para-
thyroid adenomas and aid in confirming the diagnosis 
by allowing for differentiation from lymph nodes, which 
have a central hilar flow pattern. Asymmetric increased 
vascular flow may also be present in the thyroid gland 
adjacent to a parathyroid adenoma.

Size

Most parathyroid adenomas are 0.8 to 1.5 cm long and 
weigh 500 to 1000 mg. The smallest adenomas can be 
minimally enlarged glands that appear virtually normal 
during surgery but are found to be hypercellular on 
pathologic examination (Fig. 19-5; Video 19-1). Large 
adenomas can be 5 cm or more in length and weigh 
more than 10 g. Preoperative serum calcium levels are 
usually higher in patients with larger adenomas.31

Multiple Gland Disease

Multiple gland disease may be caused by diffuse hyper-
plasia or multiple adenomas. Individually, these enlarged 

measurements of bone density, serum calcium levels, and 
urinary calcium excretion and monitoring for nephroli-
thiasis. A prospective 10-year clinical follow-up study 
reported that of 52 asymptomatic patients with primary 
hyperparathyroidism with calcium levels less than 11 mg/
dL, 73% did well, with no evidence of disease progres-
sion. However, 27% had evidence of progression based 
on development of one or more indications for surgery.26 
Recommendations for the management of asymptomatic 
primary hyperparathyroidism have been outlined in 
various articles, many of which are based on the National 
Institutes of Health (NIH) Consensus Conference state-
ment and its subsequent updates. However, this area 
continues to evolve, and approaches to treatment may 
differ among clinical practices.24,25,27-30

SONOGRAPHIC APPEARANCE

Shape

Parathyroid adenomas are typically oval or bean shaped 
(Fig. 19-2). As parathyroid glands enlarge, they dissect 
between longitudinally oriented tissue planes in the  
neck and acquire a characteristic oblong shape. If this 
process is exaggerated, they can become tubular or flat-
tened. There is often asymmetry in the enlargement, and 
the cephalic and/or caudal end can be more bulbous, 
producing a triangular, tapering, teardrop or bilobed 
shape.19,31-33

Echogenicity and  
Internal Architecture

The echogenicity of most parathyroid adenomas is sub-
stantially less than that of normal thyroid tissue (Fig. 
19-3). The characteristic hypoechoic appearance of 
parathyroid adenomas is caused by the uniform hyper-
cellularity of the gland with little fat content, which 
leaves few interfaces for reflecting sound. Occasionally, 
adenomas have a heterogeneous appearance, with areas 
of increased and decreased echogenicity. The rare, func-
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FIGURE 19-2. Typical parathyroid adenoma. A, Transverse, and, B, longitudinal, sonograms of a typical adenoma (arrows) 
located adjacent to the posterior aspect of the thyroid (T); Tr, trachea; C, common carotid artery; J, internal jugular vein.
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example, if one gland is much larger than the others,  
the appearance may be misinterpreted as solitary adeno-
matous disease. Alternatively, if multiple glands are  
only minimally enlarged, the diagnosis may be missed 
altogether.

glands may have the same sonographic and gross appear-
ance as other parathyroid adenomas (Fig. 19-6; Video 
19-2). However, the glands may be inconsistently and 
asymmetrically enlarged, and the diagnosis of multigland 
disease can be difficult to make sonographically. For 
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FIGURE 19-3. Spectrum of echogenicity and internal architecture of parathyroid adenomas and enlarged 
hyperplastic glands. Longitudinal sonograms. A, Typical homogeneous hypoechoic appearance of a parathyroid adenoma 
(arrows) with respect to the overlying thyroid tissue. B, Highly hypoechoic solid adenoma (arrow). C, Mixed-geographic echogenicity. 
The adenoma (arrows) is hyperechoic in its cranial portion and hypoechoic in its caudal portion. D, An adenoma (arrows) with diffusely 
heterogeneous echotexture adenoma (arrows); T, thyroid. E, Partial cystic change. An ectopic adenoma (arrows) posterior to the jugular 
vein (J) has both solid and cystic components. F, Completely cystic 2-cm adenoma (cursors) near the lower pole of the thyroid (T). 
G, A lipoadenoma (arrow) is more echogenic than the adjacent lower pole thyroid tissue (T). H, Enlarged parathyroid gland (arrows) 
with small, nonshadowing calcifications in the setting of secondary hyperparathyroidism related to chronic renal failure; T, thyroid. 
I, Enlarged parathyroid gland (arrows) with densely shadowing peripheral calcifications in the setting of secondary hyperparathyroidism; 
T, thyroid.
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FIGURE 19-4. Typical hypervascularity of 
parathyroid adenoma. A, Longitudinal gray-scale, 
and B, longitudinal power Doppler ultrasound images 
show hypervascularity of a parathyroid adenoma with polar 
feeding vessel and prominent peripheral vascular arcs.  
C, Longitudinal power Doppler sonogram in another 
patient shows larger parathyroid adenoma with polar 
feeding vessel and prominent peripheral vascularity.
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FIGURE 19-5. Spectrum of size of parathyroid adenomas. Longitudinal sonograms. A, Minimally enlarged, 0.5 × 0.2–cm 
parathyroid adenoma (cursors). B, Typical midsized, 1.5 × 0.6–cm, 400-mg adenoma (arrow). C, Large, 3.5 × 2–cm, >4000-mg adenoma 
(cursors).
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pattern of dissection and visualization that the surgeon 
uses in a thorough neck exploration. The typical supe-
rior parathyroid adenoma is usually adjacent to the 
posterior aspect of the midportion of the thyroid (Fig. 
19-8; Video 19-3). The location of the typical inferior 
parathyroid adenoma is more variable but usually lies 
close to the lower pole of the thyroid (Fig. 19-9; Video 
19-4). Most of these inferior adenomas are adjacent to 
the posterior aspect of the lower pole of the thyroid, and 
the rest are in the soft tissues 1 to 2 cm inferior to the 
thyroid. Therefore the examination is initiated on one 
side of the neck, centered in the region of the thyroid 
gland, with the electronic focus placed deep to the 
thyroid. High-resolution gray-scale images are obtained 
in the transverse (axial) and longitudinal (sagittal) planes. 
Any potential parathyroid adenomas detected in the 
transverse scan plane must be confirmed by longitudinal 
imaging to prevent mistaking other structures for an 
adenoma.

Some authors recommend the use of compression 
of the superficial soft tissues to aid in adenoma detec-
tion.12,41 This has been described as “graded” compres-
sion with the transducer to effect minimal deformity of 
the overlying subcutaneous tissues and strap muscles and 
increase the conspicuity of deeper, smaller adenomas 
(<1 cm). Color flow or power Doppler sonography is 
also used to assess the vascularity of any potential 
adenoma, aid in detection, and differentiation from 
other structures.38-42 Hypervascularity may be evident 
with a polar insertion of a prominent extrathyroidal 
feeding artery, also with peripheral arcs of blood flow. 
After one side of the neck has been examined, a similar 
survey is conducted of the opposite side. However, 1% 
to 3% of parathyroid adenomas are frankly ectopic and 
not found in typical locations adjacent to the thyroid. 
Therefore the sonographic examination must be extended 
laterally along the carotid sheaths, superiorly from the 
level of the mandible, and inferiorly to the level of the 
sternal notch and clavicles. The four most common 
ectopic locations are considered separately next.

Carcinoma

Carcinomas are usually larger than adenomas.43-45 Carci-
nomas often measure more than 2 cm, versus about 
1 cm for adenomas (Fig. 19-7). On ultrasound, carci-
nomas also frequently have a lobular contour, hetero-
geneous internal architecture, and internal cystic 
components. However, large adenomas may also have 
these features. In many cases, prospective carcinomas are 
indistinguishable sonographically from large, benign 
adenomas.43 Some authors report that a depth/width 
ratio of 1 or greater is a sonographic feature more associ-
ated with carcinoma rather than adenoma, with sensitiv-
ity and specificity of 94% and 95%, respectively.45 Gross 
evidence of invasion of adjacent structures, such as 
vessels or muscles, is a reliable preoperative sonographic 
criterion for the diagnosis of malignancy, but this is an 
uncommon finding.

ADENOMA LOCALIZATION

Sonographic Examination and 
Typical Locations

The sonographic examination of the neck for parathy-
roid adenoma localization is performed with the patient 
supine. The patient’s neck is hyperextended by a pad 
centered under the scapulae, and the examiner usually 
sits at the patient’s head. High-frequency transducers 
(8-17 MHz) are used to provide optimal spatial resolu-
tion and visualization in most patients; the highest fre-
quency possible should be used that still allows for tissue 
penetration to visualize the deeper structures, such as the 
longus colli muscles. In obese patients with thick necks 
or with large multinodular thyroid glands, use of a 
5-MHz to 8-MHz transducer may be necessary to obtain 
adequate depth of penetration.

The pattern of the sonographic survey of the neck for 
adenoma localization can be considered in terms of the 
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FIGURE 19-6. Multiple gland disease. A, Longitudinal sonogram of the right neck shows superior and inferior parathyroid gland 
enlargement (arrows) in the setting of secondary hyperparathyroidism, which can be difficult to distinguish from multiple adenomas; 
T, thyroid. B, Transverse sonogram in another patient shows enlargement of bilateral superior parathyroid glands (arrows) in the setting 
of secondary hyperparathyroidism; Tr, trachea; C, common carotid artery.
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FIGURE 19-7. Parathyroid carcinoma. A, Longitudinal sonogram shows heterogeneous 4-cm parathyroid carcinoma (arrow) 
located near tip of lower pole of the left thyroid lobe (T). B, Transverse sonogram with color Doppler flow imaging shows prominent 
internal vascularity of the carcinoma; C, common carotid artery. C, Longitudinal sonogram in another patient shows lobulated, solid and 
cystic, 4-cm parathyroid carcinoma (arrows) adjacent to the lower pole of the thyroid (T).
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FIGURE 19-8. Superior parathyroid adenoma. A, Longitudinal, and B, transverse, sonograms show an adenoma (arrows) 
adjacent to the posterior aspect of the midportion of the left lobe of the thyroid (T); C, common carotid artery; E, esophagus; J, internal 
jugular vein; Tr, trachea.
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adenoma. Maximal turning of the head also often causes 
the esophagus to move to the opposite side of the trachea 
as it becomes compressed between the trachea and the 
cervical spine. If the examiner sees the esophagus move 
completely from one side of the trachea to the opposite 
side during maximal head turning, the esophagus has 
effectively “swept” the retrotracheal space and will have 
pushed any parathyroid adenoma in this location out 
from behind the trachea.

Mediastinal Adenoma

The most common location for ectopic inferior parathy-
roid adenomas is low within the neck or in the antero-
superior mediastinum4,6,46,47 (Fig. 19-11). Parathyroid 
adenomas are sufficiently hypoechoic that they may be 
visualized as discrete structures separate from the thymus 
and surrounding tissues. To visualize this area optimally, 
the patient’s neck is maximally hyperextended. With 
this technique and the transducer angled posterior and 
caudal to the clavicular heads, sonographic visualization 
is often possible to the level of the brachiocephalic veins. 

Ectopic Locations

Retrotracheal/Retroesophageal 
Adenoma

Superior adenomas tend to enlarge between tissue planes 
that extend toward the posterior mediastinum; the most 
common location of an ectopic superior adenoma is deep 
in the neck, posterior or posterolateral to the trachea or 
esophagus (Fig. 19-10; Video 19-5). Acoustic shadow-
ing from air in the trachea can make evaluation of this 
area difficult. The transducer should be angled medially 
to visualize the tissues posterior to the trachea. Often the 
adenoma protrudes slightly from behind the trachea, and 
only a portion of the mass will be visible. Turning the 
patient’s head to the opposite side will accentuate the 
protrusion and provide better accessibility to the ret-
rotracheal area. This process is then repeated on the 
other side of the neck to visualize the contralateral aspect 
of the retrotracheal area. This process is analogous to the 
maneuver that a surgeon uses to run a fingertip behind 
the trachea in an attempt to palpate a retrotracheal 
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FIGURE 19-9. Inferior parathyroid adenoma. A, Longitudinal, and B, transverse, sonograms show an adenoma (arrows) 
adjacent to lower pole of right lobe of the thyroid (T); C, common carotid artery; Tr, trachea.
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FIGURE 19-10. Ectopic superior parathyroid adenoma: tracheoesophageal groove. A, Transverse sonogram reveals 
an adenoma (cursors) arising from the right tracheoesophageal groove located posteriorly in the neck. The patient’s head is turned to the 
left, which deviates the adenoma laterally and aids in visualization. C, Common carotid artery; Tr, trachea. B, Corresponding longitudinal 
sonogram shows the ectopic superior parathyroid adenoma (arrows) posterior in the low neck adjacent to the cervical spine; C, common 
carotid artery. C, CT scan of the low neck/upper mediastinum in another patient shows an ectopic adenoma (arrow) in the left tracheo-
esophageal groove adjacent to the esophagus (e).
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the same as for adenomas elsewhere in the neck. Sono-
graphically, intrathyroid parathyroid adenomas can be 
similar to thyroid nodules in appearance, and percutane-
ous biopsy is often necessary to distinguish between these 
entities.

Some parathyroid adenomas may lie under the pseu-
docapsule or sheath that covers the thyroid gland or 
within a sulcus of the thyroid, but these are not usually 
considered to be true intrathyroid adenomas. These 
adenomas may be difficult for the surgeon to visualize at 
surgery unless this sheath is opened.4,8 Sonographically, 
these may appear the same as other parathyroid adeno-
mas that lie immediately adjacent to the thyroid, although 
the typical thin, echogenic capsular interface often seen 
between the thyroid and a parathyroid adenoma may be 
absent.

Carotid Sheath/Undescended 
Adenoma

Rare ectopic adenomas can lie in a high position superior 
and lateral in the neck, near the carotid bifurcation at 
the level of the hyoid bone and adjacent to the subman-
dibular gland, or elsewhere within or along the carotid 
sheath4,7,19,48-50 (Fig. 19-13; Video 19-7). These adeno-
mas likely arise from inferior glands that are embryolo-
gically undescended, or partially descended, having  
come to reside within or adjacent to the carotid sheath 
that surrounds the carotid artery, jugular vein, and vagus 
nerve. They may be associated with a small amount of 
ectopic thymic tissue. These adenomas are frequently 
overlooked during surgery unless the surgeon specifically 
opens the carotid sheath and dissects within it.6,7 Sono-
graphically, these masses can appear similar to mildly 
enlarged lymph nodes in the jugular chain; correlative 

If the adenoma lies caudal to this level or far anterior, 
just deep to the sternum, it cannot be visualized 
sonographically.

Ectopic superior adenomas located in the mediasti-
num tend to stay in a more posterior plane than their 
ectopic inferior counterparts and are often not visible 
with traditional sonography. They usually lie deep in the 
low neck or posterior superior mediastinum, requiring 
use of a 5-MHz transducer for maximal penetration. 
Ectopic superior adenomas may be intimately associated 
with the posterior aspect of the trachea, and the head-
turning maneuver described for retrotracheal adenomas 
in the neck can be applied here as well. With the patient’s 
neck hyperextended and the transducer angled caudally, 
the posterior mediastinum may sometimes be visualized 
to the level of the apex of the aortic arch; adenomas lying 
caudal to this level cannot be visualized.

Intrathyroid Adenoma

Intrathyroid parathyroid adenomas are uncommon and 
have been described as either superior or inferior gland 
adenomas.4,6,8 Most intrathyroid adenomas are in the 
posterior half of the middle to lower thyroid, are com-
pletely surrounded by thyroid tissue, and are oriented 
with their greatest dimension in the cephalocaudal direc-
tion (Fig. 19-12; Video 19-6). Intrathyroid adenomas 
may be overlooked at surgery because they are soft and 
are similar to the surrounding thyroid tissue on palpa-
tion. A thyroidotomy or subtotal lobectomy may be 
needed to find an intrathyroid adenoma. Sonographi-
cally, however, parathyroid adenomas usually are well 
visualized because they are highly hypoechoic, in con-
trast to the echogenic thyroid parenchyma. The inter-
nal architecture and appearance of these adenomas are 
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FIGURE 19-11. Ectopic parathyroid adenoma: anterosuperior mediastinum. A, Transverse sonogram angled caudal 
to the clavicles shows an oval, 1-cm ectopic inferior parathyroid adenoma (arrow) in the soft tissues of the anterosuperior mediastinum. 
B, CT scan of the upper mediastinum shows the ectopic adenoma (arrow) in the anterosuperior mediastinum, deep to the manubrium 
and adjacent to the great vessels.
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Because of scarring and fibrosis from previous sur-
gery, the curative rate for repeat surgery is lower than  
for initial surgery; the risk of recurrent laryngeal nerve 
damage and postoperative hypocalcemia from hypopara-
thyroidism may also be greater.55,56 Imaging before reop-
eration is particularly beneficial, and most care strategies 
recommend liberal use of imaging studies in this situa-
tion.53,56-60 Ultrasound is an effective first-line imaging 
modality in the preoperative and reoperative assessment 
of parathyroid disease, providing anatomic localization 
with a relatively inexpensive, noninvasive method that 
avoids the use of ionizing radiation.41,42,59,60 During 
sonographic evaluation of reoperative patients, specific 
attention is paid to the most likely ectopic parathyroid 
locations—those associated with a gland that was not 
discovered at the initial neck dissection.

A small subgroup of patients who develop recurrent 
hyperparathyroidism underwent previous autotrans-
plantation of parathyroid tissue in conjunction with 
previous total parathyroidectomy, typically for compli-
cations of chronic renal failure. Hyperparathyroidism  
in the setting of parathyroid autotransplantation is 

imaging and percutaneous biopsy are often necessary for 
confirmation before surgery. Ectopic undescended supe-
rior gland adenomas may be present high in the neck in 
a parapharyngeal location, but frequently are not seen 
with traditional sonography.

PERSISTENT OR RECURRENT 
HYPERPARATHYROIDISM

Persistent hyperparathyroidism is the persistence of 
hypercalcemia after previous failed parathyroid surgery. 
This is frequently caused by an undiscovered ectopic 
parathyroid adenoma or unrecognized multiple gland 
disease, with failure to resect all the hyperfunctioning 
tissue during surgery.51-53 Recurrent hyperparathyroid-
ism is defined as hypercalcemia occurring after a 6-month 
interval of normocalcemia, resulting from the new devel-
opment of hyperfunctioning parathyroid tissue from 
previously normal glands.54 Recurrent hyperparathyroid-
ism is often seen in patients with unrecognized MEN 
syndromes.
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FIGURE 19-12. Ectopic parathyroid adenoma: intrathyroidal. A, Longitudinal sonogram shows hypoechoic intrathyroid 
parathyroid adenoma completely surrounded by thyroid tissue. T, Thyroid. B, Corresponding power Doppler image demonstrates promi-
nent peripheral vascularity; T, thyroid. C, Longitudinal sonogram in another patient shows a subcentimeter hypoechoic intrathyroid 
parathyroid adenoma. T, Thyroid. D, Corresponding color Doppler flow imaging demonstrates typical hypervascularity with polar inser-
tion of feeding vessel; T, thyroid.
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patient is under local anesthesia, and a portion of the 
grafted tissue can be excised to cure the hypercalcemia. 
Occasionally, for patients who are not candidates for 
repeat surgery, ultrasound-guided percutaneous ethanol 
injection may be used for ablation of recurrent hyper-
parathyroid disease in the neck or at a graft site (see 
Ethanol Ablation).

SECONDARY 
HYPERPARATHYROIDISM

Secondary hyperparathyroidism is characterized by pro-
nounced parathyroid gland hyperfunction resulting from 
end-organ resistance to PTH and is most often found in 

referred to as graft-dependent hyperparathyroidism. 
In parathyroid autotransplantation, a gland is sliced  
into fragments that are inserted into surgically prepared 
intramuscular pockets in the forearm or sternocleido-
mastoid muscle. Normal-functioning autotransplanted 
parathyroid grafts are typically too small and similar in 
echotexture to the surrounding muscle to be adequately 
visualized sonographically. However, graft-dependent 
recurrent hyperparathyroidism can be imaged sono-
graphically, appearing as oval, sharply marginated, 
hypoechoic hypervascular nodules measuring 5 to 
11 mm and similar in appearance to hyperfunctioning 
parathyroid glands or adenomas arising in the neck61 
(Fig. 19-14). The hyperfunctioning autotransplanted 
fragments usually can be found by the surgeon while the 

FIGURE 19-13. Ectopic parathyroid adenoma: near carotid sheath. A, Longitudinal sonogram of right side of the neck 
shows an ectopic undescended parathyroid adenoma (arrow) external to the carotid sheath, anterior to the common carotid artery (C). 
Ultrasound-guided biopsy confirmed parathyroid tissue before surgical exploration. SG, Submandibular gland. B, Scintigraphy using 
technetium-99m sestamibi and coronal SPECT imaging shows a focal area of increased activity in right superior lateral neck (arrow), 
which corresponds to the ectopic adenoma; SG, salivary glands; T, thyroid. C, Transverse, and D, longitudinal, sonograms in another 
patient show an ectopic left inferior adenoma (arrow) located within the carotid sheath, posterior to the internal jugular vein (J). Ultra-
sound-guided biopsy confirmed parathyroid tissue before surgical exploration. At surgery, the adenoma was adherent to the vagus nerve. 
C, Common carotid artery.
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for ablation of hyperplastic parathyroid glands in patients 
with refractory secondary hyperparathyroidism who are 
not surgical candidates.

PITFALLS IN INTERPRETATION

False-Positive Examination

Normal and pathologic cervical structures, such as lymph 
nodes, small veins adjacent to the thyroid gland, the 
esophagus, the longus colli muscles, and thyroid nodules, 
can simulate parathyroid adenomas, producing false-
positive results during neck sonography.

One source for a false-positive ultrasound study is 
confusion of cervical lymph nodes for a parathyroid 
adenoma.31 Cervical lymph nodes are usually visualized 
sonographically in the lateral neck adjacent to the jugular 
vein and away from the thyroid. However, lymph nodes 
found adjacent to the carotid artery may occasionally 
simulate an ectopic adenoma. Lymph nodes may also be 
visualized within the central compartment near the infe-
rior pole of the thyroid, simulating an inferior gland 
adenoma. Enlarged cervical lymph nodes may have an 
oval, hypoechoic appearance similar to parathyroid ade-
nomas, but they often also have a central echogenic band 
or hilum composed of fat, vessels, and fibrous tissue, 
which differentiates them from parathyroid adenomas.67 
Nonetheless, ultrasound-guided biopsy may be necessary 
to distinguish a potential parathyroid adenoma from an 
atypical lymph node, particularly in the reoperative 
setting.

Many small veins lie immediately adjacent to the 
posterior and lateral aspects of both lobes of the thyroid, 
and a tortuous or segmentally dilated vein can simulate 
a small parathyroid adenoma. Scanning maneuvers to 
help establish the structure as a vein, not an adenoma, 
include (1) real-time imaging in multiple planes to show 
the tubular nature of the vein; (2) a Valsalva maneuver 
by the patient, which may cause transient engorgement 

patients with chronic renal failure. In these patients, 
chronic relative hypocalcemia is the result of multiple 
complex factors, including decreased synthesis of the 
active form of vitamin D, poor calcium and vitamin D 
absorption, persistent hyperphosphatemia, and skeletal 
resistance to the actions of PTH. These factors contrib-
ute to parathyroid hyperplasia. If untreated, secondary 
hyperparathyroidism can result in bone demineraliza-
tion, soft tissue calcification, and acceleration of vascular 
calcification. Surgical treatment for secondary hyper-
parathyroidism is less common because of the success  
of renal transplantation, dialysis, and medical therapy, 
including the newer calcimimetics. However, in symp-
tomatic patients who are refractory to these therapies, 
subtotal parathyroidectomy or total parathyroidectomy 
with autotransplantation are surgical options.25,62-64

Patients with secondary hyperparathyroidism have 
multiple enlarged glands. Individually, these glands 
may have the same sonographic appearance as other 
parathyroid adenomas (see Fig. 19-6 and Video 19-2). 
However, the glands may be asymmetrically enlarged 
and more lobular. Although imaging is not usually nec-
essary, sonography can be used to evaluate the severity 
of parathyroid hyperplasia by assessing gland enlarge-
ment.65,66 Patients with sonographically enlarged glands 
tend to have significantly worse symptoms, laboratory 
values, and radiographic signs of secondary hyperpara-
thyroidism than patients without gland enlargement. 
Sonography can also be used to aid in localization of the 
enlarged parathyroid glands before surgical resection for 
secondary hyperparathyroidism. Ultrasound-guided per-
cutaneous ethanol injection is also a treatment option 

FIGURE 19-14. Graft-dependent hyperparathy-
roidism. Longitudinal sonogram of left forearm shows an oval, 
2-cm hypoechoic nodule (arrow) resulting from hyperplasia of 
autotransplanted parathyroid tissue.

PARATHYROID ADENOMA:  
CAUSES OF EXAMINATION ERRORS

FALSE-POSITIVE RESULTS
Cervical lymph node
Prominent blood vessel
Esophagus
Longus colli muscle
Thyroid nodule

FALSE-NEGATIVE RESULTS
Minimally enlarged adenoma/gland
Multinodular thyroid goiter
Ectopic parathyroid adenoma
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the thyroid, it can simulate a mass in the location of a 
parathyroid adenoma (Fig. 19-15). A useful sign in this 
situation is the thin, echogenic line of the capsular inter-
face that separates the parathyroid adenoma (which 
usually arises outside the thyroid) from the thyroid gland 
itself. Thyroid nodules, which arise within the thyroid 
gland, typically do not show this tissue plane of separa-
tion.69 Morphologically, thyroid nodules, unlike para-
thyroid adenomas, are often partially cystic, and some 
are calcified. Also, thyroid nodules often are of a hetero-
geneous, mixed echogenicity, whereas parathyroid ade-
nomas are typically of a homogeneous, hypoechoic 
echogenicity. When a parathyroid adenoma cannot  
be distinguished from a thyroid nodule by imaging cri-
teria, ultrasound-guided percutaneous biopsy may be 
necessary.

False-Negative Examination

Minimally enlarged adenomas, adenomas displaced pos-
teriorly and obscured by a greatly enlarged nodular 
thyroid, and ectopic adenomas may cause false-negative 
imaging results.

Minimally enlarged adenomas or hyperplastic 
glands are a common cause of error because they can 
be difficult to distinguish from the thyroid and adjacent 
soft tissues31,70 (see Fig. 19-5, A, and Video 19-1). The 
abnormal but minimally enlarged gland can be encoun-
tered with single adenomas or with multigland disease 
caused by hyperplasia. Multinodular thyroid goiters 
interfere with parathyroid adenoma detection in two 
ways.31,68,70 First, the thyroid gland enlargement displaces 
structures located adjacent to the posterior thyroid, away 
from the transducer (Video 19-8). This can necessitate 
the use of 5-MHz transducers rather than higher- 
frequency transducers to obtain the necessary penetra-

of the vein; and (3) spectral or color Doppler sonography 
to show flow within the vein.

The esophagus may partially protrude from behind 
the posterolateral aspect of the trachea and simulate a 
mass or parathyroid adenoma (see Fig. 19-8, B). Turning 
the patient’s head to the opposite side will accentuate the 
protrusion. Careful inspection of this structure in the 
transverse plane shows that it has the typical concentric 
ring appearance of bowel, with a peripheral hypoechoic 
muscular layer and the central echogenic appearance of 
the mucosa and intraluminal contents. Using a longitu-
dinal scan plane helps to demonstrate the tubular nature 
of this structure. Real-time imaging while the patient 
swallows will cause a stream of brightly echogenic mucus 
and microbubbles to flow through the lumen, which 
confirms that the structure is the esophagus.

The longus colli muscle lies adjacent to the antero-
lateral aspect of the cervical spine. If viewed in the trans-
verse plane, it appears as a hypoechoic triangular mass 
that can simulate a large parathyroid adenoma located 
posterior to the thyroid gland. However, scanning in the 
longitudinal plane will show that this structure is long 
and flat and contains longitudinal echogenic striations 
typical of skeletal muscle. Real-time imaging while the 
patient swallows can be useful because swallowing will 
cause movement of the thyroid gland and adjacent 
thyroid structures, such as a parathyroid adenoma, but 
the longus colli muscle, which is attached to the spine, 
will remain stationary. Finally, comparison with the 
opposite side of the neck will demonstrate similar sym-
metric findings because the longus colli muscles are 
paired structures located on both sides of the cervical 
spine.

Thyroid nodules are also potential causes of false-
positive ultrasound and scintigraphic imaging.31,68 If a 
thyroid nodule protrudes from the posterior aspect of 
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FIGURE 19-15. Thyroid nodules may simulate parathyroid adenoma. A, Transverse sonogram shows hypoechoic 
thyroid nodule (arrow) arising within the posterior aspect, left lobe of the thyroid (T), which could simulate a parathyroid adenoma; 
Tr, trachea. B, Transverse sonogram in another patient shows highly hypoechoic parathyroid adenoma (arrow) posterior to left lobe of 
the thyroid. An adjacent, slightly hypoechoic thyroid (T) nodule (arrowhead) is also present and might simulate a parathyroid adenoma.
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and accuracy of 90% and 82%, respectively.56 It is 
important to understand that in most large clinical series 
of patients undergoing reoperation for hyperparathy-
roidism, the great majority of parathyroid adenomas are 
still found in the neck or are accessible through a neck 
incision.55-57,60 Therefore a thorough ultrasound exami-
nation of the neck is important in these reoperative 
patients. If the adenoma is not visible sonographically, 
an ectopic mediastinal location must be considered. 
There should be a low threshold to utilize multiple 
imaging modalities, especially when initial imaging find-
ings are ambiguous or the surgical risk is high.53,56,57,60 
This approach significantly improves the success rate 
and decreases the procedural time and cost in the reop-
erated patient.53,55,56

Other Modalities

Another imaging modality widely used for parathyroid 
adenoma localization is scintigraphy with technetium-
99m (99mTc) sestamibi.42,70,74,77,90-95 99mTc sestamibi scin-
tigraphy, particularly when combined with single-photon 
emission computed tomography (SPECT), has a sensi-
tivity similar to or better than ultrasound.42,58,70,74,90-96 
Scintigraphy can demonstrate adenomas in areas that  
are missed by ultrasound, including the mediastinum 
and retrotracheal space. However, scintigraphy is more 
expensive than ultrasound and requires the use of ion-
izing radiation. As with ultrasound, parathyroid scintig-
raphy also appears to be less sensitive and accurate in 
multiglandular parathyroid disease, for smaller adeno-
mas, and in the presence of multinodular thyroid disease.

Magnetic resonance imaging (MRI) is also a useful 
noninvasive modality in the evaluation of parathyroid 
disease.42,97-101 Although more expensive than ultrasound, 
MRI has demonstrated particular utility in localizing 
mediastinal adenomas and in the evaluation of the reop-
erative patient.

Less common imaging modalities include computed 
tomography (CT), angiography, and venous sam-
pling.42,75,102 Selective venous sampling is more invasive, 
expensive, and technically demanding than other imaging 
modalities. However, it can be a useful technique to 
lateralize parathyroid disease, particularly in a high-risk 
reoperative setting or when previous noninvasive imaging 
is inconclusive.102

The combination of multiple preoperative imaging 
studies demonstrates improved sensitivity compared 
with single-modality evaluation. Combined imaging 
with ultrasound and 99mTc sestamibi scintigraphy 
increases the sensitivity for the preoperative diagnosis  
of parathyroid disease42,74,79,90,96 (Fig. 19-16). MRI 
combined with 99mTc sestamibi scintigraphy increased 
imaging sensitivity in evaluation of recurrent or persis-
tent hyperparathyroidism.101

When multiple studies are used, ultrasound is a good 
choice for initial preoperative imaging because of its 

tion, which decreases spatial resolution. Second, thyroid 
goiters may have a multinodular contour and irregular 
echotexture, which can cast refractive shadows, decrease 
the conspicuity and thereby hinder the detection of adja-
cent parathyroid gland enlargement (Video 19-9). Some 
ectopic adenomas, such as retrotracheal adenomas or 
adenomas located deep in the mediastinum, will not be 
visible because of acoustic shadowing from overlying air 
and bone.

ACCURACY IN IMAGING

Ultrasound

Sonographic imaging provides a noninvasive and eco-
nomical method to localize parathyroid adenomas in the 
preoperative setting of primary hyperparathyroid-
ism, without the need for patient radiation expo-
sure.41,42,59,60,71-80 However, the success of parathyroid 
ultrasound depends on the use of high-frequency, higher-
resolution technology and improves with operator expe-
rience and diligence. The sensitivity of sonographic 
parathyroid adenoma localization in primary hyperpara-
thyroidism varies from 74% to 89%.40,41,59,74-77 Sensitiv-
ity also improves with the use of higher-resolution 
sonography and experience. The accuracy for ultrasound 
in detecting adenomatous disease is 74% to 94%, with 
a positive predictive value of 93% to 98%.40,41,71,75,76 
However, the sensitivity of ultrasound to detect ectopic 
mediastinal adenomas is predictably much lower, and 
the accuracy, sensitivity, and specificity decrease in the 
setting of multigland disease.40-42,71,73,77 Therefore the 
success of sonographic parathyroid adenoma localization 
also depends on the specific characteristics of the patient 
population imaged, including the prevalence of multi-
gland and ectopic mediastinal parathyroid disease.

As described later, ultrasound-guided fine-needle 
aspiration (FNA) biopsy is a valuable adjunct to the 
ultrasound examination and can be used to improve its 
accuracy, specificity, and sensitivity. For any suspected 
adenoma mass, aspirates should be sent for PTH assay, 
in addition to cytologic analysis.19,56,81-86 Another advan-
tage of ultrasound is its ability to assess for concomitant 
thyroid disease during the evaluation for parathyroid 
disease, which may further impact surgical planning.

In persistent or recurrent hyperparathyroidism, sensi-
tivity of sonography in adenoma localization varies 
widely. However, sonography has demonstrated some  
of the highest sensitivities and accuracies of all mod-
alities for adenoma detection in the reoperative setting, 
especially when combined with ultrasound-guided FNA 
biopsy of a suspected parathyroid adenoma.* Ultra-
sound augmented by FNA biopsy and PTH assay can 
lead to a specificity approaching 100% and a sensitivity 

*References 53, 55, 56, 58, 60, 87-89.
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noninvasiveness, relative low cost, anatomic detail, and 
competitive sensitivity and accuracy when used by an 
experienced examiner (Figs. 19-17 and 19-18).

Significance in Primary 
Hyperparathyroidism

Definitive cure of primary hyperparathyroidism requires 
surgical parathyroidectomy, which can be accomplished 
with a very high degree of success and minimal morbid-
ity when performed by an experienced surgeon.24,25,103 
Historically, the standard surgical procedure involved 
open bilateral neck dissection with inspection of each 
parathyroid gland, and routine preoperative imaging was 
not considered necessary.

Minimally invasive surgical techniques, such as the 
more recently termed minimal-access parathyroidec-
tomy (MAP), are increasingly recommended and used 
for first-time surgery in primary hyperparathyroid-
ism.24,103-107 In MAP the abnormal gland or adenoma is 
selectively removed through a small (2 cm) incision in 
the neck, thereby potentially improving cosmesis, reduc-
ing complication risks, and decreasing operative time, 
hospital stay, and overall cost, often without sacrificing 
significant operative efficacy when performed by an 
experienced surgeon (Fig. 19-19). Moreover, postsurgi-
cal fibrosis is limited to a smaller area, thus facilitating 
any necessary repeat surgery in the future. The successful 
institution of these minimally invasive techniques is 
predicated on the availability of (1) accurate preopera-
tive imaging techniques to direct a focused surgical 
approach and (2) reliable, rapid (10-15 minutes) intra-
operative parathyroid hormone (IOPTH) monitor-
ing, which facilitates the surgical determination of the 
need for further exploration.
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FIGURE 19-16. Correlation of ultrasound and scin-
tigraphic imaging of parathyroid adenoma. A, Lon-
gitudinal sonogram shows a 3-cm hypoechoic adenoma (arrows) 
located inferior to tip of lower pole of the left thyroid lobe (THY) 
within the thyrothymic ligament. B, Planar imaging with techne-
tium-99m sestamibi shows increased focal activity in the inferior 
left neck corresponding to the adenoma (arrow), well below the 
level of the thyroid (T) and salivary glands (SG).
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FIGURE 19-17. Correlation of ultrasound and CT imaging of parathyroid adenoma. A, Transverse sonogram 
shows a partially cystic ectopic supernumerary parathyroid adenoma (arrow) posterior to the left internal jugular vein (J) but external to 
the carotid sheath. Left superior and inferior parathyroid glands and the left thyroid lobe had previously been resected. Biopsy confirmed 
parathyroid tissue before repeat surgical exploration. Tr, Trachea. B, Enhanced axial CT image of the neck shows the same partially cystic 
parathyroid adenoma (arrow).
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If intraoperative PTH levels fail to normalize or decrease 
by at least 50%, multigland disease should be suspected, 
and the procedure may be converted to a bilateral  
dissection. Proponents of preoperative imaging in 
primary hyperthyroidism also note that some adenomas 
are found lower in the neck or mediastinum, and that 
the initial operative approach may be changed or opti-
mized if imaging shows parathyroid disease near the 
thymus.24,56,76,80

Many investigators promote the use of both anatomic 
and functional imaging, such as ultrasound and 99mTc 
sestamibi scintigraphy, to increase the preoperative cer-
tainty of unilateral disease and aid in excluding patients 
with multigland disease who are not candidates for 
MAP.* With IOPTH monitoring the surgeon can 
quickly assess the success of a focused unilateral approach. 
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FIGURE 19-18. Correlation of ultrasound and MR imaging of parathyroid adenoma. A, Longitudinal, and, 
B, transverse, sonograms show superior parathyroid adenoma (arrows) posterior to upper-middle portion of left lobe of the thyroid (T); 
C, common carotid artery; Tr, trachea. C, T2-weighted fast spin-echo axial MR image of the neck shows the same left superior parathyroid 
adenoma (arrow), which appears hyperintense compared with the thyroid gland (T).
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FIGURE 19-19. Comparison of surgical procedures for removal of parathyroid adenoma. A, Intraoperative 
photograph during bilateral neck dissection for parathyroidectomy. The thyroid gland (T) is retracted back and a parathyroid adenoma 
(arrow) exposed. B, Corresponding 6-cm “collar” incision with a surgical drain. C, Intraoperative photograph during minimally invasive 
surgery uses a much smaller incision. Parathyroid adenoma (arrow) is exposed adjacent to the thyroid (T). D, Minimally invasive surgical 
incision, approximately 2 cm. (Photographs courtesy Geoffrey B. Thompson, MD, Mayo Clinic, Rochester, Minn.)

*References 19, 58, 71, 73-75, 90, 96.



Chapter 19 ■ The Parathyroid Glands  767

biopsy is performed by using a standard noncutting 
25-gauge needle to obtain aspirates that contain either 
parathyroid cells or lymphocytes (Fig. 19-20; Video 
19-10). The aspirate must also be analyzed for PTH 
because elevated levels indicate the presence of parathy-
roid tissue, even if the cytologic results are inconclu-
sive.19,83-86 After the aspirated material is expelled onto a 
slide for cytologic review, the residual sample in the 
needle hub is rinsed with a tiny amount of sterile saline, 
emptied into a tube, and placed on ice. This is repeated 
for each aspirate, diluting the sample for PTH assay into 
a total volume of 1 to 2 mL. Alternatively, three to four 
aspirates may be expelled and rinsed directly into a tube 
containing 1 to 2 mL of sterile saline, then placed on 
ice. If the suspected parathyroid adenoma lies adjacent 
to the thyroid, FNA biopsy may be necessary to differ-
entiate parathyroid and thyroid tissue. These aspirates 
should also be analyzed for PTH because parathyroid 
and thyroid tissue can be very difficult to differentiate 
by cytology.19,83-86 In addition, thyroid tissue sometimes 
must be traversed to access a parathyroid adenoma, 
causing possible sample contamination with thyroid 
cells.19 A histologic specimen obtained with a small-
caliber (20-22 gauge) cutting needle may provide more 
cellular material for analysis but usually is unnecessary  
if PTH assay is performed. In addition, the possibility 
of postbiopsy periglandular fibrosis complicating subse-
quent surgery may be greater with cutting-needle biopsy. 
FNA biopsy of suspected parathyroid adenomas is well 
tolerated, with few reported complications. Although a 
theoretic consideration, parathymosis (implantation of 
hyperfunctioning parathyroid tissue in neck or medias-
tinum, resulting in hypercalcemia) does not appear to be 
a complication of FNA biopsy.110

In persistent or recurrent hyperparathyroidism, local-
ization studies are liberally used because of the lower 
surgical success rate and the higher morbidity of reopera-
tion. Preoperative localization studies in recurrent hyper-
parathyroidism contribute to both the success and the 
speed of the repeat surgery. In patients who had reex-
ploration for persistent or recurrent hyperparathyroid-
ism, the surgical cure rate was 88% to 89%, and it was 
thought that prospective localization studies contributed 
to this high rate of success and decreased surgical 
time.53,55,56 Because most persistent and recurrent para-
thyroid adenomas are accessible in the neck or the upper 
mediastinum through a cervical incision, sonography 
and 99mTc sestamibi scintigraphy may be the localizing 
procedures of choice and, in select patients, can aid in 
directing a focused, minimal-access surgical approach.*

INTRAOPERATIVE SONOGRAPHY

Intraoperative sonography is occasionally a useful adjunct 
in the surgical detection of parathyroid adenomas, par-
ticularly in the reoperative setting.19,108,109 Intraoperative 
scanning can be performed with a small, conventional, 
high-frequency (8-15 MHz) transducer draped with a 
sterile plastic sheath, or with a dedicated sterilized intra-
operative transducer. Intraoperative ultrasound appears 
to be most useful for localizing abnormal inferior and 
intrathyroid parathyroid glands.109 Correlated with pre-
operative imaging, intraoperative sonography can also 
help guide a focused surgical resection to limit tissue 
damage associated with exploration in the reoperated 
patient; it also allows directed resection of ectopic adeno-
mas in the mediastinum, thyroid, and carotid sheath. If 
an abnormal parathyroid gland is detected, surgical time 
may be shortened.

PERCUTANEOUS BIOPSY

Sonographically guided percutaneous FNA biopsy can 
be used for preoperative confirmation of suspected 
abnormal parathyroid glands, particularly in the candi-
date for reoperation.55,56,81-89 This technique can decrease 
the false-positive rate and increase the specificity of 
sonography by permitting the reliable differentiation of 
parathyroid adenomas from other pathologic structures, 
such as thyroid nodules and cervical lymph nodes. In 
addition to its value to the surgeon, a positive biopsy 
may reassure the reluctant reoperative patient. FNA 
biopsy is also generally obtained for diagnostic confirma-
tion before percutaneously injected ethanol ablation of 
a suspected abnormal gland.

If the suspected parathyroid adenoma is in a location 
remote from the thyroid gland, the main differential 
diagnostic consideration is a lymph node. Percutaneous 

FIGURE 19-20. Percutaneous needle biopsy of 
parathyroid adenoma. Longitudinal sonogram shows an 
oval, 1.5-cm hypoechoic parathyroid adenoma (straight arrows) in 
the low neck in a patient with recurrent hyperparathyroidism. 
Needle biopsy (curved arrow) obtained parathyroid cells and an 
aspirate was positive for PTH, confirming that this mass was a 
parathyroid adenoma. T, Thyroid.

*References 42, 55, 56, 58, 60, 87.
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hypercalcemia and avoid repeat surgery, which has a  
very high complication rate of postoperative hypopara-
thyroidism in these patients. Autografts in patients with 
recurrent graft-dependent hyperparathyroidism can be 
similarly treated125 (Fig. 19-21). Adenomatous hyper-
plasia with autonomously functioning glands (tertiary 
hyperparathyroidism) has also been treated with ultra-
sound-guided ethanol injection to reduce gland mass, but 
with unpredictable results.126,127

Ethanol ablation is generally performed under local 
anesthesia, typically after confirmation of parathyroid 
tissue with FNA biopsy. Under real-time ultrasound 
guidance, a standard 25-gauge needle attached to a 1-mL 
tuberculin syringe is inserted into the mass. With the tip 
in constant visualization, sterile 95% ethanol is injected 
into multiple regions of the mass, with a volume about 
half that of the mass, typically 0.1 to 1.0 mL. The tissue 
becomes highly echogenic at the moment of injection; 

ETHANOL ABLATION

Sonography can be used to guide percutaneous injection 
of ethanol into abnormally enlarged parathyroid glands 
for chemical ablation.111-124 Ethanol ablation is most 
often used in postoperative patients with recurrent or 
persistent hyperparathyroidism who have sonographi-
cally visible, biopsy-proven hyperfunctioning parathy-
roid tissue, but who are poor surgical candidates.114,117,119 
Some dialysis patients with secondary hyperparathyroid-
ism and patients with a history of multigland disease with 
recalcitrant recurrent hyperparathyroidism after previous 
subtotal surgery have also received this treatment.114,119-124 
Ethanol ablation has been shown to be very useful in 
patients with MEN I who have had previous subtotal 
parathyroidectomy and recurrent disease in their remain-
ing residual half-gland in the neck.114 A portion of the 
remaining gland can be ablated with ethanol to control 

C
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FIGURE 19-21. Ethanol ablation of hyperplastic autotransplanted parathyroid tissue. A, Color Doppler flow 
sonogram of the superficial forearm tissues shows a dominant vascular nodule that represents hyperfunctioning parathyroid tissue (arrow) 
in a patient with recurrent graft-dependent hyperparathyroidism. B, Under sonographic guidance, a needle tip (arrow) is placed within 
the nodule. C, Ethanol is injected into portions of the nodule, which causes the tissues adjacent to the needle tip to become transiently, 
brightly echogenic (white arrow). A smaller, adjacent nodule of parathyroid tissue (black arrow) is not injected, to maintain baseline graft 
function. D, After ethanol ablation, power Doppler sonogram shows decreased vascularity in the injected nodule (arrow).
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the echogenicity slowly disappears over 1 minute. There 
is also a marked decrease in vascularity of the parathyroid 
adenoma after alcohol injection, presumably secondary 
to thrombosis and occlusion of parathyroid vessels (Fig. 
19-21, D). The injections are repeated every day or every 
other day until the serum calcium level reaches the 
normal range. In most patients, three or fewer injections 
are necessary. All patients undergoing parathyroid 
ethanol ablation require long-term close follow-up of 
serum calcium levels to detect subsequent hypoparathy-
roidism or, more often, recurrent hyperparathyroidism.

The reported adverse effects from ethanol ablation of 
parathyroid adenomas have been limited to temporary 
jaw pain during the procedure and dysphonia from vocal 
cord paralysis. Dysphonia is caused by recurrent laryn-
geal nerve palsy, which is typically a transient effect. 
Patients who have had prior subtotal parathyroid surgery 
are also theoretically at increased risk for postablation 
hypoparathyroidism, and conservative ablation of only a 
portion of the remaining gland is prudent.

The long-term efficacy of ethanol ablation as a treat-
ment of hyperparathyroidism in patients with primary 
disease does not approach that of surgery.112-115,117,119 
In addition, postablation periglandular fibrosis may 
make future surgical procedures more difficult. There-
fore, ethanol ablation as a treatment of primary hyper-
parathyroidism is reserved for patients who cannot or 
will not undergo surgery. Studies on the outcomes of 
ethanol ablation in primary hyperparathyroidism report 
that most patients had either partial or complete bio-
chemical improvement, although many of these patients 
will have recurrent disease.114,115,119 Thus, close clinical 
and biochemical follow-up is necessary, and repeat treat-
ments may be required. Reasons for failure include (1) 
incomplete ablation of hyperfunctioning tissue within 
the treated adenoma and (2) residual hyperfunctioning 
of other untreated glands in the patient with unrecog-
nized multigland disease.

In theory, methods of thermal tissue ablation such as 
radiotherapy, cryotherapy, and laser therapy, which have 
been used to treat tumors elsewhere in the body, could 
also be applied to treat parathyroid disease in the neck. 
These methods are limited at present by the lack of abla-
tion devices that can precisely treat very small amounts 
of tissue. In patients not considered surgical candidates, 
there have been initial reports of successful treatment of 
parathyroid adenomas using ultrasound-guided percuta-
neous laser ablation.128,129 However, further studies are 
needed to determine the usefulness of these methods of 
ablation in the neck in the treatment of parathyroid 
disease.
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There are three roles for sonography in breast imaging: 
(1) primary screening; (2) secondary screening (follow-
ing mammography); and (3) diagnosis. Sonography cur-
rently does not have a proven role in primary breast 
cancer screening, but the use of sonography in second-
ary screening (after mammography, as an ancillary 
study), especially in women with dense breast tissue on 
mammography, has expanded since the last edition and 
continues to be investigated.

Kolb et al.,1,2 Buchberger et al.,3 and Kaplan4 have all 
shown very promising results for sonography as a sec-
ondary breast cancer screening examination when used 
after primary screening mammography in patients who 
have dense breasts on mammography. In all four studies, 
sonography detected approximately three carcinomas 
that were missed by primary screening mammography 
per 1000 patients. The lesions were missed on mam-
mography because they did not contain calcifications 
and were obscured by surrounding or superimposed 
dense tissues on the mammogram. Three per 1000 
patients is the mammographic detection rate expected 

for interval cancers in previously screened mammogra-
phy patients and suggests that sonography might be  
very useful as a secondary screening tool in patients who 
have dense breasts on mammography. Additionally, the 
maximum diameter of, and the prognosis for, lesions 
detected only by ultrasound are similar to lesions found 
by mammographic screening, and the cost per cancer 
detected is similar to that of mammography.

The American College of Radiology Imaging Network 
whole-breast ultrasound screening trial (ACRIN 6666) 
was designed to assess the role of bilateral whole-breast 
screening ultrasound in a group of patients at increased 
risk for breast cancer and with dense breast tissue on 
mammography. Each patient had three scans over 3 
years in addition to mammography. The results of the 
first prevalence scan show that ultrasound detected  
4.2 cancers per 1000, more than were detected by  
mammography, but at a high cost in benign biopsies 
compared to mammography. Hand-held whole-breast 
ultrasound screening led to biopsies in 5% of patients, 
but only 8.8% of the biopsies were positive. I expect that 
results from the second and third studies in the ACRIN 
6666 trial will be better than for the prevalence study. 
Screening is not the same as diagnosis, and it takes time, 
even for an expert at diagnostic ultrasound, to learn to 
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alone. Palpable masses and mammographic abnormali-
ties constitute the most common indications for targeted 
diagnostic breast ultrasound. Specific goals of targeted 
diagnostic sonography are to prevent biopsies and short-
interval follow-up mammography of benign lesions, to 
guide interventions of all types, to give feedback that 
improves clinical and mammographic skills, and to find 
malignancies missed on mammography.

SONOGRAPHIC EQUIPMENT

Breast ultrasound requires high-frequency transducers 
that are optimized for near-field imaging. Transducers 
used for breast sonography are usually electronically 
focused linear arrays. All the organizations involved in 
accreditation of breast sonography—American Cancer 
Society (ACS), American College of Radiology (ACR), 
and American Institute of Ultrasound in Medicine 
(AIUM)—require a minimum transducer frequency of 
7 megahertz (MHz). These linear arrays can be electro-
nically focused along the long axis of the transducer,  
but not along the short axis (unless they are of 1.5- 
dimensional or matrix array transducers). Focusing in 
the short axis requires that a fixed acoustic lens be placed 
when the transducer is constructed. The focal length of 
the short-axis lens varies with transducer frequency and 
the application for which the transducer will typically be 
used, being deeper for lower frequencies and shallower 
for higher frequencies. Transducers of 5 MHz typically 
are used for peripheral vascular ultrasound, not near-field 
imaging, and are focused too deeply (3.5-4.0 cm, usually 
in chest wall) for breast ultrasound. When the focal 
length of the transducer is in the chest wall, small lesions 
in the middle and near portions of the breast may be 
subject to volume averaging. Volume averaging can 
alter the echogenicity so much that cystic lesions falsely 
appear solid and hypoechoic solid lesions become 
isoechoic and inconspicuous. The 7.5 to 12–MHz trans-
ducers that are usually employed in breast ultrasound are 
focused at 1.5 to 2.0 cm of depth, an ideal focal length 
for breast ultrasound, minimizing volume averaging 
(Fig. 20-1). However, even transducers that are focused 
in the midbreast in the short axis can result in volume 
averaging for small, superficially located lesions, unless a 
thin, acoustic standoff pad or a standoff of gel is used 
(Fig. 20-2).

A good general rule for breast ultrasound is that the 
lesions that appear to be just under the skin on the mam-
mogram, or that are palpable and “pea sized” or smaller, 
are those that are most prone to volume averaging and 
that should routinely be imaged through an acoustic 
standoff. In some patients, simply scanning with lighter 
compression can alter the position of the short-axis focal 
zone enough to obviate the need for a standoff. A 
1.5-dimensional array transducer can be focused elec-
tronically in the short axis as well as in the long axis and 

screen using ultrasound. The rules of interpretation are 
different for screening and diagnosis. The pretest prob-
ability is much lower in a screening population than in 
a diagnostic population, so the posttest probability of 
cancer is also lower. Findings that might be viewed with 
suspicion in a patient with a palpable lump or suspicious 
mammographic abnormality must be ignored in a 
screening setting. It takes time to learn this. In my expe-
rience as an investigator in the ACRIN 6666 trial, the 
callback rate from screening ultrasound decreased with 
the second and third screenings, whereas the detection 
rate actually improved. We believe that with increasing 
experience, screening ultrasound data will improve.

Despite the results of many hand-held screening  
ultrasound studies, however, we do not believe that  
the United States has adequate physician/sonographer 
resources for hand-held ultrasound screening because of 
a chronic shortage of breast radiologists, mammogra-
phers, and breast sonographers. Thus, widespread screen-
ing will require improvement not only in callback and 
negative biopsy rates, but also in automation. This real-
ization has led to renewed interest in automated 
approaches to breast ultrasound screening. Several dedi-
cated automated breast ultrasound machines are being 
developed, but no data from automated scanners have 
yet been published. Most automated approaches utilize 
three-dimensional (3-D) ultrasound, but most experi-
ence is with hand-held two-dimensional (2-D) ultra-
sound, so much work remains on 3-D ultrasound. One 
automated device employs automated 2-D scans that are 
stored in video rather than a 3-D matrix. The unpub-
lished data report a 7.2 : 1000 detection rate, double the 
mammography detection rate of 3.6 : 1000 in a preva-
lence screening. Thus, the increased detection rate over 
mammography is comparable to that of the hand-held 
screening studies previously mentioned. The automated 
scanner was better than hand-held ultrasound in the 
percentage of cancers detected less than 10 mm in 
maximum diameter, which was three times higher in the 
ultrasound-detected group than the mammography-
detected group. Previous hand-held studies have found 
similar sizes in sonographically and mammographically 
detected cancers, but not better. Thus, the results of one 
study are encouraging for an automated approach to 
whole-breast ultrasound screening.

To date, breast ultrasound is not approved for screen-
ing, so there are no billing codes or reimbursement avail-
able. Most whole-breast examinations are extensions of 
targeted diagnostic scans. More data, particularly from 
automated scanners, and more years of experience will 
be necessary before codes and reimbursement for screen-
ing breast ultrasound are approved.

The approved and most widespread role for breast 
ultrasound is diagnosis. This is usually performed in a 
targeted fashion following mammography and clinical 
examination, to provide a more specific diagnosis than 
can be obtained from mammography or examination 
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(transmit focal zone). This is shown by “carrots” of 
various shapes. These should be placed at or just deep to 
the depth of any lesion being characterized. In survey 
mode, when looking for a lesion at an unknown depth, 
multiple focal zones are usually best. Mispositioned focal 
zones can lead to severe volume averaging and mischar-
acterization of even midsized lesions, particularly if the 
focal zones are positioned much too deeply (Fig. 20-3).

Split-screen imaging capability is invaluable in breast 
imaging. Split-screen images are most frequently used to 
compare mirror-image locations in the right and left 
breasts to document that asymmetrical fibroglandular 
tissue causes either a mammographic asymmetry or a 
palpable lump (Fig. 20-4). Split-screen imaging can also 
be used to document dynamic events, such as compress-
ibility and mobility, on a single freeze-frame image and 
in simultaneous mode, to show both the gray-scale image 
on one side and the color or power Doppler image on 
the other.

Multiple lesions and lesions larger than the width  
of the transducer require special techniques for demon-
stration. Of several methods for demonstrating larger 
fields of view, one can use combined split-screen images, 
virtual convex imaging, or extended–field of view imag-
ing (Fig. 20-5). A picture archiving and communication 
system (PACS) can be useful not only for filmless inter-
pretation and archiving images, but also for digitally 
storing video loops, the most efficient and esthetically 
pleasing method of documenting dynamic events.

BREAST ANATOMY  
AND PHYSIOLOGY

The breast is a modified sweat gland that is composed 
of 15 to 20 lobes that are not well delineated from each 
other, that overlap, and that vary greatly in size and 
distribution. Each lobe consists of parenchymal elements 
(lobar duct, smaller branch ducts, and lobules) and sup-
porting stromal tissues (compact interlobular stromal 
fibrous tissue, loose periductal and intralobular stromal 
fibrous tissue, and fat). The functional unit of the breast 
is the terminal ductolobular unit (TDLU), which con-
sists of a lobule and its extralobular terminal duct. Each 
lobule consists of the intralobular segment of the termi-
nal duct, ductules, and loose intralobular stromal fibrous 
tissue. TDLUs are important because they are the site of 
origin of most breast pathology and of aberrations of 
normal development and involution (ANDIs).

Most breast carcinomas are thought to arise in the 
terminal duct near the junction of the intralobular and 
extralobular segments. Lobar ducts give rise to much  
less pathology than do TDLUs—mainly large duct 
papillomas and the duct ectasia–periductal mastitis 
complex. However, most invasive ductal carcinomas 
have ductal carcinoma in situ components that can use 
the ductal system as conduits for growth into other parts 

can reduce, but not eliminate, difficulties with near-field 
volume averaging (see Fig. 20-1, left transducer). Choos-
ing the correct transducer is important, but equally 
important is controlling the depth of the focal zone 
position. Current ultrasound machines focus the trans-
ducer continuously at all depths on receiving the beam. 
However, the user must still choose the depth at which 
the machine focuses the transmitted ultrasound beam 
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FIGURE 20-1. Short-axis views of three transduc-
ers used for breast ultrasound. Left, 12-MHz 1.5-D 
(1.5-dimensional, or matrix, array) transducer; middle, 12-MHz 
1-D (one-dimensional array) transducer; right, 5-MHz to 7-MHz 
1-D array transducer. Transducers that are 1-D array have an 
acoustic lens in the short axis of the probe that has a fixed focal 
length, determined by the most frequent use of the transducer. 
Linear array transducers that have frequencies in the 5 to 7–MHz 
range (right) are designed for vascular imaging, not breast imaging. 
The fixed, short-axis focal depth is about 3 to 4 cm, the depth of 
carotid and femoral vessels in most patients. These transducers are 
focused too deep for breast ultrasound. Small lesions at 1.5 cm, 
in the center of the mammary zone in most patients, will fre-
quently be subject to volume averaging with surrounding tissues. 
This can result in mischaracterization and false negatives. Small 
cysts can falsely appear solid, and small, subtle, hypoechoic solid 
nodules can falsely appear isoechoic and indistinguishable from 
surrounding tissues. Lesions closer to the skin are even more 
subject to volume averaging, mischaracterization, and false nega-
tives. The typical 12-MHz 1-D array transducer (middle) has a 
short-axis focal length of 1.5 to 2.0 cm, ideal for breast ultra-
sound. A small lesion at 1.5 cm of depth will be wider than the 
ultrasound beam, will not be subject to volume averaging, and can 
accurately be detected and characterized. However, even with 
12-MHz 1-D array transducers, lesions in the near field, less  
than 10 mm from the skin, can be subject to volume averaging 
because the beam has not yet become fully focused. An acoustic 
standoff of gel or a standoff pad may be necessary in such cases. 
In general, these are skin lesions or lesions that are palpable and 
pea-sized or smaller or lesions that appear to be just under the skin 
on mammography. The 12-MHz matrix array transducers (left) 
have adjustable short-axis focal zones. The beam is focused more 
tightly, the beam is narrower, and the beam becomes tightly 
focused at a shallower depth. Even near-field lesions can be 
scanned without volume averaging and without using an acoustic 
standoff, and both characterization and detection are better than 
with 1-D array transducers. MZ, Mammary zone; RMZ, retro-
mammary zone; CW, chest wall; subQ, subcutaneous.
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and are horizontally oriented. Anterior TDLUs are more 
numerous than posterior and terminal TDLUs, and over 
time, the posterior TDLUs tend to regress, leaving a 
progressively larger percentage of anterior TDLUs. 
Because anterior TDLUs greatly outnumber posterior 
TDLUs, most breast pathology that arises from TDLUs 
occurs in the superficial half of the mammary zone, just 
deep to the anterior mammary fascia.

The breast can be divided into three zones, from 
superficial to deep (Fig. 20-6). The most superficial zone 
is the premammary zone, or subcutaneous zone, which 
lies between the skin and the anterior mammary fascia. 
The premammary zone is really part of the integument, 
and processes that arise primarily within the premam-
mary zone are usually not true breast lesions. Rather, 
these are lesions of the skin and/or subcutaneous tissues 
that are identical to those arising from skin and subcu-
taneous tissues covering any other part of the body (e.g., 
lipomas, sebaceous cysts). The mammary zone is the 
middle zone and lies between the anterior mammary 
fascia and the posterior mammary fascia. It contains the 
lobar ducts, their branches, most of the TDLUs, and 
most of the fibrous stromal elements of the breast. The 
deepest of the zones is the retromammary zone. It 
mainly contains fat, blood vessels, and lymphatics and is 
usually much less apparent on sonograms than on mam-
mograms because sonographic compression flattens the 
retromammary zone against the chest wall. This differs 
greatly from mammography, where mammographic 
compression pulls the retromammary fat away from the 

A B

FIGURE 20-2. Value of standoff pad. Even with adequate high frequency 1-D array transducers that have appropriate short-axis 
acoustic lens focal lengths of 1.5 cm an acoustic standoff may be necessary when the lesion is very superficial in location. A, Sebaceous 
cyst presented as BB-sized palpable lump. It is not visible without an acoustic standoff. B, With a thick layer of acoustic gel as a standoff, 
the lesion can be clearly seen to originate from the skin.
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FIGURE 20-3. Importance of proper positioning of 
long-axis transmission focal zones. This split-screen 
image shows a small, benign cyst with milk of calcium. The left 
image was obtained with the transmit focal zone appropriately 
placed at the level of the cyst. There is no volume averaging, and 
the cyst is accurately characterized. The image on the right was 
obtained with the focal zone intentionally positioned far too 
deeply. Because the ultrasound beam is not appropriately focused 
in its long axis, on beam transmission at the depth of the cyst, the 
cyst is subject to volume averaging with surrounding tissues, 
which falsely makes it appear to be solid and isoechoic.

of the breast. Each segmental duct has several rows of 
TDLUs arising from it. Anterior TDLUs tend to have 
long extralobular terminal ducts, whereas posterior 
TDLUs tend to have shorter extralobular terminal ducts. 
Some TDLUs lie at the distal end of the ductal system 
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to superficial fascia, and then courses back down through 
the subcutaneous fat, where it continues on as anterior 
mammary fascia. Each Cooper’s ligament is composed of 
two closely applied layers of anterior mammary fascia 
with a potential space inferiorly, where the two layers 
separate and course away from each other as anterior 
mammary fasciae (Fig. 20-7). This affects the sonographic 
appearance of invasive malignancies, as discussed later.

chest wall and expands it in the anteroposterior (AP) 
direction. Because most breast pathology arises from 
TDLUs and, to a lesser extent, from the mammary 
ducts, and because most of the ducts and lobules lie 
within the mammary zone, most true breast pathology 
arises from the mammary zone. Although lesions that 
arise within the premammary or retromammary zone are 
usually skin lesions, true breast lesions that arise within 
the mammary zone can secondarily involve the premam-
mary and retromammary tissues.

The mammary fascia that envelops the mammary 
zone is tough and is relatively more resistant to invasive 
malignancy than are loose, stromal fibrous tissues. The 
anterior mammary fascia is continuous with Cooper’s 
ligaments. At the point where it is continuous with a 
ligament, the anterior mammary fascia continues super-
ficially obliquely through the subcutaneous fat, attaches 
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FIGURE 20-4. Value of split-screen mirror ultrasound image. A, Mammography of both breasts showed a focal asym-
metrical density in the left breast, upper outer quadrant on the craniocaudal (CC) view (arrow). B, Split-screen mirror-image ultrasound 
images show focal fibrous tissue in the upper outer quadrant of the left breast that is markedly asymmetrical with the thickness of tissue 
in the mirror-image upper outer quadrant location of the right breast. This collection of asymmetrical fibrous tissue is the cause of the 
mammographic asymmetry.

FIGURE 20-5. Extended–field of view (FOV) images. 
Extended-FOV images can be helpful in demonstrating very large 
lesions, multifocal and multicentric malignant lesions, lymph 
node levels, implant integrity, or as in this case, extensive fibro-
cystic change with numerous cysts of variable size within the 
breast.
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FIGURE 20-6. Three zones of the breast. The pre-
mammary or subcutaneous zone (scz), mammary zone (mz), and 
retromammary zone (rmz). The mammary zone is where most of 
the ducts and lobules of the breast that give rise to breast pathol-
ogy lie. The mammary zone is enveloped in thick, tough fascia. 
Anteriorly it is delineated from the subcutaneous fat by the pre-
mammary or anterior mammary fascia (amf) and posteriorly from 
the retromammary fat by the posterior or retromammary fascia 
(rmf ). The anterior mammary fascia is continuous with Cooper’s 
ligaments, with each ligament being formed by two apposed layers 
of anterior mammary fascia. The retromammary zone is com-
pressed during real-time sonography in the recumbent position 
and is relatively small and inapparent in comparison to its appear-
ance on mammography.
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of poor angle of incidence or suboptimal transducer 
resolution—when only the loose periductal stromal 
fibrous tissue is visible. A mammary duct can also be 
shown as a central, bright echo surrounded by isoechoic 
loose stromal fibrous tissue when the apposed walls  
of the central duct can be optimally demonstrated  
(Fig. 20-11, A). It is common for a single duct to have 
both sonographic appearances, depending on the angle 
of incidence with the duct walls. Variable degrees of 
ductal ectasia become increasingly common with age, 
particularly within the lactiferous sinus portion of the 
lobar duct in the subareolar region. In ectatic ducts, 
anechoic or hypoechoic fluid separates the two duct walls 
and compresses the loose periductal stromal tissues to 
variable degrees (Fig. 20-11, B and C ). Duct ectasia 
occurs in up to 50% of women over age 50 and usually 
is asymptomatic. In certain patients, however, ductal 
ectasia may be associated with nipple discharge or may 
lead to periductal mastitis and its acute and chronic 
complications.

The ducts within the nipple and immediate subareolar 
regions are poorly seen when scanned from straight ante-
riorly because they course almost parallel to the beam  
in those locations. However, special maneuvers designed 
to improve the angle of incidence enable adequate  
demonstration of the entire mammary duct throughout 
the subareolar region, even within the nipple when  
necessary. These maneuvers include the peripheral 
compression technique, two-handed compression 

The normal anatomic structures of the breast span  
a spectrum of echogenicities, from midlevel gray to 
intensely hyperechoic. Hyperechoic normal structures 
include compact interlobular stromal fibrous tissue, 
anterior and posterior mammary fasciae, Cooper’s liga-
ments, and skin. Duct walls, when visible, also appear 
hyperechoic. Normal structures that have midlevel echo-
genicity (isoechoic) include fat, epithelial tissues in 
ducts and lobules, and loose, intralobular and periductal, 
stromal fibrous tissue. Water density tissue on mam-
mography corresponds to a variety of different normal 
tissues that can be shown sonographically. Dense inter-
lobular stromal fibrous tissue, loose periductal or intra-
lobular stromal fibrous tissue, and epithelial elements in 
ducts and lobules all appear to be of equal density mam-
mographically. Mammographically dense tissue can 
correspond to purely hyperechoic, purely isoechoic, or 
mixed hyperechoic and isoechoic tissues on sonography 
(Fig. 20-8). Most contain mixtures of fibrous and glan-
dular elements interspersed with variable amounts of fat 
(Fig. 20-9). Over time, atrophy tends to occur more 
rapidly in the areas of the mammary zone that lie between 
Cooper’s ligaments, leaving progressively more of the 
residual fibroglandular elements within these ligaments 
(Fig. 20-10).

Normal mammary ducts that are not ectatic can 
appear in two ways sonographically. A mammary duct 
can appear purely isoechoic when the centrally located 
hyperechoic duct wall cannot be visualized because  

FIGURE 20-7. Mammary fasciae and Cooper’s 
ligaments. Two layers of anterior mammary fascia (arrows) 
form the bases of a Cooper’s ligament (white arrowhead), which 
inserts into superficial fascia (open arrow). Invasive malignancies 
often develop angles as they invade the base of Cooper’s 
ligaments.
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A B

FIGURE 20-8. Dense breast tissue: radiographic-sonographic correlation. Radiographically dense (water density) 
tissue on mammograms (A) can correspond to two different types of tissue on sonography: B, almost-isoechoic glandular tissue, and 
C, intensely hyperechoic interlobular stromal fibrous tissue.
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FIGURE 20-9. Water density breast tissue. Most 
water density tissue on mammography is not pure fibrous or 
glandular tissue, but a mixture of hyperechoic interlobular stromal 
fibrous tissue and isoechoic glandular or loose periductal and 
intralobular stromal tissue. Note that the lobar duct is mildly 
ectatic (arrows). The round or taller-than-wide isoechoic elements 
(asterisk) within the peripheral segments of the mammary zone 
represent epithelial and loose stromal tissues within terminal duc-
tolobular units (TDLUs). Note that TDLUs are more numerous 
and prominent anteriorly than they are posteriorly.
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FIGURE 20-10. Breast atrophy. With advancing age, and 
particularly after full-term pregnancy and breastfeeding, the fibro-
glandular elements of the breast regress more rapidly in the areas 
of the mammary zone (arrows) that lie between Cooper’s liga-
ments than in the area within the ligaments. This eventually can 
leave much or all of the residual breast tissue entrapped within 
Cooper’s ligaments (asterisk).
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be as large as 5 mm in patients with fibrocystic change, 
adenosis, or other ANDIs (Fig. 20-13). In patients who 
are pregnant or lactating and in patients with adenosis, 
not only are TDLUs enlarged, but they are also increased 
in number. In certain cases, TDLUs become large and 
numerous enough to form continuous sheets of isoechoic 
tissue. The variable prominence of TDLUs creates a 
continuous spectrum in the appearance of breast tissue 
from TDLUs that are not visible to breasts that appear 

technique, and rolled nipple technique. These maneu-
vers are most useful when evaluating patients with nipple 
discharge (Fig. 20-12) and in assessing malignant nodules 
for extensive intraductal involvement growing within the 
duct toward the nipple. The two-handed compression 
technique is also useful in assessing gynecomastia.

Individual TDLUs may be sonographically visible—
under ideal conditions—as small isoechoic structures. 
Normal TDLUs are about 2 mm in diameter but may 
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FIGURE 20-11. Mammary duct: spectrum of normal appearances. A, With high spatial resolution, 90-degree angle 
of incidence, and perfect centering, the duct appears to be composed of a central echogenic line (arrows) that represents the apposed 
walls of the collapsed mammary duct. The surrounding isoechoic tissue represents loose periductal stromal tissue. Unfortunately, only a 
minority of the ducts seen have this trilaminar appearance in the long axis and targetoid appearance in the short axis. Ducts that are slightly 
out of focus, coursing at an angle, or not perfectly centered within the beam have a different appearance. The deeper duct (arrowheads) is 
too deep for the short-axis focal length of the transducer. The central echo that represents the apposed walls of the collapsed duct is not seen. 
Only the isoechoic loose periductal stromal tissue can be identified. B, This mildly ectatic duct (arrows) is shown in long axis (upper image) 
and short axis (lower image). The duct is now represented by two hyperechoic lines that represent the anterior and posterior walls of the duct 
separated by secretions within the duct lumen. C, This severely ectatic duct (arrows) is shown in long axis (upper image) and short axis (lower 
image). As the degree of ductal ectasia increases, the walls of the duct become more separated, and the loose periductal stromal tissue becomes 
more compressed and less apparent. In severe ductal ectasia the periductal loose stromal tissue may no longer be visible.
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hypoechoic and conspicuous in a background of isoechoic 
tissues, reducing the chance that such a nodule will not 
be detected and distinguished from normal lobules.

Lymphatic drainage from most of the breast is from 
deep to superficial, toward the subdermal lymphatic 
network, then to the periareolar plexus (Sappey’s plexus), 

to be totally isoechoic (Fig. 20-14). This most often 
occurs anteriorly, where lobules are most numerous,  
but in certain cases can fill and distend the entire 
mammary zone. One of the most valuable features of 
high-frequency coded harmonic imaging is that it tends 
to make pathologic solid nodules appear relatively more 

A

B

Straight AP Peripheral comp

Rolled nipple

2

2

1

3
1 3

Two handed
compression

2
1

RT  6  SA  RAD

RT  6  SA  RAD

Probe

Probe

P
robe

Probe

FIGURE 20-12. Maneuvers for demonstrating subareolar and intranipple mammary ducts. A, Left image, The 
subareolar ducts are difficult to assess from a straight anterior approach because shadowing arises from the nipple and areola and the tissue 
planes of the nipple are parallel to the ultrasound beam. Right image, Peripheral compression technique. With vigorous compression on 
the peripheral end of the transducer and sliding it over the nipple to push the nipple to the side, shadowing can be minimized, and the 
angle of incidence of the beam with the subareolar ducts can be improved. Lesions that lie in the immediate subareolar region (arrow) 
can often be demonstrated. B, Left image, Rolled nipple technique is the best way to demonstrate the ducts within the nipple and if a 
lesion extends into the nipple from the subareolar ducts. B, Right image, Two-handed compression technique further improves the angle 
of incidence with the subareolar ducts and helps assess the compressibility of the ducts. This can help to distinguish echogenic, inspissated 
secretions from intraductal papillary lesions and determine whether the lesion (arrows) has penetrated through the duct wall (arrowheads). 
The rolled nipple technique shows that this malignant intraductal papillary lesion does not extend into the intranipple segment of the 
duct, but the two-handed compression maneuver shows that it has invaded through the posterior duct wall and is forming angles within 
the periductal tissues.
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of the chest wall, just lateral to the edges of the sternum. 
Metastases most often involve internal mammary lymph 
nodes in the second and third interspaces. Using color 
Doppler sonography to identify the internal mammary 
vessels can be helpful in finding abnormal internal 
mammary lymph nodes. Normal internal mammary 
lymph nodes can be identified under ideal circumstances, 
but not in all patients.

A significant percentage of patients have lymph nodes 
that lie within the breast, intramammary lymph nodes. 
These can lie anywhere within the breast but are most 
common in the axillary segment just below the axilla. 
They usually lie within a centimeter of the posterior 
mammary artery, a branch of the axillary artery that 
extends from the axilla toward the nipple. Intramam-
mary lymph nodes can also be found occasionally in the 
medial edge of the breast superficial to the internal 
mammary lymph nodes. These medial lymph nodes are 
seen much less frequently on mammography than on 
sonography because mammographic compression can 
seldom pull them far enough away from the chest wall 
to be mammographically visible. Medial intramammary 
lymph nodes can be difficult to demonstrate sonographi-
cally without the use of an acoustic standoff because of 
their superficial location just beneath the skin.

Breast cancer metastases can involve the supracla-
vicular lymph nodes, but these nodes are positive only 

and finally on to the axilla. Some of the deep portions 
of the breast, particularly medially, preferentially drain 
along the chest wall to the internal mammary lymph 
nodes. Most drainage of the breast is to the axillary 
lymph nodes. Most lymphatic metastases from the 
breast are to the axilla, with a minority occurring in the 
internal mammary lymph nodes. The three levels of 
axillary lymph nodes are determined by their location 
relative to the pectoralis minor muscle. Lymph nodes 
that lie peripheral to the inferolateral edge of the pecto-
ralis minor are level 1 lymph nodes; nodes that lie pos-
terior to the pectoralis minor muscle are level 2 lymph 
nodes; and nodes that lie proximal to the superomedial 
border of the pectoralis minor muscle are level 3 lymph 
nodes or infraclavicular nodes. Lymphatic drainage to 
the axilla usually passes through level 1, then level 2, 
and finally to level 3 lymph nodes (Fig. 20-15). From 
level 3 nodes, metastases may progress to internal jugular 
or supraclavicular lymph nodes. Rotter nodes lie 
between the pectoralis major and pectoralis minor 
muscles. It is important to recognize level 2 and 3 lymph 
nodes and Rotter lymph node metastases, because 
unrecognized and untreated metastases to these lymph 
nodes are a frequent source of so-called chest wall 
recurrences.

Internal mammary nodes lie in a chain parallel to the 
internal mammary artery and veins along the deep side 

*

** *

FIGURE 20-13. Terminal ductolobular units (TDLUs). The TDLU includes the extralobular terminal duct and the lobule, 
which contains the intralobular terminal duct, ductules, and intralobular isoechoic loose stromal tissue. TDLUs present as an isoechoic 
structure similar to a tennis racket; the head of the racket (asterisk) represents the lobule, and the handle and neck of the racket (arrows) 
represent the extralobular terminal duct. Bottom center image is 3-D histology. (Courtesy Hanne M. Jensen, MD.)
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when lymph node metastases are extensive. Metastases 
must involve levels 1, 2, and 3 axillary lymph nodes or 
internal mammary and internal jugular lymph nodes 
before reaching the supraclavicular nodes.

The first lymph node to which lymphatic drainage 
flows and the first node involved by metastases has been 
termed the sentinel lymph node. The location of the 
sentinel node varies, depending on the location of the 
primary tumor within the breast. The sentinel lymph 
node is usually a level 1 axillary lymph node, but in 
certain cases, it may be an intramammary node or even 
a level 2 node. Occasionally, the sentinel node may be 
an internal mammary node.

SONOGRAPHIC TECHNIQUE

Annotation

The location of a scan plane in the breast or the loca-
tion of a lesion in the breast should be annotated or 

RT  1200  2B  AR    N   4, 5

LT  100  2B  RAD    N   3, 4

RT  900  3B  AR    N   5, 6A B

C D

FIGURE 20-14. Variable prominence of TDLUs. A, Only a few scattered TDLUs may be visible. B, As TDLUs become larger 
and more numerous in adenosis and adenosis of pregnancy, they may almost touch each other. Because anterior TDLUs are more numer-
ous than posterior TDLUs, these changes tend to affect the superficial aspect of the mammary zone earlier and to a greater extent than 
they affect its deep aspect. C, When lobular enlargement is pronounced, the entire superficial aspect of the mammary zone may appear 
isoechoic with the deep half still being hyperechoic. D, When lobular prominence is most pronounced, both superficial and deep aspects 
of the mammary zone may appear almost homogeneously isoechoic. Prominent TDLUs create an “in-between” sensitivity state for sonog-
raphy that lies between that of purely hyperechoic and purely isoechoic breasts.

Pec minor
Pec major

3
2 2

1
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FIGURE 20-15. Pectoralis minor muscle and levels 
of axillary lymph nodes. Extended-FOV sonogram shows 
metastases to all three axillary lymph node levels on the left. The 
level of axillary lymph nodes is determined by the pectoralis minor 
muscle. Lymph nodes that lie inferior and lateral to the inferolat-
eral edge of the pectoralis minor muscle are level 1 nodes; those 
that lie deep to the pectoralis minor muscle are level 2 lymph 
nodes; and those that lie superior and medial to the superomedial 
edge of the pectoralis minor muscles are level 3 (infraclavicular) 
lymph nodes.
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planes. Each image plane should be recorded with  
and without calipers. It is important to document the 
maximum diameter of the lesion, an important prognos-
tic indicator. If the maximum diameter does not lie in 
one of the standard longitudinal, transverse, radial, or 
antiradial planes, an additional oblique view parallel to 
the long axis of the lesion should be obtained with and 
without calipers. Films without calipers are especially 
important in small lesions, where the calipers may inter-
fere with assessment of surface characteristics.

BIRADS Risk Categories

The official Breast Imaging Reporting and Data System 
(BIRADS) ultrasound lexicon has been developed by the 
ACR to standardize reporting and data. We believe in 
using BIRADS risk categories for the final assessment of 
every sonogram. Because most sonograms are targeted to 
clinical or mammographic abnormalities that require the 
preceding mammogram to be characterized as “BIRADS 
0” (incomplete assessment), any final assessment in a 
patient who has undergone diagnostic sonography will 
be based on combined ultrasound and mammography 
findings. BIRADS categories are also important to assess 
and improve sonographic performance. If each sono-
graphic category carries the same risk as the corresponding 
mammographic BIRADS category, the rules for manag-
ing sonographic lesions may be identical to the mam-
mographic rules for the same category. Separate rules do 
not need to be developed for sonography. We do not use 
the BIRADS 0 category after sonography except in the 
rare cases in which sonography is performed before mam-
mography. BIRADS categories are 0, incomplete assess-
ment, needs additional evaluation; 1, normal; 2, benign; 
3, probably benign; 4, suspicious; 5, malignant; and 6, 
biopsy-proven malignancy. The expected risks of malig-
nancy for categories 1 to 5 are: BIRADS 1 and 2, 0%; 
BIRADS 3, 2% or less; BIRADS 4, greater than 2% and 
less than 95%; and BIRADS 5, 95% or greater. Because 
the BIRADS 4 category has such a wide range of risk 
(>2% to <95%), optional subcategories have been devel-
oped: 4a, 4b, and 4c.

The sonographic BIRADS 1 category corresponds 
to sonographically normal tissues that cause mammo-
graphic or clinical abnormalities. The sonographic 
BIRADS 2 category corresponds to benign entities 
and includes intramammary lymph nodes, ectatic ducts, 
all simple and many complicated cysts, and definitively 
benign solid nodules, such as lipomas and hamartomas. 
The BIRADS 3 category corresponds to “probably 
benign” lesions that have a 2% or less risk of malignancy 
and includes some complicated and complex cysts, small 
intraductal papillomas, and a subset of fibroadenomas. 
We divide the large ACR BIRADS 4 category that is 
termed “suspicious” into three subcategories. Rules for 
subdividing BIRADS 4 into the optional 4a, 4b, and 4c 
subcategories have not been developed. The BIRADS 4a 

demonstrated compliant with ACR ultrasound BIRADS 
lexicon. The side (left and right), clock face position, 
distance from the nipple in centimeters, and transducer 
orientation must be recorded. Painting centimeter 
markers on the transducer can facilitate recording the 
distance from the nipple in centimeters, but the dis-
tance is usually estimated from the known lengths of 
linear high-frequency transducers, either 38 mm or 
50 mm. The transducer orientation can be longitudi-
nal, transverse, radial, or antiradial, which is orthogo-
nal to the radial plane. The advantage of radial imaging 
is that the central ducts are radially oriented with respect 
to the nipple. Scanning in a plane that lies radial to the 
duct enables visualization of ductal carcinoma in situ 
(DCIS) components of lesions growing within the 
ductal system of the breast.

Identifying intraductal components of tumor can 
reduce the chances of mischaracterizing a malignant 
solid nodule as benign or “probably benign” and also 
facilitates demonstrating the true extent of DCIS com-
ponents of mixed invasive and intraductal malignant 
lesions. The farther from the nipple a lesion lies, the less 
likely the duct will course in a plane that is truly radial 
with respect to the nipple because of tortuosity of the 
duct, or because the duct of interest is a branch duct that 
is not oriented perfectly radial. The sonographer should 
think of internal radial planes versus the external true 
radial plane with respect to the nipple. The internal 
radial plane is parallel to the long axis of the ducts in the 
region of interest. In particular, when assessing solid 
nodules, we want to know if the lesion is growing into 
the ducts that surround it. This can be best accomplished 
when the scan plane is parallel to the long axis of the 
ducts in the region of the solid nodule.

In addition to the ACR BIRADS lexicon mandates, 
we elect to record the depth of a lesion in addition to 
the parameters previously discussed. We use three zones: 
A for the superficial third, B for the middle third, and 
C for the deep third of the breast. Thus, a lesion at the 
12 o’clock position of the right breast that lies 2 cm from 
the nipple and middle third in depth, when scanned 
radially would be annotated as “R 12 N2 RAD.” This 
method of annotation is cryptic and reproducible. An 
icon of the right or left breast with a linear marker that 
demonstrates the position and orientation of the trans-
ducer is an acceptable alternative for annotation of scan 
location, and most ultrasound equipment manufacturers 
provide breast icons for this.

Documentation of Lesions

All lesions should be scanned in their entirety in two 
orthogonal planes to assess the surface and internal char-
acteristics as well as shape. Hard-copy or soft-copy 
images should be obtained in a minimum of two orthog-
onal planes. These orthogonal planes could be longitu-
dinal and transverse, but we prefer radial and antiradial 
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solid nodules, an important sign of a noninvasive lesion 
margin. Heeling and toeing can also improve the angle 
of incidence with duct walls, allowing better demonstra-
tion of ductal anatomy and pathology, especially in the 
subareolar portions of the ducts. Doppler ultrasound 
assessment of the breast depends greatly on using as 
little compression pressure as possible. Blood flow in a 
breast lesion can easily be decreased or even completely 
ablated if compression is too vigorous.

Positional changes are important in assessment of 
complex cysts. Fluid-debris levels, milk of calcium, 
and fat-fluid levels can all be shown to change sono-
graphically between supine and upright or lateral decu-
bitus positions. Some palpable abnormalities are clinically 
evident only in the upright position and therefore require 
that the scan be performed in the upright position.  
Even routine whole-breast scanning may require chang-
ing the position of the patient during the examination. 
Contralateral posterior oblique positions are better for 
evaluating the lateral half of the breast, whereas supine 
positioning is better for the medial half of the breast.

MAIN INDICATIONS

Most diagnostic breast ultrasound is performed in a tar-
geted fashion to evaluate a particular palpable or mam-
mographic abnormality.

Palpable Lumps

Sonography is very useful in evaluating palpable lumps, 
especially when there is dense tissue in the area of the 
palpable lump on mammography. Lesions that do not 
contain calcifications may be obscured by surrounding 
dense tissues on mammography. Sonography has much 
less to contribute to cases with only fatty density in the 
area of the palpable lump on mammography. It is 
unlikely that the mammogram missed anything signifi-
cant, and the palpable lump is almost certain to be either 
a fat lobule or a benign lipoma in such cases. The rare 
exception to this general rule occurs in cases of pea-sized 
or smaller palpable lumps when the skin line is overpen-
etrated on the film-screen mammogram and thus cannot 
be appreciated, even with the use of a hot light. These 
patients may have a tiny, superficial lesion just under the 
skin that is not adequately shown on the mammogram. 
This situation is much less common on digital mam-
mograms with current tissue equalization techniques. 
When the mammographic area of the palpable lump is 
of mixed fatty and water density, sonographic evaluation 
should be aggressively performed. Risk of missing a 
lesion mammographically is greatly reduced if the breast 
is fatty, but even minimal right-left asymmetries merit 
sonographic evaluation in such patients.

The specific goal of targeted sonographic evaluation 
of palpable lumps is either (1) to find normal or defini-

category is “mildly suspicious” and carries a greater than 
2% to 10% risk of malignancy. BIRADS 4b is “moder-
ately suspicious” and carries a risk of greater than 10%  
to 50%. The BIRADS 4c risk of malignancy is greater 
than 50% to less than 95%. The BIRADS 5 category is 
termed “malignant” and indicates a 95% or greater risk 
of malignancy.

The management rules for each category have already 
been developed for mammography and are quite simple. 
BIRADS 1 and 2 characterizations enable the patient to 
return to routine screening follow-up. BIRADS 3 char-
acterization presents the patient with three choices: sur-
gical biopsy, image-guided needle biopsy, or short-interval 
sonographic follow-up. Although the subdivision of  
the BIRADS 4 category is subjective and not defined  
by rules, the rules for management of the BIRADS 4 
categories are well established. Lesions with BIRADS  
4a, 4b, 4c, and 5 classifications all require biopsy. After 
a BIRADS category 1 sonogram, patients usually return 
to routine screening. After a BIRADS 2 category sono-
gram, management depends on the indication for the 
study. Patients with palpable abnormalities and a 
BIRADS 2 breast ultrasound undergo a clinical follow-
up with palpation in 6 weeks and routine screening, 
unless there are clinical indications for further evalua-
tion. Patients with a mammographic abnormality and  
a BIRADS 2 breast ultrasound exam usually return  
to routine mammographic screening. Patients with a 
BIRADS 3 breast ultrasound are offered the option of 
short-interval follow-up in 6 months or biopsy.

Diagnostic examinations in addition to mammogra-
phy and ultrasound will be most helpful in patients with 
BIRADS 4a and perhaps a few BIRADS 4b lesions. 
Patients with BIRADS 2 and 3 lesions generally do not 
require additional imaging. Patients with BIRADS 4b, 
4c, and 5 lesions will almost always proceed straight to 
biopsy, regardless of other imaging results.

Special Breast Techniques

Breast sonographic evaluation depends heavily on special 
dynamic and positional maneuvers performed during 
the examination. Dynamic maneuvers include varying 
compression to assess compressibility and mobility. 
Lesions that are more than 30% compressible are fatty 
with a high degree of certainty—either a normal fat 
lobule or a benign lipoma. Superficial venous thrombosis 
(Mondor’s disease) requires incompressibility and lack of 
flow on Doppler ultrasound for diagnosis. Ballottement 
(alternating compression and compression release) can 
be helpful to demonstrate mobility of echoes with ectatic 
ducts or complex cysts. Varying compression can also 
eradicate artifactual shadowing from critical angle shad-
owing off steeply oblique tissue planes. Heeling and 
toeing of the transducer can minimize critical angle 
shadowing arising from Cooper’s ligaments and better 
demonstrate the thin, echogenic capsule on the ends of 
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Sonography can prevent biopsy by showing normal  
or definitively benign findings. Several studies have now 
shown an extremely high (≥99%) negative predictive 
value for the combination of negative mammography 
and normal or benign ultrasound findings. Past common 
wisdom that all palpable lumps need to be biopsied is 
no longer true. However, palpable abnormalities span  
a spectrum from vague thickening to “rock-hard” im-
movable lumps, the latter obviously engendering greater 
clinical concern. However, the rock-hard immovable 
lump would virtually always be associated with suspi-

tively benign causes of the lump that do not require 
biopsy or short-interval follow-up or (2) to find a malig-
nant lesion that has been obscured by surrounding dense 
tissues on the mammogram. If sonography is to be truly 
effective at preventing biopsy of palpable normal breast 
tissues or definitively benign lesions (BIRADS 1 and 2 
findings), it is essential that the abnormality be simulta-
neously palpated while being scanned. The image should 
be annotated with the word “palpable,” or an image that 
documents the palpating finger on the lesion should be 
obtained (Fig. 20-16). Simply showing that normal 
tissue or a benign cyst exists in the same quadrant is 
insufficient proof that it is the cause of the palpable 
lump. For large lesions in compressible breasts, the oper-
ator can usually slide the nonscanning index finger under 
the transducer while scanning. For smaller lesions and 
firmer breasts, the index finger may lift the ends of the 
transducer so far off the skin that the lesion cannot be 
scanned with the finger between the transducer and skin. 
In such cases, trapping the lesion between the index and 
middle fingers and scanning the lesion while it is trapped 
may be useful (Fig. 20-17). For very small and superficial 
lesions, an opened paper clip or empty metal ballpoint 
pen cartridge can be used to palpate the lesion during 
scanning without lifting the ends of the transducer off 
the skin.

By aggressively scanning palpable abnormalities in 
patients who have dense tissue in the area of the palpable 
lumps, sonography should regularly detect malignant 
nodules that are missed by mammography. This is not 
an indictment of mammography, but rather indicates 
that understanding the limitations of mammography, 
with proper use of sonography in these highly select 
cases, can improve imaging performance in patients who 
have dense breasts on mammography.

Finger

L 1230 areolar TR
Left breast area of palp per pat.

1  N5  AR
Right breast palp area
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FIGURE 20-16. Marking palpable lesions during targeted diagnostic sonography is critical. Left, Small, simple 
cyst is palpated with the nonscanning index finger during imaging. Right, Fibroductal ridge is palpated during scanning.

Palp area between fingers

Left breast palp area
1 N1 ARAD

FIGURE 20-17. Finger trapping to document 
breast lesion. Trapping the palpable abnormality between the 
index and middle fingers can be helpful in documenting the cause 
of the “lump.” In some cases, it may not be possible to palpate 
along the long axis of the transducer because the lesion is too small 
or because the breast is so small and firm that the ends of the 
transducers no longer touch the breast when the palpating finger 
has been placed between the transducer and the skin.
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correlation of size, shape, location, and surrounding 
tissue density is best made between the craniocaudal 
(CC) mammographic view and the transverse sono-
graphic view because there is little rotation and no obliq-
uity of the x-ray beam on the mammographic CC view. 
Thus, the sonographic transverse view is obtained in the 
exact plane of mammographic compression. The medio-
lateral oblique (MLO) view is obtained between 30 
degrees and 60 degrees of obliquity off the true medio-
lateral plane and also usually involves some rotation of 
the breast. It is difficult to obtain an oblique sonographic 
plane that exactly reproduces the unknown degree of 
obliquity used to obtain the mammographic MLO view. 
The sonographic plane also cannot reproduce the rota-
tion of the breast that may occur when obtaining an 
MLO mammographic view. If a mammographic lesion 
can only be seen on the MLO view, it is usually best to 
obtain a true mediolateral (ML) view, taking care not to 
rotate the breast during compression, and then obtain a 
true longitudinal ultrasound view to correlate with the 
mammographic ML view.

Size Correlation

Mammographic-sonographic correlation of size should 
take into account everything that is water density. There-
fore, an oval-shaped, 3-cm, circumscribed mass might  
be shown to be (1) a cyst or (2) solid nodule with a  
thin echogenic capsule, (3) a cyst that contains a mural 
nodule, (4) a 3-cm collection of fibroglandular tissue, or 
(5) a smaller cyst or (6) solid nodule surrounded by 
fibroglandular tissue, where the cyst or solid nodule, 
together with the surrounding fibrous tissue, measures 
3 cm (Fig. 20-18). All six sonographic structures would 
constitute a perfect mammographic-sonographic size 
match if all structures that appear as water density mam-
mographically were appropriately taken into account. 
Measurements should be made outside-to-outside to 
include the capsule that surrounds the cyst or solid 
nodules, because the capsule is water density and will  
be included in the measurement of the lesion on the 
mammogram. Sonographic-mammographic correlation 
works best when the lesion is measured identically by 
both modalities. Mammography cannot distinguish the 
water density capsule from the water density lesion that 
it surrounds, meaning that the capsule will be included 
in the mammographic measurement. Therefore, the 
capsule must be included in the sonographic measure-
ment of the lesion as well.

Maximum diameter is better suited for sonographic-
mammographic correlation than mean diameter, because 
many mammographic lesions are partially compressible. 
To obtain the three measurements necessary for calcula-
tion of mean diameter on mammograms, two views are 
necessary. These views are not truly orthogonal. Only 
the dimensions of the lesion that are perpendicular to 
the axis of compression can be shown, and neither view 

cious sonographic findings. In general, our BIRADS 
classification and recommendation for management are 
based on imaging findings, not palpability. However, in 
many patients with BIRADS 3 findings, who are offered 
a choice between short-interval follow-up and biopsy, 
palpability does play a role in their decision to have 
biopsy rather than follow-up sonography. Thus, patients 
whose indication for targeted sonography was a palpable 
lump “self-select” biopsy.

The concept of a “negative” ultrasound report in 
patients with palpable breast lesions is flawed. Negative 
sonograms imply that the breast sonographer is detached 
from the interpretation of the images and may not fully 
understand the problem for which the patient presented. 
Rather, all sonograms in patients with palpable lumps 
should be viewed as being “positive for an explanation.” 
The positive finding can be palpable normal breast tissue 
or a palpable, clearly benign lesion, such as a simple cyst, 
but the finding positively and definitively explains the 
cause of the palpable abnormality. It is much more  
reassuring to the patient to be shown on the monitor 
that the lump palpated during the scan corresponds to a 
positive but normal finding, such as a ridge of normal 
fibroglandular tissue, than to be told her ultrasound  
is “negative.” The positive, but normal, ultrasound 
engenders confidence that the breast sonographer truly 
understands the patient’s problem, whereas a negative 
ultrasound engenders fear that the operator does not 
understand why the patient presented and might have 
missed something more sinister.

Mammographic Densities

Sonography is the best diagnostic tool for assessing 
mammographic abnormalities that do not contain suspi-
cious calcifications. These mammographic abnormalities 
range from discrete masses to focal asymmetrical densi-
ties. As with palpable abnormalities, sonography will 
demonstrate either asymmetrical normal tissues or  
definitively benign abnormalities, such as simple cysts, 
in most mammographic abnormalities. In a smaller per-
centage of patients, sonography will show findings that 
are more suspicious or malignant appearing than sug-
gested by mammography.

When sonography suggests that a benign abnormality, 
such as a simple cyst or asymmetrical normal breast 
tissue, causes the mammographic abnormality, it is 
important to be sure that the sonographic finding really 
explains the mammographic abnormality, and that there 
are not two completely different findings—a mammo-
graphic finding and a separate and incidental sono-
graphic finding. To ensure that there is only a single 
finding and that the sonographic finding and mammo-
graphic finding are the same, the clinician must rigor-
ously assure that the size, shape, location, and surrounding 
tissue density of the mammographic and sonographic 
findings are the same. Mammographic-sonographic 
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rotary forces applied during compression. The same 
phenomenon that causes the mean diameter of partially 
compressible lesions to appear larger on mammography 
than on sonography also causes a consistent shape  
difference between mammography and sonography. 
Partially compressible lesions that appear spherical on 
mammography are oval shaped on sonography because 
sonography is capable of showing the compressed diam-
eter of the lesion, whereas mammography cannot (Fig. 
20-19). When the mammographic lesion is spherical 
and incompressible, the shape will be spherical on 
sonography. Mammographic compression and sono-
graphic compression apply different rotatory forces on 
lesions that are not spherical. Mammographic com-
pression not only pulls lesions away from the chest  
wall, but also tends to rotate the lesion so that its long 
axis lies perpendicular to the chest wall. Sonographic 
compression will push lesions closer to the chest wall 
and tends to rotate the lesion’s long axis parallel to the 
chest wall. There is typically a 90-degree difference in 
the orientation of the long axis of lesions between the 
mammogram and the sonogram (Fig. 20-20). If this 
rotation is not taken into account, the breast sonogra-
pher may falsely conclude that the shape of the lesion 
is different on the mammographic and sonographic 
images.

Location or Position Correlation

Because mammographic compression pulls a lesion away 
from the chest wall and sonographic compression pushes 
the lesion closer to the chest wall, lesions usually appear 
much closer to the chest wall on sonography than on 
mammography. Lesions that appear to lie several centi-
meters from the chest wall on mammography may 
appear to lie very close to the chest wall, even indenting 
the chest wall musculature, on sonography. Lesions that 
would be considered in the B zone in depth on mam-
mograms often lie within the C zone sonographically. If 
this routine apparent difference in depth of lesions on 
mammography and sonography is not understood, the 
clinician might falsely conclude that the sonographic 
lesion lies too deep to correspond to the mammographic 
lesion.

Surrounding Tissue Density Correlation

The final step in correlating the sonographic and  
mammographic findings is assessment of the density  
of surrounding tissues. A lesion that protrudes into  
the subcutaneous fat from the mammary zone, and  
that is surrounded by fat superficially and water density 
tissue along its deep margins on the mammogram, 
should lie at the junction of the subcutaneous fat and 
mammary zone on the sonogram. It should be sur-
rounded by subcutaneous fat along its superficial margin 
and by either hyperechoic fibrous tissue or isoechoic 

shows the compressed dimension of the lesion. The two 
mammographic views will yield three measurements, all 
obtained perpendicular to the axis of compression. 
Sonography also requires two views to obtain the three 
measurements necessary for calculation of mean diame-
ter, but these views are truly orthogonal. Whereas two 
of the three dimensions obtained from sonography also 
lie perpendicular to the axis of compression, sonography 
can show the compressed diameter, which is the third 
measurement. As a result, sonography shows two large 
diameters and one small diameter. Thus, lesions that 
appear to be spherical in shape on mammography are 
often oval shaped on ultrasound (Fig. 20-19). This 
causes the mean diameter of compressible lesions 
obtained from sonography to be smaller than the mean 
diameter of the same lesion obtained from mammogra-
phy. Despite the different mean diameters obtained by 
mammography and sonography, the maximum diame-
ters will be the same. Maximum diameter, not mean 
diameter, should be used for sonographic correlation of 
lesion size. Mean sonographic diameters can be used for 
short-interval follow-up of a lesion.

Shape Correlation

Sonographic-mammographic correlation of shape must 
consider two phenomena: partial compressibility and 

A D

B E

C F

FIGURE 20-18. Importance of mammographic-
sonographic correlation. Everything that is water density 
could contribute to the size of the mammographic lesion. Thus, 
a 3-cm, ovoid, circumscribed mammographic mass could repre-
sent A, a cyst, or B, a solid nodule, surrounded by a thin echogenic 
capsule; C, 3-cm collection of interlobular stromal fibrous tissue; 
D, 3-cm cyst containing a mural nodule; or E, smaller cyst, or F, 
solid nodule, surrounded by fibrous or glandular tissue.
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ent categories: (1) ANDIs, (2) cysts, (3) solid nodules, 
and (4) indeterminate (cystic vs. solid) lesions.

Normal Tissues and Variations

Normal breast tissues and variations of normal tissues, 
including duct ectasia, fibrocystic change, and benign 
proliferative disorders, can cause both mammographic 
and sonographic abnormalities. These changes have been 
termed ANDIs, aberrations of normal development and 
involution. ANDIs can present sonographically not only 
as normal tissues but as cysts and solid nodules as well, 
accounting for some false-positive results at biopsy. As 
noted earlier, because normal tissue and ANDIs can 
cause both palpable and mammographic abnormalities, 
it is best to discard the concept of a “negative ultra-
sound” when evaluating clinical or mammographic 
abnormalities. It is better to think of all sonograms as 
positive—positive for a definitive explanation of the 
clinical or mammographic abnormality. That positive 
finding, however, may be a ridge of palpable fibroglan-
dular tissue or a collection of asymmetrical fibroglandu-
lar tissues that cause an asymmetrical mammographic 
density. Most sonographically normal tissues can be 
characterized as BIRADS 1. ANDIs cause a spectrum of 
abnormalities that can be characterized as BIRADS 2, 3, 
or 4.

glandular tissue along its deep border on the sonogram 
(Fig. 20-21).

Sonographic-Mammographic 
Confirmation

Correlating size, shape, location, and surrounding tissue 
density will allow the mammographic and sonographic 
findings to be definitively correlated in most cases, but 
in some cases may fail. If it cannot be determined with 
absolute certainty that the mammographic and sono-
graphic lesions are indeed the same, minimally invasive 
sonographic procedures can be performed to confirm the 
correlation. If sonography shows the suspect mammo-
graphic lesion to be cystic, ultrasound-guided cyst aspira-
tion can be performed and the mammogram repeated to 
see if the mammographic lesion has disappeared. If sonog-
raphy shows the suspect lesion to be solid, ultrasound-
guided needle localization with a removable wire can be 
performed and the mammogram repeated with the wire 
in place, to document that the sonographic lesion and 
mammographic lesion are indeed the same lesion.

SONOGRAPHIC FINDINGS

The sonographic findings that correlate with palpable or 
mammographic abnormalities can fall into several differ-

A B

FIGURE 20-19. Lesions that appear spherical on mammography often appear elliptical on sonography. A, 
Circumscribed isodense mammographic nodules appeared circular in both views (spherical) because the mammogram only demonstrates 
the axes of the cyst that lies perpendicular to the axis of compression and not the compressed axis. Sonography, however, does show the 
compressed axis. The mean diameter calculated from mammograms includes three large diameters that all lie in axes perpendicular to the 
axis of compression. B, The mean diameter calculated from the sonographic views includes two large diameters that lie perpendicular to 
the axis of compression (solid arrow) and one smaller diameter that lies parallel to the axis of compression (dotted arrow). For compressible 
lesions, the mean diameter obtained from sonograms is often smaller than the mean diameter obtained from mammography, but the 
maximum diameters from mammography and sonography will be similar.
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FIGURE 20-20. Mammographic-sonographic compression and lesion orientation. Mammographic compression 
(left) tends to rotate the long axis of the lesion perpendicular to the chest wall, whereas Sonographic compression (right) tends to rotate 
the long axis parallel to the chest wall. The long axes of lesions on mammography and sonography often differ by almost 90 degrees. The 
double-headed arrows show the long axis of the lesions.
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FIGURE 20-21. Mammographic-sonographic correlation of surrounding tissue density. Mammogram shows a 
nodule projecting between two Cooper’s ligaments (arrowheads) and bulging anteriorly into the subcutaneous fat (arrow) from the 
mammary zone (asterisk) Sonogram shows that the mammographic nodule is a small cyst that protrudes out of fibrous tissue in the 
mammary zone (asterisk) and into the subcutaneous fat (arrow). It lies between two Cooper’s ligaments (arrowheads).
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solid nodules to allow distinction between all solid 
malignant and all solid benign nodules. These studies 
were performed with older, lower-frequency, lower- 
resolution equipment and generally assessed only single 
sonographic findings. Since then, the approach to char-
acterizing solid nodules has evolved.

The key to developing a successful algorithm for char-
acterizing solid nodules is having realistic goals. The goal 
of distinguishing all benign from all malignant solid 
nodules was overly ambitious and not achievable. A 
more realistic goal is to identify a subpopulation of all 
solid nodules that is so likely to be benign that the 
patient can be offered the option of follow-up in addi-
tion to the option of biopsy. The precedent for this  
has been established in the mammographic literature. 
BIRADS 3 lesions, as they are currently defined in the 
mammographic literature, must have a 2% or lower risk 
of being malignant. To be prudent and conservative, any 
algorithm developed to identify the BIRADS 3 solid-
nodule subgroup on sonography must adhere to strict 
criteria that are identical to those accepted as the stan-
dard of care in the mammographic literature.

Figure 20-22 illustrates the heterogeneity of breast 
cancer, which can be thought of as spanning a spectrum 
from spiculated to circumscribed lesions. Not only is 
breast cancer heterogeneous from one nodule to another, 
but it also can be heterogeneous within an individual 
nodule, so there is a peak of mixed circumscribed- 
spiculated lesions in the center of the spectrum. Any 
sonographic algorithm designed to identify a BIRADS 3 
subgroup must consider heterogeneity.

Spiculated and circumscribed cancers differ greatly. 
The histologic and gross morphologic features of the 

Simple Cysts

The initial role of diagnostic breast sonography, to dis-
tinguish between cysts and solid nodules, remains a key 
role for sonography, but certainly not its only role.  
Demonstrating that a simple cyst causes a palpable lump 
or mammographic nodule is by far the most valuable 
finding demonstrable on sonography, because simple 
cysts are as definitively benign as anything that can be 
identified by any diagnostic imaging modality. Further-
more, the negative predictive value of a simple cyst is 
100%, higher than the 99+% negative predictive value 
of sonographic demonstration of normal breast tissues 
causing mammographic or palpable abnormalities. If 
strict criteria for a simple cyst are met, the lesion is 
BIRADS 2, and no biopsy, aspiration, or follow-up is 
necessary. In general, we only aspirate simple cysts in 
cases where they are so tense that they cause severe pain. 
The negative predictive value of demonstrating that a 
simple cyst causes a palpable or mammographic abnor-
mality is higher than demonstrating normal tissue or 
ANDIs as the cause. Complicated and complex cysts 
create a spectrum of lesions that can be characterized as 
BIRADS 2, 3, or 4.

Solid Nodules

Because the initial role of sonography in breast diagnosis 
was to distinguish between cysts and solid nodules, dem-
onstration of a solid nodule initially was an automatic 
indication for biopsy. Several early sonographic studies 
on characterization of solid nodules reported too much 
overlap between the features of benign and malignant 

BREAST CANCER IS HETEROGENEOUS

...and mixed circumscribed
and spiculated between...   Circumscribed

         cellular
• Hyaluron matrix
• Immune cells
• High grade
• Enhanced sound
• Doppler +

     Spiculated
    paucicellular
• Collagen matrix
• Desmoplastic
• Low grade
• Shadowing
• Doppler –

FIGURE 20-22. Malignant masses: spectrum of appearances. The appearance of breast cancer spans a spectrum from 
classic spiculated lesions to circumscribed carcinomas. There are also mixed spiculated and circumscribed lesions in the middle of the 
spectrum. Sonographic findings for circumscribed and spiculated lesions can be opposite from each other. Only by using multiple findings 
capable of identifying lesions at both ends of the spectrum can carcinomas be identified with the desired 98% or greater sensitivity.
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The algorithm that we use to evaluate lesions must 
account for internal heterogeneity by (1) assessing the 
surface, shape, and volume of the lesion for suspicious 
findings completely in two orthogonal planes (preferably 
radial and antiradial) and (2) ignoring benign or nonsus-
picious findings in lesions that have a mixture of suspi-
cious and nonsuspicious findings. The entire lesion must 
always be characterized by its most suspicious features. 
Table 20-1 shows the suspicious sonographic findings 
in solid breast nodules and compares them to suspi-
cious mammographic findings. Note that six of the nine 
suspicious sonographic findings are suspicious mam-
mographic findings that have been applied directly to 
sonography. Of the nine findings, only three—taller-
than-wide shape, acoustic shadowing, and hypoecho-
genicity—are unique to sonography.

Suspicious Findings

The suspicious sonographic findings can be classified 
into three subgroups by morphologic features or by his-
topathologic features. Table 20-2 shows the suspicious 
findings listed by their morphologic features: surface 
characteristics (spiculation, angular margins, and 
microlobulations); shapes (taller than wide, duct exten-
sion, and branch pattern); and internal characteristics 
(acoustic shadowing, hypoechoic echotexture, and calci-
fications). Histologic classification can be even more 
useful than morphologic classification (Table 20-2). His-
topathologic categories include “hard” findings that 
indicate the presence of invasion of surrounding tissues 
(angular margins, spiculation, thick echogenic halo,  
and acoustic shadowing); “soft” findings that indicate 
the presence of DCIS components of tumor (micro-
lobulations, calcifications, duct extension and branch 
pattern); and mixed findings that can be seen in 

spiculated and circumscribed ends of the malignant spec-
trum differ in cellularity, constituents of the extracellular 
matrix (ECM), host reaction to the tumor, and water 
content. Additionally, spiculated or stellate malignant 
lesions tend to be low to intermediate in histologic grade, 
whereas circumscribed lesions tend to be either special-
type tumors (e.g., colloid or medullary carcinoma) or 
high-grade invasive ductal carcinoma. The classic spicu-
lated breast carcinoma is composed of tumor cells, 
ECM, and desmoplastic host response to the lesion. 
Compared to circumscribed carcinomas, the usually low-
grade spiculated carcinomas are paucicellular—a small 
percentage of the total volume of the lesion is composed 
of tumor cells. Circumscribed carcinomas, usually 
high-grade invasive ductal carcinomas, on the other 
hand, are highly cellular. Spiculated carcinomas have a 
primarily collagenous ECM, whereas circumscribed 
lesions have more hyaluronic acid in the matrix. Spicu-
lated carcinomas have abundant desmoplastic host 
response, whereas circumscribed carcinomas manifest a 
primarily lymphoplasmacytic immune response. The 
paucicellular nature, collagenous matrix, and desmoplas-
tic host response of spiculated malignant lesions makes 
them relatively water poor, so they often cause acoustic 
shadowing. The high cellularity, hydrophilic hyaluronic 
acid matrix, and lymphoplasmacytic response in circum-
scribed lesions makes them water rich. Not only do cir-
cumscribed lesions not cause acoustic shadowing, they 
usually manifest increased sound transmission.

Thus, acoustic shadowing helps clinicians detect 
lesions at the spiculated end of the spectrum and some 
of the mixed lesions in the middle of the spectrum, but 
it is much less effective at the circumscribed end of the 
spectrum. Because of the high tumor cellularity of cir-
cumscribed carcinomas, they elaborate abundant angio-
genesis factors, and because the lymphoplasmacytic 
immune-inflammatory response, they also cause vasodi-
lation in surrounding vessels. The combined tumor  
neovascularity and inflammatory hyperemia caused by 
circumscribed malignant lesions makes them hypervas-
cular and positive on Doppler ultrasound studies. On 
the other hand, all living tissues have blood flow. Because 
spiculated lesions have relatively few tumor cells that 
elaborate angiogenesis factors, and because the collagen 
matrix and desmoplasia require little blood flow, spicu-
lated lesions often do not have perceptibly increased 
flow compared to benign lesions or normal tissue. Thus, 
Doppler sonography is usually quite effective for detect-
ing circumscribed cancers, but is less effective for stellate 
lesions. This means that, because of the heterogeneity 
of breast cancer, multiple different findings will be nec-
essary to detect cancer with adequate sensitivity, some 
better for the circumscribed end and some better for  
the spiculated end of the spectrum. A set of rules is  
also necessary to deal with the mixed circumscribed  
and spiculated lesions that lie in the middle of the 
spectrum.

TABLE 20-1. COMPARISON OF 
SUSPICIOUS SONOGRAPHIC AND 

MAMMOGRAPHIC FINDINGS

Suspicious Mammographic 
Findings

Suspicious Sonographic Findings

Spiculation Spiculation (thick, echogenic halo)
Irregular or poorly defined 

margins
Angular margins

Microlobulation Microlobulation
Calcifications Calcifications
Linear calcification pattern Duct extension
Branching calcification pattern Branch pattern
Mass or nodule Taller-than-wide shape*
Asymmetrical density Acoustic shadowing*
Developing density Hypoechogenicity*

*Findings unique to ultrasound.
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Spiculation or Thick Echogenic Halo

Spiculation (spicule) is a hard sonographic finding that 
corresponds to invasion of surrounding tissues and a 
desmoplastic host response to the lesion. Spiculation is 
a mammographic finding that can be directly applied  
to sonography (Fig. 20-23, A). When the spiculations 
are coarse, they manifest as alternating hypoechoic  
and hyperechoic lines that radiate perpendicular to the 
surface of the nodule; the hypoechoic components rep-
resent either fingers of invasive tumor or DCIS compo-
nents of tumor extending into the surrounding tissues, 
and the hyperechoic elements represent the interfaces 
between the spicules and surrounding breast tissues (Fig. 
20-23, B). In most cases, however, spicules are fine and 
present with only a single echogenicity. They appear to 
be either hyperechoic or hypoechoic depending on echo-
genicity of the tissue within which the lesion lies.

The spicules in malignant nodules that are surrounded 
by hyperechoic fibrous tissues appear hypoechoic (Fig. 
20-23, C ), whereas spicules in malignant nodules that 
are surrounded by fat appear hyperechoic (Fig. 20-23, 
D). The role of sonography in fat-surrounded lesions is 
usually to guide interventional procedures or to deter-
mine extent of disease, whereas its role in fibrous- 
surrounded lesions may be diagnostic because such 
lesions can be completely obscured by surrounding dense 
tissues on the mammogram. The thick, echogenic halo 
that surrounds some malignant solid nodules represents 
spiculations that are too small to demonstrate sonograph-
ically. For this reason, either frank spiculations or the 
presence of a thick, echogenic halo should be considered 
to be spiculations. The classic thick echogenic halo 
appears thicker along the edges of the nodule than on its 
anterior and posterior surfaces (Fig. 20-24); the spicules 
are more numerous in the coronal plane and are perpen-
dicular to the beam along the edges of the nodule, 
forming strong spicular reflectors. The less common spic-
ules that do occur on the anterior and posterior surfaces 
of the nodule lie nearly parallel to the sonographic beam 
and therefore are very weak spicular reflectors. Consider-
ing the thick echogenic halo to be a variant of frank 
spiculations approximately doubles the sensitivity of 
spiculation for malignant nodules, from 36% to 70%.

Sonographic imaging in three dimensions is very 
helpful at demonstrating spiculations. Most spiculations 
are oriented in the coronal plane, so the reconstructed 
coronal plane is especially helpful. Thick, echogenic 
halos in standard planes can often be resolved as frank 
spiculations in the coronal plane. This is true for hand-
held and automated breast scanners (Figs. 20-25 and 
20-26).

Angular Margins

Angular margins are the jagged or irregular margins  
discussed in the mammography and breast ultrasound 

association with either invasive or DCIS components  
of tumor (hypoechoic echotexture and taller-than-wide 
orientation).

Including soft findings is important because the most 
common breast carcinoma, invasive duct carcinoma—
invasive not otherwise specific (NOS) or no specific type 
(NST) carcinoma—usually contains DCIS components. 
“Soft” suspicious findings help in two ways. First, soft 
findings can help clinicians detect pure DCIS, which 
rarely develops “hard” suspicious findings. Second, 
including soft findings can help to detect and character-
ize the circumscribed invasive duct carcinomas that 
contain both invasive and DCIS components. In such 
cases, the new periphery of the lesion is where the DCIS 
components are located. Thus, the surface characteris-
tics and shapes of the lesion are created by the DCIS 
elements of the lesion, not by the centrally located inva-
sive components. Finally, the use of soft findings can 
aid in accurately staging malignant breast lesions on 
sonography; the DCIS components of the lesion that 
extend into the surrounding tissues for variable distances 
can be identified only by soft findings. Soft findings do 
increase the sensitivity of the sonographic algorithm for 
detecting malignant disease, but also increase the false-
positive rate, especially for lesions that contain only soft 
findings. Lesions that demonstrate only soft findings are 
most likely to be benign—papillomas, fibroadenomas, 
and fibrocystic change (FCC). However, the risk of 
malignancy for solid nodules that demonstrate only soft 
suspicious findings is greater than 2%, requiring that 
such lesions be characterized as mildly suspicious 
(BIRADS 4a) and biopsied. Each of the individual sus-
picious sonographic findings has a solid histopathologic 
basis.

TABLE 20-2. COMPARISON OF 
MORPHOLOGIC AND 

HISTOPATHOLOGIC FEATURES OF 
SUSPICIOUS SONOGRAPHIC FINDINGS

MORPHOLOGIC 
FEATURES

HISTOPATHOLOGIC 
FEATURES

Surface Characteristics “Hard” Findings
Spiculation Spiculation (halo)
Angular margins Angular margins
Microlobulation Acoustic shadowing

Shapes Mixed Findings
Taller than wide Hypoechogenicity
Duct extension Taller than wide
Branch pattern “Soft” Findings
Internal Characteristics Microlobulation
Calcifications Duct extension
Acoustic shadowing Branch pattern
Hypoechogenicity Microcalcifications
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fibrous tissue (Fig. 20-27, B). In the approximately two 
thirds of malignant nodules that arise within anteriorly 
located TDLUs abutting the anterior mammary fascia, 
angulations tend to occur at points where Cooper’s liga-
ments intersect the surface of the nodule (Fig. 20-27, C ). 
Angular margins have the second best sensitivity of all 
the suspicious findings (90%) but have the best combi-
nation of sensitivity and positive predictive value of any 
of the findings.

Microlobulations

Microlobulations are 1-mm to 2-mm lobulations that 
vary in number and distribution along the surface  
and within the substance of a nodule. They may occur 

literature. Angular margins are a subcategory of the ACR 
BIRADS “irregular shape.” Angular margin represents a 
hard sonographic finding indicative of invasion as well 
as a mammographic finding that has been applied 
directly to sonography. The angles of the lesion margins 
can be acute, right angle, or obtuse. A single angle of any 
type on the surface of the lesion should be considered 
suspicious and should exclude the lesion from the “prob-
ably benign” BIRADS 3 category. Angles on the surface 
of the nodule occur in regions of low resistance to  
invasion. In lesions surrounded by fat, angulations can 
occur on any surface of the nodule (Fig. 20-27, A). In 
fibrous-surrounded lesions, angular margins tend to 
occur on the edges of the lesion, within loose periductal 
stromal tissues, and between tissue planes within the 

A B

C D

FIGURE 20-23. Spiculation. A, Spiculation is a “hard” mammographic finding that indicates invasion. B, Coarse spiculations 
(between arrows) present as alternating hypoechoic and hypoechoic lines radiating from the nodule on ultrasound. The hypoechoic parts 
represent fingers of invasive tumor or ductal carcinoma in situ, and the hyperechoic lines represent the interface between the tumor and 
surrounding tissue. Most spicules are fine rather than coarse and present with only a single echogenicity opposite that from the background 
tissues. C, The spiculated lesions surrounded by hyperechoic fibrous tissues are hypoechoic (between arrows). D, Fine spicules in lesions 
surrounded by fat appear hyperechoic (between arrows). Note that spiculations are most prominent within the coronal plane along the 
sides of the nodule.
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over only a small percentage of the surface of a nodule. 
Microlobulation is a mixed finding that can be seen with 
both invasive and DCIS components of tumor, but more 
often represents in situ components of tumor. It is a 
mammographic finding that applies directly to sonogra-
phy. When microlobulations are angular and are associ-
ated with a thick echogenic halo, they usually represent 
fingers of invasive carcinoma (Fig. 20-28, A). When the 
microlobulations are rounded and associated with a  
thin echogenic capsule, they usually represent DCIS 
components of tumors. DCIS components can create 
microlobulations in two ways: ductules or ducts that  
are distended with tumor and necrosis (Fig. 20-28, B), 
or cancerized lobules (Fig. 20-28, C ). The size of micro-
lobulations correlates with the histologic grade of the 
tumor. High-grade lesions tend to have large microlobu-
lations, whereas low-grade lesions tend to have very small 
microlobulations, and intermediate-grade lesions tend to 
have intermediate-sized microlobulations.

Taller-than-Wide Shape

Lesions that are larger in the AP dimension than in any 
horizontal dimension are suspicious for malignancy. 
This is a mixed finding that can be seen with both inva-
sive and DCIS lesions (Fig. 20-29). Taller-than-wide 
shape is unique to sonography and is not seen on  
mammography. Originally described in the Japanese  
literature, taller than wide (termed “not parallel” in ACR 
BIRADS ultrasound lexicon) is primarily a feature of 
small, solid malignant nodules that have a volume of  
1 cc (1 mL) or less. Our data confirm this. As lesions 
enlarge, they tend to become wider than tall (termed 

FIGURE 20-24. Echogenic halo with hyperechoic 
spicules. The thick, poorly defined echogenic halo that can be 
seen around some invasive malignant lesions surrounded by fat 
represents hyperechoic spicules too small to be resolved individu-
ally. The halo is more often seen and is thicker along the sides of 
the nodule within the coronal plane (arrows) because spicules are 
more common in the coronal plane and because the spicules that 
lie within the coronal plane are perpendicular to the ultrasound 
beam, where they make strong spicular reflectors.

FIGURE 20-25. Three-dimensional or volume imaging with a hand-held transducer. The coronal reconstructed 
plane can be especially useful in assessing for spiculations. What appears to be a poorly defined, thick, echogenic halo in radial or antiradial 
planes (left, arrows), can often be resolved as individual hyperechoic spicules in the reconstructed coronal plane (right, arrows). The coronal 
plane can also better demonstrate other architectural distortions, such as thickened Cooper’s ligaments (right, arrowhead).
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Duct Extension and Branch Pattern

Duct extension and branch pattern are “soft” shape  
findings that correlate with the presence of DCIS com-
ponents of tumor. Duct extension and branch pattern 
are mammographic calcification patterns that have been 
applied to components of solid nodules. Duct extension 
and branch pattern fall under the category of “effect on 
surrounding tissues” in the ACR BIRADS ultrasound 
lexicon. Duct extension and branch pattern can best be 
demonstrated when the scan plane is oriented parallel to 
the long axis of the mammary ducts in the region of the 

“parallel” in BIRADS lexicon). The best of several expla-
nations for this finding is that the shape of small carci-
nomas merely reflects the shape of the TDLUs within 
which the carcinoma arose. Most TDLUs lie in the 
anterior aspect of the mammary zone and are oriented 
in a taller-than-wide axis. As malignant lesions expand 
into the lobar ductal system, which is oriented horizon-
tally within the breast, they tend rapidly to become wider 
than tall (Fig. 20-30). About 70% of malignant nodules 
with maximum diameters less than 10 mm are taller 
than wide. Only 20% of malignant nodules over 2.0 cm 
in maximum diameter are taller than wide.

FIGURE 20-26. Three-dimensional or volume imaging with automated breast scanner. Spiculations are better 
demonstrated on the reconstructed coronal plane (right) than on the serial native (original) plane images.

A B C

FIGURE 20-27. Angular margins represent invasion of carcinoma into low-resistance pathways. A, Fat offers 
little resistance to invasion, so malignant nodules surrounded by fat can develop angles along any surface (arrows). B, In lesions surrounded 
by hyperechoic fibrous tissues, paths of low resistance are along the periductal tissues (arrowhead) and horizontally along the tissue planes 
within the fibrous tissue (arrows). C, Following Cooper’s ligaments (arrowheads) down to their base, where they intersect the surface of 
the nodule, is the best way to detect angles (arrows) on the surface of malignant solid nodules.
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have small branch patterns; and intermediate-grade 
lesions tend to have intermediate-sized branches. The 
presence of duct extension or branch pattern is not a 
specific sign of malignancy, but rather suggests an intra-
ductal growth pattern. Benign intraductal lesions such 
as papillomas and chronic periductal mastitis and fibrosis 
can also demonstrate duct extension or branch pattern. 
In fact, when only duct extension or branch pattern is 
present, the lesion is a benign papilloma in 87% of cases. 
However, 6% of such lesions represent DCIS, and 
another 7% represent papillomas that have atypia in the 
surface epithelium. Even in the absence of other suspi-
cious findings, the risk of malignancy in nodules that 

nodule. Duct extension usually manifests as a single pro-
jection of solid growth toward the nipple from the main 
nodule (Fig. 20-31). Because the duct extension often 
involves the highly distensible lactiferous sinus portion 
of the major lobar duct, it can be quite large, up to 5 mm 
in diameter. Branch pattern manifests as a projection of 
the solid nodule into multiple small ducts peripherally 
(Fig. 20-32). Because these are small ducts, branch-
pattern involvement is generally smaller than duct 
extension.

The size of the branch pattern correlates with the 
histologic grade of the lesion. High-grade lesions tend to 
have large branch patterns; low-grade lesions tend to 

A B

C D

* *

FIGURE 20-28. Microlobulations. These can represent either angles of invasive tumor or ductal carcinoma in situ (DCIS) com-
ponents of the lesion. A, When microlobulations are pointed or angular (arrows) and associated with spiculations or thick, echogenic halo 
(asterisks), they represent fingers of invasive tumor. B, When microlobulations appear as small “tennis rackets” (arrows) projecting from 
the surface of the nodule, they represent surrounding lobules distended with DCIS or cancerous lobules. Microlobulations that are round 
or oval shaped with thin, echogenic capsules represent tumor-distended ducts. The thin capsule represents the intact duct wall. C, Small 
microlobulations (arrows) correspond to minimally distended ducts that are filled with low-nuclear-grade DCIS. D, Large microlobulations 
(arrows) correspond to grossly distended ducts that contain high–nuclear-grade DCIS.
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sive intraductal components of tumor. Solid nodules 
that have long duct extensions or extensive branch  
patterns tend to have extensive intraductal (DCIS) com-
ponents (EIC) that increase the likelihood of local 
recurrence.

Acoustic Shadowing

Acoustic shadowing is a “hard” suspicious internal char-
acteristic finding that suggests the presence of invasive 
malignancy. Acoustic shadowing tends to occur in solid 
nodules that lie on the spiculated end of the malignant 

have duct extension or branch pattern as their only suspi-
cious finding is greater than 2% for lesions, and such 
lesions must be excluded from the BIRADS 3 category. 
It is important to recognize duct extension and branch 
pattern for two reasons: (1) to minimize false-negative 
characterization of pure DCIS and (2) to identify exten-

A B C
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FIGURE 20-29. Terminal ductolobular unit (TDLU) carcinoma. Taller-than-wide orientation corresponds to a small, in 
situ or invasive carcinoma involving a single TDLU. A, Normal lobule (asterisk), its extralobular terminal duct (t), and part of the segmental 
duct (d). The TDLU orientation is taller than wide. B, Small, intermediate-nuclear-grade DCIS grossly distends the lobule (asterisk) and 
its extralobular terminal duct, remaining oriented in the taller-than-wide axis of the lobule from which it arose. C, Small, low-nuclear-
grade invasive ductal carcinoma more grossly distends and distorts the lobule (asterisk) and extralobular terminal duct from which it arose, 
but remains oriented taller than wide. Note the angles that indicate invasion into the surrounding tissues.

* *
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FIGURE 23-30. Ductal carcinoma in situ (DCIS). 
Growth of DCIS changes shape to wider than tall. As malignant 
solid nodules enlarge, DCIS components grow down the lobar 
duct toward the nipple and develop cancerized adjacent lobules, 
changing from taller-than-wide to wider-than-tall shape. Tumor-
distended anterior lobules (*); tumor-distended but smaller pos-
terior lobules (#); and tumor-distended lobar duct (arrows).
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FIGURE 20-31. Duct extension of ductal carcinoma 
in situ. DCIS growing within the lobar duct toward nipple. 
Most invasive duct carcinomas contain DCIS components. In 
some cases the DCIS growing away from the tumor toward the 
nipple within the lobar duct may grossly distend the duct enough 
to allow recognition of duct extension sonographically (arrows). If 
such duct extensions are not recognized on ultrasound, they might 
be transected at surgery, leading to positive margins, local recur-
rence, and the need for re-resection.
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spectrum and represent about one third of all solid 
malignant nodules. The desmoplastic components of  
the tumor substance and spiculations cause the shadow-
ing (Fig. 20-33, A). Because breast carcinomas can be 
internally heterogeneous, only part of a solid malignant 
nodule might give rise to acoustic shadowing (Fig. 
20-33, B). Other parts of the lesion might be associated 
with normal or enhanced sound transmission. High-
grade invasive ductal carcinomas, the most common 
circumscribed malignant nodules, do not usually cause 
shadowing. In fact, they most often have associated 
enhanced sound transmission (Fig. 20-34, A), and many 
intermediate-grade lesions demonstrate normal sound 
transmission (Fig. 20-34, B). Even pure DCIS that is 
high nuclear grade may be associated with enhanced 
through-transmission. Special-type tumors and invasive 
lobular carcinomas also tend to cause either acoustic 
shadowing or enhanced sound transmission. Most inva-
sive lobular carcinomas and tubulolobular carcinomas 
cause acoustic shadowing. Some tubular carcinomas less 
than 1.5 cm in diameter and most 1.5 cm or larger in 
maximum diameter cause acoustic shadowing. The dif-
ferential diagnosis for malignant nodules that cause 
acoustic shadowing, in order of frequency, is (1) low-
grade to intermediate-grade invasive ductal carcinoma, 
(2) invasive lobular carcinoma, (3) tubulolobular carci-
noma, and (4) tubular carcinoma. The differential diag-

FIGURE 20-32. In situ carcinoma involving branch 
ducts. Growth of DCIS into small ducts that lie peripherally 
can distend the ducts enough to permit recognition of the involve-
ment as branch pattern (arrows). Branch pattern ducts are mul-
tiple and are usually smaller and shorter than duct extensions, but 
their width is proportionate to the nuclear grade of the DCIS 
within them.
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FIGURE 20-33. Cancer causing acoustic shadowing. Acoustic shadowing is a “hard” finding that suggests the presence of 
desmoplastic invasive tumor. Any acoustic shadowing should be considered suspicious—whether A, complete, or B, partial. Tumors that 
are becoming progressively more de-differentiated and that are polyclonal or that contain mixtures of low-grade and intermediate-grade 
or high-grade components tend to create partial shadows.
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A BRT breast ques area on mamms RT breast ques area on mamms

FIGURE 20-34. Variable sound transmission deep to carcinomas. About one third of malignant nodules cause acoustic 
shadowing, the other two-thirds have either normal sound transmission or enhanced sound transmission. A, High-grade invasive ductal 
carcinomas tend to be associated with enhanced sound transmission. B, Intermediate-grade invasive duct carcinomas tend to be associated 
with normal or mixed sound transmission.

nosis for malignant nodules associated with enhanced 
sound transmission, in order of frequency, includes (1) 
high-grade invasive ductal carcinoma; (2) high-nuclear-
grade DCIS; (3) colloid carcinoma, usually when 1.5 cm 
in diameter or larger; (4) medullary carcinoma; and  
(5) invasive papillary carcinoma.

Calcifications

Calcifications are mammographic suspicious findings that 
have been applied directly to sonography. Calcifications 
within solid nodules are soft suspicious sonographic find-
ings that suggest the presence of DCIS components. In 
the ACR BIRADS ultrasound lexicon, calcifications can 
be classified as macrocalcifications or microcalcifications. 
Microcalcifications can occur within or outside a mass. 
The calcifications develop within necrotic debris within 
the center of the lumen of DCIS-distended ductules or 
ducts. Because microlobulations, duct extensions, and 
branch patterns represent DCIS components of the tumor 
distending ducts, malignant calcifications can often be 
found within the other soft findings that represent DCIS. 
Thus, many malignant calcifications can be found within 
the center of microlobulations, duct extensions, or branch 
patterns (Fig. 20-35). The calcifications that are shown 
on sonography are smaller than the beam width and 
therefore subject to volume averaging. They are usually 
in the 200 to 500–micron size range. Calcifications that 

are narrower than the beam width do not cast acoustic 
shadows, appear larger than their true size, and appear less 
echogenic than their true echogenicity. Most benign 
calcifications lie within a fairly echogenic background, 
so that when volume is averaged with the surrounding 
echogenic tissues, they are no longer bright enough to be 
identified sonographically. Malignant calcifications lie 
within rather homogeneously hypoechoic tumor sub-
stance and remain visible even though they are subject to 
volume averaging with surrounding tissues. Thus, sonog-
raphy can generally demonstrate a higher percentage of 
malignant than benign microcalcifications.

Hypoechogenicity

Marked hypoechogenicity of the substance of a solid 
nodule (compared to fat) is a mixed suspicious internal 
characteristic sonographic finding of malignancy. It can 
be the result of several different tumor characteristics. 
High-grade invasive ductal carcinomas that are highly 
cellular and contain abundant hyaluronic acid in the 
ECM may appear hypoechoic because of the high water 
content. Pure DCIS may appear hypoechoic because  
of either necrosis or secretions within the lumina of 
tumor-distended ducts. Low-grade invasive ductal carci-
nomas can appear “markedly hypoechoic” because of 
acoustic shadowing (Fig. 20-36). In recent years, as we 
have pushed the transducer frequency, bandwidth, and 
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Benign Findings

Only if no suspicious findings are present should one of 
three benign findings be sought. The benign findings 
are (1) pure and total hyperechogenicity, which rep-
resents interlobular stromal fibrous tissue; (2) an ellipti-
cal shape with wider-than-tall orientation, with the 
lesion completely encompassed by a thin, echogenic 
capsule; and (3) a gently lobulated shape with wider-
than-tall orientation with three or fewer lobulations, 
with the lesion completely encompassed by a thin, echo-
genic capsule. If a nodule fits into one of these three 
categories, it can be characterized as BIRADS 3, “prob-
ably benign.”

Hyperechoic Tissue

Purely hyperechoic tissue is normal interlobular stromal 
fibrous tissue, which can cause either palpable or mam-
mographic abnormalities (Fig. 20-38). To be considered 

system dynamic range to their limits, the percentage of 
malignant nodules that appears markedly hypoechoic 
has decreased from about 70% to 50%. However, digi-
tally encoded harmonic ultrasound can make a larger 
percentage of solid nodules appear markedly hypoechoic 
compared with the surrounding fat (Fig. 20-37).

Multiple Findings

None of the individual findings achieves a sensitivity 
of 98% or greater because breast carcinoma is too het-
erogeneous to be detected with high sensitivity using a 
single finding. Remember that single findings can detect 
only cases at one end of the malignant spectrum and 
some mixed cases, but not cases at the other end of the 
spectrum. However, because the average breast carci-
noma has five or six of the suspicious findings, the 
overall sensitivity for breast cancer of the algorithm 
using multiple findings easily exceeds our goal of 98% 
or greater.

In mass In microlobulations

In duct extension In branch pattern

K

A B

C D

FIGURE 20-35. Microcalcifications. These appear as bright echoes too small to create acoustic shadows. Microcalcifications are 
“soft” findings that suggest the presence of DCIS elements. A, Microcalcifications can occur amorphously within a mass. However, most 
malignant breast calcifications occur within the necrotic debris in the center of the lumen of tumor-distended ducts. B to D, Other soft 
findings can each represent tumor-filled ducts, and calcifications often occur inside other soft findings, such as B, within microlobulations 
(arrows); C, within duct extensions (arrows); or D, within branch patterns (arrows).



802  PART III ■ Small Parts, Carotid Artery, and Peripheral Vessel Sonography

A B C

FIGURE 20-36. Hypoechoic carcinomas. Malignant nodules are often markedly hypoechoic in comparison to fat. Hypoecho-
genicity can be the result of A, high cellularity and high content of hyaluronic acid within the extracellular matrix, or B, from intense 
acoustic shadowing associated with invasive carcinomas. C, Necrosis within the lumen of tumor containing ductules can cause marked 
hypoechogenicity in lesions composed of pure DCIS.

A B

Fund Harm
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FIGURE 20-37. Harmonic imaging improves mass visibility. A, Nodules that are isoechoic with surrounding tissues and 
difficult to identify with fundamental imaging (arrows) often appear B, markedly hypoechoic and more conspicuous (arrows) when viewed 
with harmonics.
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FIGURE 20-38. Hyperechoic fibrous tissue collections. Normal isolated collections of hyperechoic interlobular stromal 
fibrous tissue can cause A, mammographic nodules and masses, or B, palpable ridges. The negative predictive value of purely and intensely 
hyperechoic tissue is essentially 100%. However, collections of hyperechoic tissue should not contain any hypoechoic or isoechoic areas 
that are larger than normal ducts or TDLUs. C, Certain small, invasive carcinomas can present with tiny hypoechoic central foci (arrow) 
surrounded by very thick, echogenic halos (*). Near-field volume averaging or tangential imaging through the thick, echogenic halo of 
such lesions can make them falsely appear to be purely hyperechoic.

benign, the hyperechoic tissue can contain normal-sized 
ducts or TDLUs, but it should contain no isoechoic  
or hypoechoic structures larger than normal ducts or 
lobules. Purely hyperechoic carcinomas are exceedingly 
rare, but occasionally a carcinoma may have a very  
small, hypoechoic central nidus and a very thick, echo-
genic halo, and technical errors such as volume averaging 
or tangential imaging through the halo can make the 
lesion falsely appear to be purely hyperechoic (Fig. 
20-38, C ).

Wider-than-Tall Shape

An elliptical, wider-than-tall shape is the classic shape 
of fibroadenomas. However, we require that this shape 
also be encompassed completely by a thin, echogenic 
capsule to meet strict criteria for BIRADS 3 classification 
(Fig. 20-39, A).

A gently lobulated, wider-than-tall shape that con-
tains three or fewer lobulations is the second most 
common shape of fibroadenomas. As for elliptical lesions, 
there must be a demonstrable thin, echogenic capsule 
surrounding the entire lesion before it can be classified 
as BIRADS 3 (Fig. 20-39, B).

Nodules that appear to be elliptical in one view and 
gently lobulated in the orthogonal view are common. 
The negative predictive value of the elliptical shape is 
97%, and the negative predictive value of the gently 
lobulated shape is 99%, in a population of nodules with 
33% malignant nodules.

Thin Echogenic Capsule

It is important to combine the elliptical or gently lobu-
lated shapes with the presence of a complete, thin, 
echogenic capsule in order to minimize false-negative 
results in circumscribed carcinomas (which may be sur-
rounded by a thin echogenic pseudocapsule) and in 
pure DCIS (surrounded by the intact thin echogenic 
duct wall) because they are almost never elliptical or 
gently lobulated in shape. They are usually associated 
with other suspicious findings, such as angular margins, 
taller-than-wide shape, microlobulations, duct exten-
sion, or branch pattern. The thin echogenic pseudocap-
sule that can be seen around circumscribed carcinomas 
is often absent along part of the surface of the nodule. 
By combining the presence of a complete, thin, echo-
genic capsule with the elliptical or gently lobulated 
shape, we can achieve a negative predictive value of 
greater than 99%.

Rocking the transducer in its short axis and heeling 
and toeing the transducer along its long axis are often 
necessary to demonstrate the presence of a thin, echo-
genic capsule along the edges of the nodule. Using less 
compression often helps to demonstrate the thin echo-
genic capsule in benign nodules that are surrounded by 
hyperechoic fibrous tissue.

The sensitivity for carcinoma in the entire population 
of solid nodules and the negative predictive value  
for nodules meeting strict criteria for BIRADS 3 both 
exceed 98%. Thus, by using multiple findings in a strict 
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that meet strict criteria for being simple are “definitively 
benign” and do not require further diagnosis. Biopsy, 
aspiration, and even follow-up are not necessary. Aspira-
tion of simple cysts is generally reserved for relief of pain 
and tenderness in very tense simple cysts.

In the ACR BIRADS ultrasound lexicon, a distinction 
is made between complex and complicated cysts. Any 
cyst that is not simple is either complicated or complex. 
Complex cysts have thick and irregular walls, mural 
nodules, thick septations, and internal blood flow. Cysts 
that are complex are at increased risk of containing papil-
lomas or carcinomas. Complicated cysts, on the other 
hand, contain echogenic fluid, fluid-debris levels, or fat-
fluid levels. They are generally benign, at low risk of 

algorithmic approach, we are able to identify a subgroup 
of solid nodules that meets the mammographic defini-
tion for BIRADS 3: a 2% or lower risk of being malig-
nant (Table 20-3). Table 20-4 shows the results of 
sonographic characterization into BIRADS categories. 
Note that the actual percentage of malignant nodules 
within each BIRADS category falls within the predicted 
risk for that specific category.

Complex and Complicated Cysts

Simple cysts are anechoic and surrounded completely by 
a thin, echogenic wall or capsule with enhanced sound 
transmission and thin-edge shadows (Fig. 20-40). Cysts 

AR
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FIGURE 20-39. Fibroadenoma. A, Classic shape of benign fibroadenomas is elliptical. Such lesions are wider than tall and com-
pletely encompassed by a thin, echogenic capsule. B, Second most common shape of benign fibroadenomas is gently lobulated. Classic 
lobulated fibroadenomas have three or fewer lobulations, are wider than tall, and are completely encompassed by a thin, echogenic capsule.

TABLE 20-3. CHARACTERIZATION OF SOLID BREAST NODULES

 BENIGN HISTOLOGY MALIGNANT HISTOLOGY TOTALS

Negative sonogram (BIRADS 2 and 3) 287 (TN) 1 (FN) 288
Positive sonogram (BIRADS 4 and 5) 610 (FP) 477 (TP) 1087
totals 897 478 1375

BIRADS, Breast Imaging Reporting and Data System; TN, true negative; FN, false negative; FP, false positive; TP, true positive.
Sensitivity: 406/407 = 99.8%.
Negative predictive value: 245/246 = 99.6%.
Specificity: 245/804 = 30.5%.
Positive predictive value: 406/965 = 42.1%.
Accuracy: (245 + 406)/1211 = 53.8%.
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with fluid cytology or follow-up) is much less reliable 
than the histologic gold standard used for solid nodules. 
It takes many more cases over a much longer period to 
develop an algorithm for nonsimple cysts than it does 
for developing a solid nodule algorithm. The algorithm 
used for evaluation of nonsimple cysts has been derived 
from the mammographic and solid nodule algorithms. 
It contains multiple suspicious and benign findings, 
requires looking for suspicious findings first, and looking 
for benign findings only in cases with no suspicious find-
ings. The presence of even a single suspicious finding 
requires exclusion from BIRADS 2 category, and in most 
cases, exclusion from the BIRADS 3 category as well.

Every effort should be made to characterize as many 
nonsimple cysts as BIRADS 2 as possible. There are 
simply too many nonsimple cysts to biopsy, aspirate, or 
even follow. However, cysts that are not simple must 
meet strict criteria before they can be characterized as 
BIRADS 2 or even BIRADS 3, and any cyst character-
ized as BIRADS 3 lesions should undergo short-interval 
follow-up. If strict criteria for BIRADS 2 or 3 cannot be 
met, the lesion should be characterized as BIRADS 4a 
by default. We believe strongly that complex cysts clas-
sified as BIRADS 4a should not be assessed with fluid 
cytology, but should be evaluated histologically, prefer-
ably by ultrasound-guided directional vacuum-assisted 
biopsy (DVAB). A marker should always be deployed in 
cases undergoing ultrasound-guided DVAB. If the his-
tology reveals atypia or malignancy, the marker will be 
necessary to help localize the biopsy site for surgical 
excision.

Intracystic Papillary Lesions

Cysts that are not simple may involve an intracystic 
papillary lesion or inflammation and infection. Sonogra-
phy does not distinguish benign intracystic papilloma 
from carcinoma as effectively as it characterizes solid 
nodules because of the direction of invasion. Invasion 
arising from solid nodules is outwardly directed, greatly 
affecting the shape and the surface characteristics of the 
lesion. However, invasion arising from intracystic lesions 

containing papillomas or carcinomas, and are part of the 
broad spectrum of benign fibrocystic change (FCC). 
Cysts that have both complex and complicated features 
should be classified as the more suspicious of the two, 
complex.

In general, clinicians are too concerned about cysts 
that are not simple. A good general rule is that most 
nonsimple cysts fall within the benign FCC spectrum, 
and malignant cysts are relatively uncommon. However, 
general rules are never comforting to an individual 
patient, who is usually quite sure she is the exception to 
the rule. The greatest difficulty in developing a system-
atic algorithm for evaluating nonsimple breast cysts is 
that the “gold standard” for diagnosing cysts (aspiration 

FIGURE 20-40. Simple cysts. Simple cysts are anechoic 
and have enhanced sound transmission, well-circumscribed 
borders, thin-edge shadows, and thin, echogenic walls. They are 
benign (BIRADS 2) and require no aspiration or follow-up.

TABLE 20-4. CHARACTERIZATION OF 1375 SOLID NODULES INTO BIRADS CATEGORIES*

BIRADS  
CATEGORY

NO. OF NODULES 
BIOPSIED

NO. OF MALIGNANT 
NODULES

EXPECTED RISK 
OF CANCER

ACTUAL RISK 
OF CANCER

2 17 0 0% 0%
3 271 1 <2% 0.7%
4a 558 64 3%-49% 12%
4b 217 133 50%-89% 61%
5 312 280 >90% 91%
totals 1375 478 20%-50% 35%

*All 1375 nodules have undergone biopsy.
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shape of the cyst into surrounding ducts (Fig. 20-42, A), 
or angular margins at the point of attachment. Mural 
nodules that are caused by PAM remain confined within 
the circular or round shape of the cyst in which they lie 
and do not disrupt the thin, echogenic outer cyst wall 
(Fig. 20-42, B).

Papillomas and intracystic carcinomas are generally 
vascular and tend to develop easily demonstrable and 
prominent vascular stalks (Fig. 20-43, A), whereas mural 
nodules and thick internal septations caused by florid 
PAM rarely develop vascular stalks (Fig. 20-43, B). Pap-
illomas and intracystic carcinomas frequently undergo 
hemorrhagic infarction that can obscure vascularity. 
Most benign intracystic papillomas have a single feeding 
vessel, whereas malignant intracystic papillary lesions 
tend to incite the formation of multiple feeding vessels 
(Fig. 20-43, B). Clustered complex microcysts most fre-
quently merely represent FCC and apocrine metaplasia 
(Fig. 20-44, A), but high-nuclear-grade micropapillary 
DCIS can also appear as complex clustered microcysts 
(Fig. 20-44, B). The gray-scale appearances of microcysts 
caused by apocrine metaplasia and micropapillary DCIS, 
unfortunately, are virtually indistinguishable. However, 
clustered microcysts caused by micropapillary DCIS are 
usually vascular on color Doppler sonography, whereas 
microcysts caused by apocrine metaplasia, like mural 
nodules caused by apocrine metaplasia, are usually avas-
cular on color Doppler ultrasound assessment. A positive 

is inwardly directed, into the fibrovascular stalk of the 
lesion. It does not affect the surface characteristics and 
shape necessary for sonographic characterization of solid 
nodules, making the findings used for solid nodules less 
effective for cysts. Any intracystic papillary lesion should 
be characterized as BIRADS 4a or higher and undergo 
histologic evaluation. Acutely inflamed or infected cysts 
can be characterized as BIRADS 3 and can undergo 
ultrasound-guided aspiration. The aspirated fluid should 
be sent for Gram stain and culture, but generally not for 
cytology.

Findings that are suspicious for true intracystic papil-
lary lesions include thick isoechoic septations, certain 
mural nodules, a Doppler-demonstrable vascular stalk 
within a thick septation, and clustered complex micro-
cysts. Thick, isoechoic septations are suspicious for 
intracystic papilloma or intracystic carcinoma (Fig. 
20-41, A), whereas thin echogenic septations merely rep-
resent fibrocystic change and the intact walls between 
multiple ductules with severe cystic dilation within an 
individual TDLU (Fig. 20-41, B). Most mural nodules 
are caused by papillary apocrine metaplasia (PAM), 
which is part of the benign FCC spectrum, or they are 
pseudonodules caused by tumefactive sludge or lipid 
layers rather than papillomas or intracystic papillary car-
cinomas. Suspicious mural nodules demonstrate loss  
of the thin echogenic outer cyst wall along their points 
of attachment, extension beyond the circular or oval 
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FIGURE 20-41. Septations within cystic masses. A, Thick, isoechoic septations within complex cysts are suspicious for 
intracystic papilloma or intracystic papillary carcinoma. B, Thin, echogenic septations within complex cysts are not suspicious. Such septa-
tions represent residual walls of cystically dilated acini within a single TDLU and can be thought of as clusters of simple cysts.
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A B

FIGURE 20-42. Complex cysts with mural nodules. A, Mural nodules that protrude beyond a circular or elliptical shape 
(arrowheads), lack a thin echogenic capsule at the point of attachment to the cyst wall, are angular at the point of attachment, or extend 
into surrounding ducts (arrows) are suspicious for intracystic papilloma or intracystic papillary carcinoma. B, Mural nodules that are caused 
by papillary apocrine metaplasia (PAM) remain confined within the circular or elliptical shape of the cyst. The thin, echogenic outer wall 
of the cyst is intact all along the attached surface of the mural nodule (arrows).

A B

FIGURE 20-43. Use of color Doppler ultrasound for mural nodules. A, Mural nodules caused by papilloma or papillary 
carcinoma frequently have very prominent vascular stalks. Mural nodules caused by intracystic carcinoma, as in this case, tend to be fed 
by multiple vessels, whereas benign papillomas tend to be fed by a single vessel. B, Mural nodules caused by PAM rarely develop a fibro-
vascular stalk with demonstrable flow on color Doppler ultrasound.



808  PART III ■ Small Parts, Carotid Artery, and Peripheral Vessel Sonography

or tenderness of the thickened wall because cysts  
with fibrotic walls represent the healed phase of acute 
inflammation.

These findings indicate acute inflammation, which is 
common in FCC, but do not necessarily indicate infec-
tion. Even after aspirating pus under ultrasound guid-
ance, the clinician cannot determine whether the cyst is 
infected or merely inflamed. This requires Gram stain 
and culture.

The fluid and debris within acutely inflamed cysts 
usually can be completely aspirated, but the residually 
thickened cyst wall will persist. If the cyst was not 
infected, usually the fluid and debris do not reaccumu-
late, and the residually thickened wall gradually resolves 
over a few days. A short-interval follow-up in 10 to 14 
days may be done to document resolution.

Because the sonographic appearances of acute inflam-
mation are so characteristic and do not raise questions 
about neoplasm, we usually do not perform cytologic 
evaluation of the aspirated cyst fluid. Rather, we obtain 
Gram stain and culture and for most patients provide  
a 72-hour antibiotic coverage for Staphylococcus while 
awaiting culture results.

Benign (BIRADS 2) Cysts

Only when there are no findings suspicious for true 
intracystic papillary lesions or acute inflammation do we 

Doppler ultrasound assessment is always a better positive 
predictor than a negative Doppler ultrasound assessment 
is a negative predictor. If even one of these suspicious 
findings is present, the cystic lesion should be character-
ized as BIRADS 4a or higher and should be evaluated 
histologically (Fig. 20-45).

Inflammation and Infection

The findings that are suspicious for acute inflammation 
or infection are (1) uniform isoechoic thickening of the 
cyst wall, (2) fluid-debris levels (tumefactive sludge or 
layered pus), and (3) inflammatory hyperemia of cyst 
wall and surrounding tissues. Usually, all three findings 
coexist (Fig. 20-46, A). Uniform isoechoic thickening is 
typical of inflammation, not tumor, so this finding does 
not raise much concern about malignancy. Debris levels 
can be shown to shift to the dependent portion of the 
complex cyst when the patient is placed in lateral  
decubitus or upright positions (Fig. 20-46, B and C ). 
However, tumefactive sludge may be so viscous that it 
requires 5 minutes or more to shift to the new dependent 
position. The hyperemic vessels in the wall of inflamed 
cysts course in a direction parallel to the cyst wall, in 
contrast to vessels that feed intracystic malignancies, 
which tend to course perpendicular to the cyst wall. 
Uniform wall thickening may be seen in cysts with 
fibrotic walls, but in such cases, there is no hyperemia  
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FIGURE 20-44. Microcysts. Complex clustered microcysts can represent A, fibrocystic change, where the microcysts are caused by 
PAM, or B, neoplasm, where the microcysts represent ducts distended with secretions and micropapillary DCIS. Unfortunately, the gray-
scale appearances of fibrocystic change (FCC) and DCIS may be indistinguishable. C, However, complex clustered microcysts caused by 
micropapillary DCIS frequently show internal blood flow on color or power Doppler ultrasound, whereas clustered microcysts caused by 
PAM, as with mural nodules caused by PAM, rarely have demonstrable internal flow.
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Cysts can contain particles suspended in fluid that are 
so light that they can be moved by the energy of the 
B-mode imaging or color or power Doppler ultrasound 
beam. Such particles are subcellular in size and are often 
seen with uncomplicated FCC. Generally, high-transmit 
power settings are necessary to cause such particles to 
move during real-time B-mode imaging. However,  
the energy of the color or power Doppler ultrasound  
beam is high enough to cause these particles to move at 
even default low-power settings, creating what has been 

look for “definitively benign” (BIRADS 2) findings. 
Many types of nonsimple cysts can be characterized as 
BIRADS 2, and these generally would be classified as 
complicated cysts rather than complex cysts in the ACR 
BIRADS ultrasound lexicon. Cysts that can be character-
ized as BIRADS 2 include (1) cysts with mobile choles-
terol crystals, (2) cysts with milk of calcium, (3) cysts 
with fat-fluid levels, (4) lipid cysts, (5) cysts with calcified 
walls, (6) cysts with thin echogenic septations, and  
(7) cysts of skin origin.
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FIGURE 20-45. Ultrasound-guided vacuum-assisted needle biopsy of suspicious complex cyst. Fluid cytology 
is inadequate for evaluating complex cysts, so histology is necessary. Ultrasound-guided, vacuum-assisted biopsy with marker deployment 
is our preferred method. A, Standard radial view of a complex cyst nearly filled by a bilobed mural nodule. B, Three-dimensional maximum-
intensity projection (MIP) image of the complex cyst. C, Aperture of the vacuum needle is positioned under the lesion. D, The lesion 
has been removed, and echogenic air-impregnated pellets that contain a metallic clip have been placed. Histology showed an intracystic 
papilloma with atypical duct hyperplasia.
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mography in demonstrating milk of calcium. Mammog-
raphy requires dozens of small calcifications before the 
classic “teacup” appearance can be shown on horizontal 
beam films, whereas sonography can definitively demon-
strate milk of calcium even with only a single mobile 
calculus in a cyst (Fig. 20-49). Thus, although less sensi-
tive than mammography for calcifications, sonography 
can be more specific than mammography for milk of 
calcium. This is particularly true in cases where mam-
mography shows a nonspecific cluster of punctate micro-
calcifications that might require biopsy, but sonography 
shows benign clustered microcysts, each containing one 
or more tiny calculi (Fig. 20-50).

Fat-fluid levels within cysts are definitively benign 
mammographic findings that have been directly applied 
to ultrasound. Fat-fluid levels are rarely demonstrated on 
mammography, and usually only within classic galacto-
celes, but are much more frequently demonstrated by 
sonography. The lipid layer appears echogenic compared 

termed “color streaking.” Particles are forced posteriorly 
by the energy of the Doppler ultrasound beam, creating 
vertically oriented color streaks within the cyst as they 
move (Fig. 20-47). The particles that cause color streak-
ing appear to be cholesterol crystals, which can be seen 
on cytologic evaluation as birefractive crystals when 
viewed with polarized light.

Milk of calcium is a BIRADS 2 mammographic 
finding that has been directly applied to sonography. 
Milk of calcium is a collection of tiny calculi within the 
lumen of a cyst. Such calculi are very common in benign 
FCC and can be demonstrated definitively on horizontal 
beam mammographic films. Sonography can prove the 
presence of milk of calcium by demonstrating that the 
calcifications move within the cyst to new dependent 
positions created by lateral decubitus or upright posi-
tioning of the patient (Fig. 20-48). Although mammog-
raphy can generally show smaller and more numerous 
calcifications, sonography has one advantage over mam-
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FIGURE 20-46. Inflamed or infected cyst. A, Acutely inflamed or infected cysts demonstrate three findings: (1) abnormal 
uniform isoechoic wall thickening (between arrows), (2) dependent debris (asterisk), and (3) hyperemia of the thickened wall. B, Supine, 
and C, upright, images show the debris (asterisk), resembling sludge within a gallbladder, shifting to the dependent part of the cyst when 
the position of the patient is changed from supine to upright or lateral decubitus positions. Note the change in the position of the interface 
between the nondependent fluid and the dependent debris or pus (between arrows).
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FIGURE 20-47. Cyst with scintillating echoes and color streaking. A, This complicated cyst contains floating punctate 
echoes that move posteriorly while being scanned, creating a scintillating appearance on gray-scale sonography. B, Power Doppler ultra-
sound pushes the echoes posteriorly faster and with more energy than does the gray-scale beam. The echoes move fast enough that color 
persistence creates the appearance of “color streaking,” an artifact that should not be confused with blood flow.
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FIGURE 20-48. Milk of calcium. Milk of calcium is actually a dependent layer of tiny calculi (between arrows) within a breast cyst 
that moves when the patient changes position. A, The calculi lie along the dependent posterior wall in the supine position. B, The calculi 
fall to the dependent inferior position when the patient is in the upright position and scanned in the longitudinal plane.
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sludge, lipid layers tend to shift very slowly within a cyst 
when the patient’s position is changed, requiring up to 
5 minutes to document the shift of a fat-fluid level. 
During the shift in position, the shape of the interface 
between the lipid and fluid layers changes and is usually 

to cyst fluid and floats on the fluid in the nondependent 
portion of the cyst. The lipid layer can be forced to move 
within the cyst to a new nondependent position by 
changing the patient’s position from supine to lateral 
decubitus or upright (Fig. 20-51). As with tumefactive 

Supine Upright
A B

FIGURE 20-49. Milk of calcium presenting as single calculus within cyst. A, Sonogram shows a single stone (arrow) 
lying on the posterior wall of cyst in the supine position. B, Stone falls to the dependent inferior wall of the cyst (arrow) when the patient 
is upright and the cyst is scanned in the longitudinal plane.
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FIGURE 20-50. Milk of calcium within clustered microcysts. A, Mammogram shows a nonspecific cluster of punctate 
and granular calcifications. B, Sonography shows a cluster of microcysts (avascular on color Doppler), many of which contain single 
dependent calculi, that is definitively benign.
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are avascular. Nevertheless, lipid cysts frequently appear 
more worrisome sonographically than on spot compres-
sion mammograms. Thus, when sonographic and mam-
mographic findings are discordant, we rely more on the 
mammographic findings in this subset of patients, unless 
color Doppler ultrasound shows internal vascularity.

Eggshell calcifications are benign findings that have 
been applied directly to sonography. In general, eggshell 
calcifications are so definitively benign on mammogra-
phy that they do not require sonographic assessment 
(Fig. 20-54, A and B). Occasionally they will be seen on 
sonography in a patient who has not had mammography 
or for whom the mammograms are not available. Punc-
tate calcifications that occur within the normal thin, 
echogenic cyst wall represent incomplete eggshell calci-
fications and therefore can also be considered to be 
BIRADS 2 sonographic findings (Fig. 20-54, C ). In such 
cases the sonographic findings are more definitively 
benign than the mammographic findings. Calcifications 
that are suspended within the lumen of a cyst cannot be 
characterized as BIRADS 2. In most cases they occur 
with PAM) but can also occur in DCIS (Fig. 20-54, D).

Clustered macrocysts are identical to thinly septated 
cysts (see Fig. 20-41, B). The septations actually repre-
sent the residual walls of individual, cystically dilated 
ductules within an individual TDLU. Each cystically 

obliquely oriented with respect to the tabletop and has 
a sigmoid shape. The oblique orientation of the interface 
in combination with the sigmoid shape is characteristic 
of a fat-fluid level in the process of equilibrating to a new 
position and may represent a shortcut to waiting 5 
minutes for the fat-fluid level to shift. Power Doppler 
ultrasound fremitus can also be used to distinguish a 
mural nodule from a fat-fluid level. The lipid layer is not 
attached to the cyst wall, so the fremitus artifact will not 
pass through it. On the other hand, true papillary lesions 
that are attached to the cyst wall will vibrate and transmit 
the fremitus artifact on power Doppler; having the 
patient hum in a deep voice creates an orange artifact on 
power Doppler ultrasound (Fig. 20-52).

Lipid cysts or oil cysts are definitively benign mam-
mographic findings that can be applied directly to ultra-
sound. Unfortunately, lipid cysts usually appear more 
definitively benign on mammography than sonography. 
Most lipid cysts lack enhanced sound transmission, and 
most have some suspicious features on sonography, such 
as (1) mural nodules; (2) thick septations; (3) thick walls; 
and (4) fluid debris levels (Fig. 20-53). This should not 
be surprising because most lipid cysts originate in chronic 
seromas/hematomas, which often manifest such find-
ings. The suspicious sonographic findings in lipid cysts, 
unlike those in cysts containing true papillary lesions,  

Supine Upright
LT  300    1B  long
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FIGURE 20-51. Fat-fluid level. The lipid layer is echogenic compared with cyst fluid and moves within the cyst to its nondependent 
part when the patient changes position. A, The echogenic lipid layer (asterisk) floats to the nondependent anterior wall of the cyst, and 
the interface is oriented horizontally when the patient is scanned in the supine position. B, The echogenic lipid layer (asterisk) has floated 
to the new nondependent superior wall, and the interface is oriented vertically when the patient is in the supine position and the cyst is 
scanned longitudinally.
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FIGURE 20-52. Acorn cysts of two different types. A, Sonogram shows two cysts that have crescentic echogenic thickening 
along the anterior wall, resembling the caps on acorns. The echogenic material in the left acorn cyst (#) is floating lipid debris, whereas 
the echogenic material along the anterior wall of the right acorn cyst (asterisk) is papillary apocrine metaplasia (PAM). Unfortunately, 
the distinction cannot be made from a single image obtained in the supine position. Changing position can help but often takes 5 minutes; 
with power Doppler vocal fremitus, the distinction can be made virtually instantly. Having the patient hum in a deep voice creates an 
orange artifact on power Doppler in normal breast tissues and within any mural nodules or thick septations that are attached to the wall 
of the cyst, but not within unattached debris. B, Power Doppler ultrasound image shows that the vocal fremitus artifact does not fill 
the echoes caused by the unattached debris level in the left acorn cyst (#) but does fill the attached echogenic PAM (asterisk) within the 
right acorn cyst.

A B

FIGURE 20-53. Lipid cyst. Mammographic spot compression views can more accurately characterize lipid cysts than sonography. 
On ultrasound images, A, lesions that appear to be classic benign lipid cysts on mammography often have suspicious features, such as 
B, thick irregular wall, thick isoechoic septations, and mural nodules. These sonographically suspicious features are typical of chronic 
hematomas, from which most lipid cysts arise.
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filled with low-level echoes (Fig. 20-56, A). Other names 
include gel cysts and inspissated cysts. In fact, the sono-
graphic foam cyst appearance can actually represent a 
spectrum of lesions, from those completely filled with 
PAM to those that contain only echogenic proteinaceous 
debris or lipid material. Other foam cysts may contain 
mixtures of PAM and proteinaceous or fatty debris. Such 
lesions have sonographic features that overlap with those 
of fibroadenomas, and in about 3% of cases, determining 
with certainty whether the lesion is cystic or solid may 
not be possible. In these patients, the clinician either 
must assume that the lesion is a solid nodule and char-
acterize it or must attempt to aspirate it. When assumed 
to be solid nodules, these lesions usually have character-
istics that allow them to be characterized as BIRADS 3. 
Aspiration may be attempted, but it cannot be deter-
mined in advance whether the cyst can be aspirated. 
When the internal echoes are all caused by PAM, the 
lesion cannot be aspirated. When the lesion is filled with 
proteinaceous or fatty debris, it can be completely aspi-
rated. If partially filled with PAM, the lesion will be only 
partially aspirated. Cytologic evaluation of aspirate of 
such lesions often shows clusters of apocrine cells diag-
nostic of benign FCC.

Acorn cysts have either a mural nodule or a crescen-
tic, eccentrically thickened wall caused by PAM that 
does not completely fill the cyst (Fig. 20-56, B). Unlike 

dilated ductule can be thought of as a simple cyst; a 
thinly septated cyst is actually a cluster of simple cysts, 
each having BIRADS 2 characteristics.

Cysts of skin origin are benign and usually represent 
sebaceous cysts or epidermal inclusion cysts. Seba-
ceous cysts have three typical appearances: (1) a complex 
or solid-appearing lesion that lies entirely within the skin 
(Fig. 20-55, A); (2) a complex cyst that lies mainly 
within the subcutaneous tissues but has clawlike hyper-
echoic skin wrapped around it (Fig. 20-55, B); and 
(3) a lesion that lies entirely within the subcutaneous fat 
but has an associated, abnormally hypoechoic, thickened 
inflamed gland neck that courses through the skin (Fig. 
20-55, C). The gland neck is obliquely oriented and is 
often better demonstrated by heeling or toeing the trans-
ducer to change the angle of incidence. Because cysts of 
skin origin are so superficial in location that they are 
subject to severe volume-averaging artifact, optimal 
demonstration of one of these three patterns usually 
requires that an acoustic standoff be used.

Foam and Acorn Cysts

If BIRADS 2 findings cannot be demonstrated, one  
of two BIRADS 3 appearances can be sought: (1) the 
“foam cyst” appearance or (2) the “acorn cyst” appear-
ance. Foam cysts are cysts whose lumens are completely 

A BDC

FIGURE 20-54. Eggshell calcification. A, Eggshell calcifications are mammographic findings that are definitively benign. 
B, Dense eggshell calcifications cause acoustic shadowing on ultrasound. C, Punctate calcifications confined to the thin echogenic cysts 
walls can be thought of as incomplete eggshell calcifications and therefore are benign. D, Nondependent and nonmobile punctate calcifica-
tions within the interior of the cyst are nonspecific and can be associated with PAM or DCIS.
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FIGURE 20-55. Benign sebaceous skin cysts. A, Sebaceous cyst is entirely within the skin (caliper markers). B, Cyst is primarily 
within the subcutaneous fat, but a thin “claw sign” of echogenic skin (arrows) can be shown to wrap around the cyst, confirming that it 
originates within the skin. C, Cyst is entirely within the subcutaneous fat, but a dilated and obstructed gland neck can be seen coursing 
obliquely through the skin (arrowhead). A standoff of acoustic gel is necessary to see these lesions. To show the obliquely oriented hair 
follicle, heeling or toeing of the transducer may be necessary.
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FIGURE 20-56. Foam and acorn cysts. A, Foam cysts are filled with diffuse low-level echoes and can be difficult to distinguish 
from solid nodules. Foam cysts have also been called inspissated cysts, gel cysts, and mucoceles. B, Acorn cysts have an echogenic 
concave rim of papillary apocrine metaplasia (PAM) that appears similar to the cap on an acorn. Unlike similar-appearing lipid layers 
within cysts that have fat-fluid levels, the position of the PAM does not change from the supine (C) to the upright (D) or left lateral 
decubitus positions. E, Color Doppler ultrasound image shows that, unlike intracystic papillomas or carcinomas, PAM rarely has a demon-
strable vascular stalk.
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the echogenic crescent within cysts that contain fat-fluid 
levels, the echogenic crescent caused by PAM does not 
shift within the cyst when the patient changes position, 
regardless of duration (Fig. 20-56, C and D). In these 
cases the normal, thin, echogenic outer cyst wall is pre-
served along the entire thickened wall, and there is no 
vascular stalk (Fig. 20-56, E).

Acorn cysts and foam cysts that are characterized as 
BIRADS 3 should undergo short-interval follow-up. If 
it cannot be determined whether a lesion is cystic or 
solid, and if it can be characterized as BIRADS 3, the 
patient should be offered the options of attempted aspi-
ration, biopsy, or short-interval follow-up. Unfortu-
nately, if one of these lesions cannot be completely 
aspirated, one should proceed with DVAB and deploy-
ment of a marker. If a complex cyst cannot be character-
ized as BIRADS 2 or 3, it must be characterized as 
BIRADS 4a and evaluated histologically. The algorithm 
for complex cysts is necessarily elaborate because of their 
wide histopathologic variability.

NICHE APPLICATIONS  
FOR BREAST ULTRASOUND

There are several niche indications for breast ultrasound 
that occur much less frequently than palpable and mam-
mographic abnormalities. These include assessment of 
nipple discharge, mastitis, implants, and regional lymph 
nodes, as well as correlation with contrast-enhanced 
breast magnetic resonance imaging (MRI), so-called 
second-look ultrasound after MRI. Assessment of regional 
lymph nodes and MRI correlation are the newest and 
fastest-growing niche applications.

Nipple Discharge

Nipple discharge is an important niche application for 
breast ultrasound. Nipple discharge can be caused by 
large duct papillomas, carcinoma, duct ectasia, benign 
fibrocystic change with communicating cysts, and hyper-
prolactinemia. In some cases the discharge is idiopathic.

Galactography is still considered the procedure of 
choice for evaluating nipple discharge, but the role of 
ultrasound has expanded, primarily because ultrasound-
guided DVAB is such an effective way to diagnose and 
remove papillomas. Sonography is used when galactog-
raphy fails technically or the patient’s intermittent dis-
charge has stopped. Ultrasound can also be used with 
galactography and in some cases can obviate both diag-
nostic and localizing galactography and surgery. Even 
when an intraductal papillary lesion is demonstrated by 
galactography, ultrasound is required because it is much 
more practical to perform ultrasound-guided DVAB of 
an intraductal papillary lesion than stereotactic biopsy 
with galactographic demonstration of the affected duct 
and lesion. Additionally, sonography can be justified  

for evaluation of low-risk nipple discharge, whereas 
galactography should be reserved for high-risk discharge. 
High-risk discharge is unilateral, spontaneous, from a 
single duct orifice, and clear, serous, serosanguineous, or 
frankly bloody. Discharge is considered high risk because 
it is often caused by papillomas or carcinoma. Galactog-
raphy is practical because only a single duct system needs 
to be evaluated. Low-risk discharge is bilateral, from 
multiple duct orifices, is expressible rather than sponta-
neous, and is milky or greenish in color. It is considered 
low risk because it is usually caused by fibrocystic change 
or duct ectasia. It is not practical to perform galactogra-
phy on multiple duct systems in the same side, which 
would be necessary for many cases of low-risk-secretions; 
however, it is possible to evaluate all the ductal systems 
in a breast with ultrasound. Furthermore, in my experi-
ence, even low-risk secretions can also be caused by 
intraductal papillary lesions, which sonography can 
readily demonstrate.

Most intraductal papillary lesions that cause nipple 
discharge lie within the large mammary ducts under or 
near the areola. Such ducts are readily demonstrated on 
sonography if appropriate scan planes and maneuvers are 
used, especially when the ducts are distended with secre-
tions. The central ducts are generally radially oriented, 
so radial scans are essential to demonstrate the ducts 
optimally in their long axis. Warm room temperature, 
warm acoustic gel, and special maneuvers, such as the 
two-handed compression maneuver and the rolled nipple 
technique, help minimize shadowing that can arise in the 
nipple and areola.

Large duct papillomas appear to be isoechoic nodules 
(less echogenic than the duct wall) within ectatic fluid-
filled ducts. The appearance of papillomas varies with  
the degree and distribution of duct dilation, with the 
diameter and length of the lesion, and with involvement 
of branch ducts and TDLUs. Small, ovoid lesions less 
than 1 cm in length that do not expand the duct lumen 
are benign in more than 98% of cases and qualify for 
BIRADS 3 characterization (Fig. 20-57). However, 
because they cause an offensive discharge, papillomas are 
usually removed at the patient’s request, even when clas-
sified as probably benign. Intraductal papillary lesions 
that expand the duct to a greater degree than the associ-
ated duct ectasia, that are longer than 1.5 cm, or that 
involve branch ducts have a greater than 2% risk of being 
malignant and should be characterized as BIRADS 4a or 
higher (Fig. 20-58). Papillary lesions that affect TDLUs 
are, by definition, peripheral papillomas, regardless of 
their distance from the nipple. Peripheral papillomas are 
at much higher risk than large duct papillomas. Any 
papillary lesion that arises from or involves a TDLU must 
be considered at least “mildly suspicious” and should be 
characterized as BIRADS 4a or higher and biopsied.

Sonography can show causes of nipple discharge other 
than large duct papilloma, such as carcinoma, duct 
ectasia, communicating cysts, and hyperprolactinemia 
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(Fig. 20-59). Galactography is probably superior to 
sonography for demonstrating causes of nipple discharge 
other than papilloma. Our current practice is to schedule 
patients who present with nipple discharge for both 
sonography and galactography.

When ultrasound-guided DVAB is used to biopsy 
intraductal papillary lesions, a marker is deployed to 
facilitate image-guided excisional biopsy should the his-
tology be atypical or malignant. In 90% of patients in 
whom all imaging evidence of the lesion is removed, the 
nipple discharge stops for at least 2 years.

Infection

The main uses of sonography in patients who present 
with mastitis is to determine whether there is an abscess, 
to determine its maturity and whether or not it is  
multiloculated, and to guide aspiration of, or drain 
placement into, the abscess in appropriate cases. The 
appearance of abscesses varies, depending on whether the 
mastitis is puerperal or nonpuerperal and whether it is 
centrally or peripherally located. Peripheral abscesses in 
puerperal mastitis usually arise in preexisting galactoceles 
(Fig. 20-60) whereas peripheral abscesses in nonpuer-
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FIGURE 20-58. High-risk intraductal papillary lesions. Intraductal papillary lesions that have greater than a 2% risk of 
being malignant and that should be characterized as BIRADS 4 and undergo biopsy include A, lesions that expand the duct or breach 
(arrows) its wall; B, lesions that are longer than 1.5 cm; C, lesions that involve multiple peripheral branch ducts (arrows), or D, lesions 
that involve TDLUs (asterisk) (peripheral papillomas).
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FIGURE 20-57. Intraductal papillary lesion. A, Small, 
ovoid intraductal papillary lesions that do not expand the duct 
represent benign large duct papillomas in more than 98% of  
cases. B, Even small intraductal papillomas typically have a readily 
demon strable vascular stalk.
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FIGURE 20-59. Lesions other than papillomas that cause nipple discharge. Duct ectasia usually involves one lobar 
ductal system at a time. A, Early in its course, only a single duct might be involved. B, Over time, additional lobar ducts can become 
involved, leading to multiple dilated ducts. When all the ducts are severely involved, one must consider hyperprolactinemia as an underly-
ing factor. C, Communicating cysts. D, Confirmation that the cyst truly communicates with the ductal system can be made by showing 
a “color-swoosh” with the communicating duct when the cyst undergoes ballottement with the transducer. E, Pure ductal carcinoma in 
situ (DCIS) and invasive duct carcinomas that have DCIS components can also give rise to nipple discharge.

Tender/redness site

Nursing x 7 wks

FIGURE 20-60. Peripheral puerperal abscess. Often 
arising within preexisting galactoceles, peripheral puerperal ab-
scesses (caliper markers) have very irregular walls and mixtures of 
fluid and echogenic debris.

abscesses can be treated with ultrasound-guided aspira-
tions as needed. Loculated abscesses may require place-
ment of a drain or surgical drainage. In some cases, 
sonography may be used to determine if there is an 
underlying inflammatory carcinoma.

Implants

Magnetic resonance imaging is generally considered the 
modality of choice for evaluating mammary implants. 
However, most patients with implants at risk for rupture 
are within the mammographic screening cohort. Patients 
with implants present with palpable lumps and mam-
mographic densities that require sonographic evaluation 
much more often than they present for MR evaluation 
of their implants. Thus, sonographers must understand 
the wide variations of normal in implants and must be 
able to identify intracapsular and extracapsular rupture, 
silicone granulomas, herniation, and capsular infection.

Sonography allows identification of the type of 
implant, its implantation site, and many associated  
complications. The capsule that surrounds the implant 
is fibrous and is a normal foreign body reaction to  
the implant. The capsule is abnormal only when (1) it 

peral mastitis often arise within inflamed cysts. Central 
abscesses, whether arising from puerperal or nonpuer-
peral mastitis (Fig. 20-61), usually result from rupture 
of an inflamed or infected duct and tend to be elongated 
in a plane that is parallel to the inflamed duct. Unilocular 
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Normal implants can give rise to palpable abnormali-
ties in certain cases. Radial folds may be palpable when 
the patient is in certain positions. It is important to  
scan the patient when she is in the position where she 
feels the lump, because radial folds are dynamic and 
frequently present only in certain positions, usually 
upright. Only anteriorly located radial folds will be pal-
pable (Fig. 20-62, A). Radial folds on the posterior 
surface of the implant are almost never palpable. In 
patients with saline implants, the fill valve can cause 
palpable abnormalities. Fill valves are generally placed 
behind the nipple. In certain cases, however, the valve 
may not be placed directly behind the nipple, or the 
implant may have rotated after placement. In such cases 
the valve may be palpable if overlying breast tissue is 
minimal. In other cases, valves become palpable years 
after the implant is placed because of eversion of the 
valve (Fig. 20-62, B). Eversion is most likely to occur in 
implants that are under chronic pressure resulting from 
capsular contracture.

In intracapsular rupture the shell develops a tear 
through which silicone gel extravasates into the space 
between the shell and the capsule; the capsule remains 
intact. The classic findings of intracapsular rupture are 
the stepladder sign (“linguini” sign in MRI literature) 
and abnormally increased echogenicity in the extrava-
sated gel that lies within the intracapsular extrashell space 
(Fig. 20-63). Unfortunately, these signs have low sensi-
tivity for intracapsular rupture because they are only 
present in cases where nearly all the silicone gel has 
extravasated from the shell and the shell is completely 

becomes too thick and causes capsular contracture, (2) 
it develops a tear through which the implant can herni-
ate, or (3) it becomes inflamed or infected. The implant 
is filled with saline or silicone gel and is surrounded by 
a silicone elastomer shell. The shell, a part of the implant, 
must be distinguished from the capsule, which is living 
tissue formed by the patient in response to the implant.

A B RT LTC

FIGURE 20-62. Palpable implant components. A, Anterior radial folds can cause palpable abnormalities; these folds often 
feel “crinkly.” B, Single-lumen saline implants have fill valves. In some cases, particularly with capsular contracture, increased pressure 
within the implant may cause the valve, which is normally flush with the outer surface of the implant shell (RT, dotted line), to evert and 
become palpable (LT).

N
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FIGURE 20-61. Central periareolar abscess. Whether 
puerperal or nonpuerperal, central periareolar abscesses (caliper 
markers) usually arise when an inflamed or infected duct ruptures, 
spilling its contents into the periductal tissues; n, nipple.
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but a very short separation when the fold is imaged 
perpendicular to the long axis (Fig. 20-64, B). Intracap-
sular ruptures are 2-D, showing long, capsular-shell sepa-
rations in both views (Fig. 20-64, A).

In extracapsular rupture there is a tear in the capsule 
as well as in the shell, and silicone gel extravasates into 
the breast tissues outside the capsule. By definition, all 
cases of extracapsular rupture must be preceded by intra-
capsular rupture, although in many cases the intracapsu-
lar component is difficult to demonstrate sonographically. 
Extracapsular rupture indicates that silicone gel has 
extravasated not only from the implant shell, but also 
through the capsule into surrounding tissues. The classic 
finding is the silicone granuloma with a “snowstorm” 
appearance. Such granulomas are markedly hyperechoic 
and well circumscribed anteriorly but have an incoher-
ent, “dirty” shadow posteriorly. Silicone granulomas can 
occur superficial to implants (Fig. 20-65, A), but they 
most often occur at the edges of the implant, where the 
shell is thinnest and where fatigue fractures are more 
likely to occur (Fig. 20-65, B). In certain cases, extrava-
sated silicone gel forms a thin sheet over the outer surface 
of the implant rather than a discrete mass (Fig. 20-65, 
C ). In other cases, extravasated silicone gel can migrate 

collapsed. In cases of intracapsular rupture, lesser degrees 
of collapse merely lead to abnormal, sheetlike separation 
of the shell inwardly away from the capsule (Fig. 20-64, 
A). There is a continuous spectrum of intracapsular col-
lapse from involvement of a single radial fold to com-
plete collapse. Radial folds are quite dynamic, forming 
when the patient is in one position, then disappearing 
when the patient assumes another position; the apex of 
radial folds therefore is prone to fatigue fractures. Because 
radial folds normally contain anechoic peri-implant  
effusion that is identical to silicone gel in echogenicity, 
for any individual radial fold, it is impossible to know 
whether the fluid within the fold is normal effusion or 
extravasated silicone gel from a fatigue fracture at the 
apex of the fold, unless the extravasated gel within the 
fold becomes hyperechoic (Fig. 20-64, B). Radial folds 
should be considered normal unless they contain hyper-
echoic contents (snowstorm appearance). Intracapsular 
ruptures with only minimal collapse can be distinguished 
from radial folds by shape that can be evaluated with 
orthogonal views that are oriented parallel and perpen-
dicular to the long axis of the fold. Radial folds are one-
dimensional (1-D), showing a long separation between 
the capsule and shell parallel to the long axis of the fold, 
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FIGURE 20-63. Breast implant rupture. A, Classic findings of intracapsular rupture of a single-lumen silicone gel implant are 
the “stepladder sign” (arrows) and hyperechoic silicone gel (asterisk) in the right breast. Several linear, horizontally oriented echoes represent 
folds in a collapsed shell. Several of these are double echogenic lines that represent the inner and outer surfaces of each fold of the  
shell (arrows). The extravasated gel that lies outside the implant shell has become hyperechoic (asterisk). Note that only a single echogenic 
line that represents the peri-implant capsule can be seen on the right (arrowhead). B, Normal left breast implant. Note that the superficial 
aspect of the unruptured left implant shows the double echogenic line (white arrowhead) of the shell at the anterior aspect of the 
silicone gel.
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can appear complex and cystic (Fig. 20-66, A). Over 
time, these may become solid appearing and isoechoic 
(Fig. 20-66, B). The classic snowstorm appearance devel-
ops late, after the solid, isoechoic phase. Very late in the 
history of a silicone granuloma, so much foreign body 
granuloma may develop that the lesion can become 
hypoechoic, causing architectural distortion and devel-
oping more intense acoustic shadowing—findings that 
simulate those of stellate breast malignant lesions (Fig. 
20-66, C). The sensitivity of ultrasound for extracapsular 
rupture will be enhanced if the sonographer can recog-
nize the entire spectrum of its sonographic appearances.

The presence of implants should not discourage nec-
essary ultrasound-guided procedures. With ultrasound 
guidance, an angle of approach that is almost parallel to 
the surface of the implant can be used. A large amount 
of local anesthetic can be injected between the lesion and 
the implant to “hydrodissect” the lesion away from the 
implant and create a safe working space.

It is important to remember that patients with 
implants are subject to the same disease processes as 

away from the edge of the implant to the axilla, chest 
wall, back, or abdominal wall (Fig. 20-65, D). Extra-
vasated silicone gel can be picked up and carried by 
lymphatic vessels into the axillary lymph nodes, where  
it accumulates from the medullary sinuses within the 
mediastinum of the lymph node outwardly. Early accu-
mulation of silicone gel within lymph nodes can be 
difficult to detect because the hyperechoic silicone gel 
has similar hyperechogenicity to the lymph node medi-
astinum, although gel in the lymph node hilum will 
cause a subtle, dirty-appearing shadow that will help to 
detect the silicone gel. As more silicone gel accumulates, 
the diagnosis of silicone gel accumulation within the 
lymph node becomes more obvious. When silicone gel 
fills the cortical sinusoids as well as the medullary sinu-
soids, the cortex of the lymph node becomes hyper-
echoic, and dirty shadowing arises from the entire lymph 
node (Fig. 20-65, E ).

Silicone granulomas have a spectrum of appearances. 
Not all present with the classic snowstorm appearance. 
Large, acute accumulations of extracapsular silicone gel 
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FIGURE 20-64. Breast implant partial rupture. In cases of intracapsular rupture, where collapse is incomplete, the classic 
stepladder sign may be absent. A, In partial collapse, there will be abnormal sheetlike separation between the capsule (arrow) and the shell 
(arrowhead). The extravasated gel that has extruded into the abnormal space between the capsule and the shell tends to become hyperechoic 
over time (asterisk). B, In many cases the earliest leakage of silicone gel arises from the apex of radial folds, where fatigue fractures of the 
shell are common. Radial folds are U shaped when viewed in short axis. Only if the fluid within the radial fold becomes hyperechoic 
(asterisk) can one be sure that the fold is the site of intracapsular rupture and not merely a variation of normal.
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FIGURE 20-65. Silicone granulomas: typical “snowstorm” appearance of extracapsular rupture. Silicone 
granulomas that manifest the snowstorm sign are hyperechoic and have a well-circumscribed superficial border and a posterior border 
obscured by “dirty” incoherent shadowing. A, Silicone granulomas can occur anterior to the implant. B, However, most occur along the 
edges of the implant, where the shell is thinner. C, Silicone granulomas can spread over the surface of the implant in a thin sheet rather 
than forming a discrete mass. D, Silicone granulomas can migrate away from the edge of the implant to lie on the chest or abdominal 
wall or in the axilla. E, Extravasated silicone can be carried by lymphatics to regional lymph nodes, where it fills the lymph nodes with 
hyperechoic gel, giving a snowstorm appearance, from the medulla outward, as with this Rotter node that lies between the pectoralis major 
and pectoralis minor muscles.

A LT  2  AR  3B  palpable B C

FIGURE 20-66. Silicone granulomas: less common appearances of extracapsular rupture. A, Large collections 
of acutely extravasated silicone gel can have a complex cystic appearance. B, Silicone granulomas of a few weeks to a few months’ duration 
can appear to be isoechoic solid nodules. These usually progress to the snowstorm appearance within months. C, Silicone granulomas that 
are many years old can develop so much foreign body reaction that they become intensely shadowing masses that simulate malignancy. 
Note also that, although most silicone granulomas result from extracapsular rupture, they can form between the capsule and the shell in 
certain patients, as in image B.
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entire mediastinum usually appears hyperechoic, but in 
older patients the hyperechoic mediastinum fills with fat 
and is compressed into a thin band just deep to the 
hypoechoic cortex (Fig. 20-67, B). The flow of lymph 
passes through afferent lymphatic channels, which enter 
the lymph node from the periphery. The lymph then 
passes, in order, through the subcapsular sinusoids, cor-
tical sinusoids, medullary sinusoids, and then out the 
efferent lymphatics, which exit through the hilum.

Many gray-scale criteria have evolved for evaluating 
lymph nodes; including size, shape, and echogenicity. 
Minimum diameters greater than 1 cm are considered 
abnormal. However, we have often seen morphologically 
abnormal metastatic lymph nodes with minimum diam-
eters less than 1 cm and normal atrophic lymph nodes 
with minimum diameters well over 1 cm. Thus, size is a 
poor criterion for metastasis. Metastatic lymph nodes 
tend to become abnormally round in shape, but unfor-
tunately this is a late finding. The morphologic finding 
of eccentric cortical thickening is much more sensitive 
than “rounding” of the lymph node. The cortex in some 
(not all) metastatic lymph nodes becomes abnormally 
hypoechoic. However, the lymph node cortex always 
appears hypoechoic when scanned with harmonics. We 
use harmonics in all cases because it makes the lymph 
node cortex more conspicuous and makes the lymph 
nodes easier to find and characterize. Thus, harmonics 
minimizes the usefulness of marked hypoechogenicity  
as a suspicious finding. Morphologic assessment of the 
lymph node is more effective than evaluating its size, 
shape, and echogenicity. Eccentric cortical thickening has 

patients without implants. Most patients are satisfied 
with their implants and experience no implant-related 
problems. The major problem for the sonographer is that 
the implants are distracting. One may spend so much 
time and effort assessing implants that one misses the 
real reason for presentation, a breast cancer. To reduce 
the risk of missing a breast carcinoma, it is important  
to evaluate breast tissues overlying the implant before 
turning attention to the implants.

Regional Lymph Node Assessment

The status of lymph nodes and the maximum diameter 
of breast carcinomas are two of the most important 
prognostic indicators for invasive breast carcinoma.  
The sentinel lymph node procedure has evolved into  
the method of choice for assessing lymph node status. 
However, ultrasound and ultrasound-guided biopsy can 
be very useful to assess regional lymph nodes in patients 
with suspicious breast nodules who are about to undergo 
ultrasound-guided biopsy of the breast lesion. This can 
be performed before lumpectomy to help determine 
whether to perform a sentinel lymph node procedure or 
to proceed straight to axillary dissection.

Normal lymph nodes have a sonographic appearance 
similar to miniature kidneys. They are oval shaped in  
the long axis, C shaped in the short axis, and flat in  
the AP dimension (Fig. 20-67, A). The cortex is hypo-
echoic; the medulla, which lies just deep to the cortex, 
is hyperechoic; and the fat within the mediastinum of 
the lymph node is isoechoic. In younger patients the 
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FIGURE 20-67. Lymph node: spectrum of normal appearances. A, In young patients the mediastinum of the lymph 
node tends to be uniformly hyperechoic because the medullary cords and sinuses fill the entire mediastinum (m). B, In older patients who 
have had repeated episodes of inflammation, the center of the mediastinum (m) becomes infiltrated with isoechoic fat, and the medulla 
(arrowhead) becomes compressed into a thin band just deep to the hypoechoic cortex (c).
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to obliterate the hilum much more frequently than 
inflammation (Fig. 20-68, E ). Lymph nodes that contain 
microcalcifications are metastatic, especially when the 
primary breast lesion presents with microcalcifications 
(Fig. 20-68, F ).

Lymph nodes that demonstrate mild to moderate, 
symmetrical cortical thickening of 3 mm or greater  
have a lower positive predictive value for metastasis and 
are more nonspecific than lymph nodes with clear-cut 
eccentric cortical thickening. These nodes can be reactive 
or metastatic; comparing to adjacent lymph nodes is the 
best way to determine whether a lymph node with sym-
metrical cortical thickening is a benign reactive node or 
a metastatic node. Unless there is obvious evidence of 
inflammation in the ipsilateral breast or upper extremity, 
reactive lymph nodes are usually reacting to a systemic 
stimulus; thus all the lymph nodes will be reactive. 
Usually, more than one axillary lymph node can be seen 
in the same field of view simply by rotating the trans-
ducer. If adjacent lymph nodes show both mild to  
moderate, symmetrical cortical thickening of near-equal 
degrees, the nodes are more likely reactive than meta-

a high positive predictive value. Lymph nodes that dem-
onstrate eccentric cortical thickening should be consid-
ered positive for metastasis. The biopsy should specifically 
target the area of the cortex that is focally thickened.

Metastases tend initially to implant within the sub-
capsular or cortical sinusoids and grow there, causing 
focal cortical thickening. Thus, the hallmark of lymph 
node metastases is cortical thickening. The pattern of 
thickening depends on where the metastases first implant. 
Metastases that implant near the center of the cortical 
sinusoids tend to widen the cortex focally and equally in 
inward and outward directions (Fig. 20-68, A). Metas-
tases that implant in the subcapsular sinusoids tend to 
bulge outwardly, creating a “mouse ear” configuration 
(Fig. 20-68, B). Metastases that implant toward the 
inner side of the cortical sinusoids tend to bulge into the 
lymph node mediastinum, creating “rat bite” defects in 
the hilum (Fig. 20-68, C ). When metastasis fills cortical 
sinusoids throughout the entire lymph node, the cortical 
thickening becomes uniform, an appearance that can be 
simulated by benign reactive lymph nodes (Fig. 20-68, 
D). Metastases cause severe enough cortical thickening 
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FIGURE 20-68. Hallmark of lymph node metastasis: spectrum of cortical thickening. A, Metastases that implant 
near the midcortical sinusoids tend to thicken the cortex focally and equally in inward and outward directions. B, Metastases that 
implant within the subcapsular sinusoids tend to cause focal, outwardly bulging cortical thickening (“mouse ear”). C, Metastases that 
implant toward the inner part of the cortical sinusoids cause focal cortical thickenings that bulge inwardly into the lymph node medias-
tinum (“rat bite” defect). D, Metastases that implant extensively throughout the cortical sinusoids can cause symmetrical cortical thickening 
indistinguishable from the cortical thickening caused by inflammation. E, Cortical thickening so severe that the hilum is obliterated is 
usually caused by metastasis and is strongly against the node being benign and reactive. F, Microcalcifications within a lymph node indicate 
metastasis until proved otherwise, especially if the primary breast lesion presents with microcalcifications.
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clavicular, lymph nodes (Fig. 20-71). Rotter lymph 
nodes lie between the pectoralis major and minor muscles 
and lie anterior to and at the same level as level 2 lymph 
nodes (Fig. 20-72). If undetected and untreated, they 
can give rise to chest wall invasion. If level 3 nodes are 
positive, supraclavicular and jugular lymph nodes should 
be assessed. Internal mammary lymph nodes should be 
evaluated in all cases, but especially when the primary 
lesion is medial and deep, and when bulky axillary ade-
nopathy may cause tumor damming and collateral 
flow medially (Fig. 20-73). Presence of metastasis to 
internal mammary lymph nodes is especially important 
to patients and radiation oncologists. Internal mammary 
lymph nodes chains are no longer routinely treated with 
radiation because of potential long-term cardiac compli-
cations. However, if there are known internal mammary 
nodal metastases, the radiation oncologist will add  
an internal mammary field to the treatment. Internal 
mammary lymph node metastasis is most common in 
the first three interspaces just lateral to the sternum.

If both the breast lesion and the lymph node are posi-
tive, a sentinel lymph node procedure becomes unneces-
sary. However, if the lymph nodes appear normal on 
sonography, or if nodes appear abnormal and the biopsy 
is negative, the patient will still need a sentinel lymph 
node procedure, as originally planned. The value added 
is in an abnormal lymph node sonogram with a posi-
tive biopsy. There is no value in a negative lymph node 
biopsy, and it creates one extra procedure. Thus, we 
believe that ultrasound-guided lymph node biopsies 
should be reserved for cases where both the breast lesion 
and lymph node are highly likely to be malignant. We 
do not believe that core biopsy of a lymph node with 
benign cytology adversely affects the sentinel node pro-
cedure that is still necessary. Tumor damming within the 

static (Fig. 20-69, A). However, if the adjacent node is 
sonographically normal, the node with symmetrical cor-
tical thickening is more likely to be metastatic (Fig. 
20-69, B). Assessment of adjacent lymph nodes is not 
necessary when cortical thickening is so severe that the 
hilum is completely obliterated, because this occurs 
much more frequently in metastatic than reactive nodes 
(Fig. 20-69, C ). Although Doppler sonography can 
also be used to help determine whether a node with 
symmetrical cortical thickening is reactive or metastatic, 
gray-scale imaging of adjacent lymph nodes usually 
makes this unnecessary.

We now routinely scan the axillary lymph nodes in 
any patient in whom we find a BIRADS 4 or BIRADS 
5 breast lesion. If an abnormal lymph node that is suspi-
cious for metastatic disease is identified, we perform 
ultrasound-guided core biopsy on the lymph node at the 
same time the breast lesion is biopsied. If cortical thick-
ening is localized, the part of the node with thickened 
cortex should be targeted for biopsy (Fig. 20-70). We 
now place a marker in every lymph node that is biopsied 
and obtain specimen radiographs of removed lymph 
nodes to confirm that positive lymph nodes are removed 
at axillary dissection.

If abnormal lymph nodes are identified within level 1 
of the axilla, the next highest level of nodes should be 
assessed with sonography. As discussed earlier, the pec-
toralis minor muscle determines the level of the lymph 
nodes. Nodes that lie lateral and inferior to the lateral 
edge of the pectoralis muscle are level 1 lymph nodes. 
These are the first nodes involved by metastases, except 
in rare cases where the sentinel lymph node is a level 2 
node. Lymph nodes behind the pectoralis minor muscle 
are level 2, and those that lie superior and medial to the 
medial edge of the pectoralis muscle are level 3, or infra-
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FIGURE 20-69. Comparison with adjacent lymph nodes to assess significance of symmetrical cortical 
thickening. A, When adjacent lymph nodes within the axilla show similar degrees of symmetrical cortical thickening, the lymph nodes 
are more likely reactive than metastatic. If contralateral axillary lymph nodes show similar degrees of thickening, the risk of metastasis is 
reduced even further. B, If the adjacent lymph node shows normal cortical thickness, the risk of metastasis in the node with symmetrical 
cortical thickening is increased. C, When the cortical thickening is so severe that the mediastinum of the lymph node is obliterated, the 
etiology should be assumed to be metastatic, even when adjacent lymph nodes are involved to a similar degree.
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Pre-fire Post-fire

Axilla core Axilla coreA B

FIGURE 20-70. Ultrasound-guided biopsy of abnormal axillary lymph nodes. Ultrasound-guided biopsy confirming 
lymph node metastasis obviates a sentinel lymph node procedure and allows the surgeon to proceed directly to axillary dissection. In 
patients with BIRADS 4 or 5 breast lesions undergoing biopsy, abnormal lymph nodes should be biopsied at the same time. A, Prefire 
image of an abnormal level 1 axillary lymph nodes with eccentric cortical thickening. The needle is specifically targeting the part of the 
lymph node where the cortex is thickened. B, Postfire image shows that the core needle has passes through the abnormally thickened part 
of the cortex.
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FIGURE 20-71. Metastases to three lymph node 
levels. Extended-FOV, obliquely oriented sonogram shows 
metastasis to all three levels of axillary lymph nodes. Massive 
adenopathy and microcalcifications are seen in a level 1 lymph 
node that lies lateral and inferior to the pectoralis minor muscle 
(dotted oval). A mildly enlarged level 2 lymph node lies posterior 
to the pectoralis muscle. A moderately enlarged level 3 lymph 
node with a microcalcification lies superior and medial to the 
pectoralis muscle.

sentinel node that forces collateral flow around the node 
is the main cause of false-negative sentinel lymph node 
procedures. These are exactly the nodes that are identi-
fied and proved to be positive with sonography. Remov-
ing these patients from the sentinel lymph node cohort 
actually reduces false-negative sentinel lymph node 
procedures.

Finally, in patients in whom sonography cannot 
obviate the sentinel lymph node procedure, ultrasound 
can be used to aid in the injection of technetium sulfur 
colloid. With the aid of a gamma detector, ultrasound 
can be used to identify the sentinel node and guide 
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FIGURE 20-72. Metastasis to level 2 and Rotter 
lymph nodes. Rotter lymph nodes (R) lie between the pecto-
ralis minor and major muscles at the same level as level 2 lymph 
nodes (2) and, if unrecognized, can be a source for chest wall 
invasion. This patient has gross metastasis that obliterates the 
mediastinum of level 2 and Rotter lymph nodes.
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of abnormal enhancement on MRI) and less accurate 
than widely believed precisely because MR biopsies are 
not true real-time biopsies. Further, sensitivity of MRI 
for DCIS has not been completely established. We 
believe that MRI is very sensitive for high-nuclear-grade 
(HNG) DCIS, is moderately sensitive for intermediate-
nuclear-grade (ING) DCIS, and has lower sensitivity for 
low-nuclear-grade (LNG) DCIS, but exact sensitivity is 
unknown.

Breast ultrasound performed after breast MRI to eval-
uate areas of abnormal contrast enhancement on MRI 
(so-called second-look ultrasound, even when a “first 
look” ultrasound was never performed) can be helpful in 
overcoming some, but not all, of the limitations of breast 
MRI. Ultrasound can be very useful in assessing abnor-
mal enhancement shown on MRI and in decreasing 
false-positive breast MRI results caused by ANDIs. 
Additionally, ultrasound guidance of interventional pro-
cedures is less costly and more efficient than MRI guid-
ance and is truly real-time. Finally, unless Combidex 
contrast enhancement is used with MRI, sonography is 
better at characterizing regional lymph nodes and at 
guiding biopsy of abnormal nodes.

“Second look” breast ultrasound is very effective at 
confirming the presence of additional ipsilateral or con-
tralateral foci of invasive breast cancer identified on 
MRI, guiding “mapping” biopsies and localizing the foci 
for surgery. Invasive breast cancers present primarily 
with “hard” findings that overlap little with the findings 
of normal anatomy and benign ANDIs (Fig. 20-74). In 
most cases with enhancing foci of invasive carcinoma, 
ultrasound virtually ensures identification of the same 
invasive lesion identified on MRI. However, sonographic 
identification of additional foci of DCIS is more diffi-
cult. Sonography is not as sensitive for DCIS as it is for 
invasive breast cancer. DCIS presents with “soft” find-
ings that overlap greatly with the findings of normal 
anatomy and benign ANDIs. How heavily we weight 
soft findings sonographically depends on the indication 
for breast ultrasound. We must keep in mind that “post-
test” probability depends on “pretest” probability. In 
breast ultrasound, we deal with three different patient 
groups, each with a different prevalence of breast cancer 
(pretest probability): the screening group, the diagnostic 
group, and the MRI correlation group. Different sets of 
rules are needed for interpreting studies in these patients. 
In the screening group the risk of cancer will be about 
3 to 6 per 1000 patients. In the diagnostic group the risk 
will be about 3% to 8%, and in the MRI correlation 
group, a group with biopsy-proven cancer and one or 
more additional foci of abnormal enhancement on MRI, 
the risk is 30% to 40% (Fig. 20-75). In the screening 
group, we must deemphasize soft findings, because  
these will almost always represent benign ANDIs. In the 
diagnostic group, we weight soft and hard findings 
almost equally, and in the MRI correlation group, we 
weight soft findings heavily, especially when the MRI 

needle localization of both the primary and the sentinel 
lymph node.

New contrast agents being developed that specifically 
enhance lymphatics and lymph node sinusoids will help 
in identifying lymph node metastases and targeting 
abnormal areas of lymph node cortex for biopsy.

Sonographic–Magnetic  
Resonance Correlation

The role of contrast-enhanced MRI in local and regional 
staging of breast cancer has expanded greatly in recent 
years, along with the role of ultrasound correlation after 
MRI. Breast MRI shows the true extent of breast cancer 
preoperatively better than any other imaging modality, 
allowing the most appropriate treatment planning. It 
minimizes positive margins, number of surgeries neces-
sary to obtain clear margins, and true recurrences and 
so-called recurrences that result from unrecognized and 
unresected additional foci of carcinoma present before 
surgery. MRI also shows the size of invasive breast 
cancers and the associated DCIS components better than 
other imaging tests. Breast MRI allows detection of ipsi-
lateral multifocal and multicentric and synchronous con-
tralateral malignancy with much higher sensitivity than 
other modalities. In our patient population, MRI dem-
onstrates multifocal or multicentric disease in 30% of 
patients and synchronous contralateral breast cancer in 
6% of patients.

Although the most sensitive modality for invasive 
breast cancer, MRI does have problems. First, because 
of the high rate of false-positive results with contrast-
enhanced breast MRI, treatment decisions require  
histologic confirmation of the cause of abnormal 
enhancement. Thus, image-guided biopsy of abnormal 
areas of enhancement is necessary, but MRI-guided 
biopsy ties up a valuable resource. We believe that MRI-
guided biopsies are not as accurate as ultrasound (as long 
as we are sure that we have accurately identified an area 
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FIGURE 20-73. Metastasis to internal mammary 
lymph nodes. Long-axis extended-FOV image shows a gross 
internal mammary lymph node metastasis (between arrows) lying 
between the first (1) and second (2) costal cartilages.
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enhancement pattern is “non-mass-like,” clumped, or 
ductal (Fig. 20-76).

Doppler Sonography

Once a breast malignancy exceeds about 3 mm in size, 
it must stimulate neovascularity to continue to grow.  
To accomplish this, tumors elaborate a variety of angio-
genesis factors. A net of peripheral neovessels forms to 
nourish the rapidly proliferating periphery of the tumor. 
Much attention has focused on detecting this neovas-
cularity with Doppler ultrasound, with and without  
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FIGURE 20-74. Contralateral invasive carcinoma 
detected on MRI and verified on “second look” 
ultrasound. A, Targeted diagnostic sonogram of a high-grade 
invasive carcinoma in upper right breast that presented as a pal-
pable lump. Ultrasound-guided biopsy showed high-grade inva-
sive carcinoma. B, Staging MRI showed right breast carcinoma 
and an enhancing mass inferiorly in the contralateral left breast. 
C, Second-look ultrasound showed irregular mass corresponding 
to the left breast lesion on MRI. Ultrasound-guided biopsy 
showed synchronous high-grade invasive duct carcinoma.
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FIGURE 20-75. Second-look ultrasound should be 
interpreted differently from screening or tar-
geted diagnostic breast sonography. In patients 
undergoing screening breast ultrasound, the risk of malignancy is 
only about 3 per 1000 patients. The vast majority of lesions that 
present with only “soft” suspicious findings will be benign lesions, 
so soft findings should be weighted less heavily in characterizing 
lesions. In diagnostic patients, the risk of malignancy is about 5%, 
so we weight soft and hard findings almost equally in palpable 
lesions and lesions that present on mammography. In patients 
with proven breast carcinoma who have additional suspicious 
masslike or non-masslike enhancement, the risk of malignancy 
exceeds 30%. “Soft” findings must be emphasized on second-look 
ultrasound because they often represent in situ carcinoma.
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contrast agents. Subjective findings, such as presence  
or absence of flow, and the distribution and pattern of 
vessels have been evaluated. Semiquantitative criteria 
such as vessel density, peak systolic velocity (PSV), pul-
satility indices, resistive index (RI), and systolic-to- 
diastolic velocities have been evaluated. However, all 
these subjective and semiquantitative criteria can easily 
be altered by using too much compression pressure 
during scanning. Only a few authors have appropriately 
emphasized how critical it is to use exceedingly light 
compression when assessing blood flow in the breast. 
Tumor vessels have no muscle or elastic to prop them 
open and are very soft. The transducer is hard, the chest 
wall is firm, and even the weight of the sonographer’s 
arm on the transducer can compress a lesion between the 
probe and chest wall enough to decrease or even com-
pletely ablate flow within breast lesions (Fig. 20-77). 
Not only can the presence or absence of flow be affected, 
but semiquantitative criteria (e.g., PSV, RI) can also be 
altered. When used for characterizing breast lesions, 
Doppler sonography must be performed with such light 
scan pressure that the transducer barely contacts the skin. 
In some cases, using a standoff of acoustic gel may be 
necessary so that Doppler ultrasound–detectable blood 
flow will not be affected.

We have found that the most useful Doppler ultra-
sound feature in characterizing breast nodules is com-
paring the pulsed Doppler spectral waveform in the 
periphery of the lesion with that in the center of the 
lesion. In benign lesions the waveforms obtained from 
the center and from the periphery of the lesions are 
similar to each other—low impedance flow with rela-
tively low systolic velocities and rounded systolic peaks. 
In malignant lesions the waveforms obtained from the 
periphery are similar to those obtained from benign 
lesions—low impedance with rounded systolic peaks. 
The waveforms obtained from the center of malignant 
lesions, however, demonstrate higher impedance, higher 
systolic velocities, and sharp systolic peaks (Fig. 20-78). 
These intratumoral waveforms are probably a manifesta-
tion of increased pressures within the ECM of tumors 
that extrinsically compresses the thin-walled sinusoidal 
vessels within the center of the tumor.
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FIGURE 20-76. High-grade invasive duct carci-
noma with second in situ lesion presenting only 
with “soft” findings. A, Targeted diagnostic ultrasound 
shows an irregularly shaped mass that presented as a palpable 
lump. Ultrasound-guided biopsy showed high-grade invasive 
ductal carcinoma. B, MRI shows an ipsilateral non-masslike area 
(arrow) of clumped enhancement farther inferiorly that lies just 
inferior to a large cyst. C, Second-look ultrasound shows no mass. 
Only the soft findings of branching ducts and microcalcifications 
(within dotted box) next to a large, simple cyst correspond to 
clumped enhancement on MRI. Ultrasound-guided vacuum 
biopsy showed intermediate-nuclear-grade in situ carcinoma.
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FIGURE 20-77. Importance of light pressure for color Doppler examination. A, Micropapillary DCIS lesion appears 
exceedingly hypervascular when scanned with light pressure. B, Lesion appears avascular when just the weight of the scanning arm is 
allowed to rest on the transducer while scanning.
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FIGURE 20-78. Central and peripheral Doppler signals. A, Pulsed Doppler spectral waveforms obtained from the center 
of malignant solid nodule tend to have high peak systolic velocity (PSV) and relatively high resistive index (RI). B, Waveforms obtained 
from the periphery of a malignant solid breast nodule tend to have lower PSV, more rounded systolic peaks, and lower RI. Benign solid 
nodules differ in that they tend to have low PSV, rounded systolic peaks, and relatively low RI in both the interior and the periphery of 
the nodule.
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In niche applications, Doppler sonography is useful 
for assessing internal echoes within cysts and ectatic 
ducts, diagnosing acute inflammation or infection, and 
avoiding large vessels, particularly arteries, during inter-
ventional procedures. Doppler ultrasound is essential in 
diagnosing vascular conditions such as arteriovenous 
malformations, arteriovenous fistulas, venous mal-
formations, and superficial venous thrombosis 
(Mondor’s disease). Doppler ultrasound is valuable in 
distinguishing between reactive or inflamed lymph nodes 
and metastasis-bearing nodes in certain cases.

Real, rather than artifactual, internal echoes frequently 
complicate breast cysts. Such echoes can result from a 
variety of cellular and acellular particles within the cyst. 
It can be difficult with static gray-scale images alone  
to distinguish between the different causes of internal 
echoes. Additionally, some markedly hypoechoic solid 
nodules can have a pseudocystic appearance. Demon-
strating an internal vessel on color Doppler ultrasound 
indicates that the lesion is either solid or a cyst com-
pletely filled by a papillary lesion (Fig. 20-79). As always 
the case with Doppler sonography, a positive study is 
more valuable than a negative study because in certain 
solid nodules, a central vessel will not be demonstrable. 
In other cases, the energy of the Doppler beam will 

We have found the gray-scale image characteristics 
much more powerful and accurate than Doppler sonog-
raphy in characterizing most solid nodules. In only a 
small percentage of cases has Doppler sonography added 
useful information to the gray-scale imaging in charac-
terizing solid breast nodules. In our experience, Doppler 
sonography is most helpful in small, high-grade invasive 
carcinomas 6 or 7 mm in diameter or smaller. Such 
lesions are typically circumscribed, have not developed 
numerous suspicious gray-scale findings, and are the 
lesions most likely to be mischaracterized as BIRADS 3 
by imaging alone. Despite their small size, such lesions 
are frequently quite vascular compared with benign 
lesions of the same size. We believe the gray-scale image 
will continue to be better for characterizing breast lesions 
than Doppler sonography in most cases, even with the 
use of contrast agents.

Doppler sonography can be useful in assessing the 
aggressiveness of breast solid nodules. Increased vascular-
ity on Doppler ultrasound is a manifestation of biologi-
cally aggressive (high histologic grade) lesions that are 
most likely to spread distantly hematogenously. Patients 
with such lesions are those most likely to benefit from 
aggressive adjuvant chemotherapy, particularly antian-
giogenesis drugs.
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FIGURE 20-79. Pseudocystic solid nodule versus complicated cyst. Color Doppler ultrasound can be helpful in distin-
guishing between complex cysts and solid nodules when the distinction is uncertain based on the image alone. A, Metastatic leiomyo-
sarcoma of the breast shows a pseudocystic appearance on the sonogram. B, Color Doppler sonography shows abundant internal flow, 
indicating that the lesion is solid.
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cysts and ducts differs from the orientation of vessels that 
feed intracystic or intraductal papillary lesions. Vessels 
that lie within the walls of inflamed ducts or within the 
periductal tissues course parallel to the duct wall, because 
they are feeding and draining the duct wall and periduc-
tal tissues. Vessels that feed intraductal papillary lesions 
are oriented perpendicular to the axis of the duct wall, 
because the vessels are merely passing through the wall 
to feed a lesion inside the duct. Doppler ultrasound and 
other imaging findings in acutely inflamed or infected 
peri-implant capsules are similar to those in acutely 
inflamed cysts or ducts.

Acute superficial venous thrombosis of the breast 
(Mondor’s disease) can also be a cause of acute pain. 
Compression gray-scale sonography and color Doppler 
sonography are essential in making the diagnosis as in 
lower-extremity deep vein thrombosis.

Doppler sonography can be helpful in assessing lymph 
nodes that are not normal but have nonspecific imaging 
findings that prevent determination of whether the node 
is merely inflamed or contains metastasis. The histologic 
and biologic behavior of lymph node metastases is 
usually identical to that of the primary lesion. A vascular 
primary tumor will tend to have a vascular lymph node 
metastasis. If the spectral waveforms obtained from  
the center of the primary are high impedance and have 
high and sharp systolic peaks, the waveforms obtained 
from lymph node metastases from that primary will have 
similar waveforms. Conversely, inflamed or reactive 
lymph nodes will usually have low-impedance wave-
forms with low, rounded systolic peaks. The pattern of 
blood vessels within lymph nodes can also be helpful. 
Inflamed or reactive lymph nodes tend to be fed by a 
single hilar artery that arborizes to various degrees within 
the mediastinum of the lymph nodes (Fig. 20-82, A). 
Well-differentiated and low-grade lymphomas can have 
a similar pattern. Metastases to lymph nodes can stimu-
late development of transcapsular tumor neovascularity 
(Fig. 20-82, B). Metastases tend to implant in the sub-
capsular and cortical sinusoids and the neovessels that 
they generate penetrate through the lymph node capsule. 
With Doppler ultrasound, the presence of transcapsular 
feeding arteries is a better positive predictor of metastasis 
than the absence of transcapsular vessels is an indicator 
of inflammation. Not all lymph node metastases stimu-
late formation of transcapsular neovessels.

ULTRASOUND-GUIDED 
INTERVENTION

The use of sonography for guiding interventional proce-
dures is almost unlimited. Any type of interventional 
procedure for a lesion that is visible by sonography  
can be guided by sonography. Sonographic guidance  
is usually quicker, more precise, and less expensive  
than mammographic, stereotaxic, or MR guidance. 

displace particles within the cyst to move posteriorly—
so-called color streaking. Particles that can be moved 
solely by the energy of the Doppler beam are tiny, sub-
cellular in size, and are usually cholesterol crystals that 
are part of the benign FCC spectrum. Color Doppler 
sonography can be useful in distinguishing between an 
echogenic lipid layer or tumefactive sludge within a cyst 
and a true intracystic papillary lesion. Intracystic papil-
lary lesions, whether benign or malignant, are among the 
most vascular lesions of the breast and usually have a 
prominent vascular stalk that is demonstrable with color 
or power Doppler sonography (Fig. 20-80, A). Demon-
stration of a vessel within such an intracystic area of 
increased echogenicity indicates the presence of an intra-
cystic papilloma or carcinoma. Benign intracystic papil-
lomas tend to have a single, large, feeding vessel within 
the vascular stalk, whereas malignant intracystic papillary 
lesions tend to be fed by multiple feeding vessels.

Ectatic ducts, like cysts, often contain echogenic secre-
tions or blood that can be difficult to distinguish from 
intraductal papillomas or DCIS by gray-scale imaging 
alone. Ballottement of ectatic ducts that contain diffuse 
low-level echoes can cause the echoes to slosh back and 
forth within the duct. This can be appreciated on the 
gray-scale image in certain cases and can be documented 
on a single hard-copy image by using color Doppler 
sonography. The secretions are echogenic enough to 
create a color signal when moving within the duct. They 
tend to move posteriorly during compression and ante-
riorly during compression release, creating color signals 
of opposite color. Demonstrating such a “color swoosh” 
documents that the internal echoes are caused by inspis-
sated echogenic secretions or blood rather than tumor. 
It is important that the color signal fills the duct, because 
in some cases, echogenic blood resulting from an intra-
ductal papillary lesion can lead to a color swoosh, but 
the underlying papillary lesion will cause a defect in the 
color signal. As with intracystic papillary lesions, intra-
ductal papillary lesions are often vascular enough to have 
a demonstrable vascular stalk on color Doppler sonogra-
phy (Fig. 20-80, B). This helps to identify intraductal 
papillary lesions and to distinguish them from echogenic 
lipid or debris layers within the duct.

Acute breast pain is a frequent indication for breast 
ultrasound. In most patients the cause for pain is unclear. 
In some, however, sonography with Doppler may show 
an acute inflammatory etiology for pain. Acutely inflamed 
cysts and acute periductal mastitis are the most common 
causes for this pain. The normally thin, echogenic wall 
of acutely inflamed cyst or duct becomes thick and 
isoechoic and also becomes hyperemic (Fig. 20-81). The 
walls of noninflamed cysts and ducts have no demon-
strable flow on color Doppler sonography. Inflammatory 
hyperemia with the thickened walls of acutely inflamed 
cysts and ducts can be easily demonstrated by color or 
power Doppler ultrasound. Interestingly, the direction 
in which the vessels course within the walls of inflamed 
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FIGURE 20-80. Intracystic papillary lesions and intraductal papillomas. A, Intracystic papillary lesions, whether 
benign or malignant, are among the most vascular lesions in the breast. One or more vascular stalks and internal vascularity are usually 
readily demonstrable on color or power Doppler ultrasound. Malignant lesions tend to be fed by multiple vessels, whereas benign intracystic 
papillomas usually have a single feeding vessel. B, Even very small intraductal papillomas usually have a vascular stalk demonstrable on 
color or power Doppler ultrasound.

Infected duct Infected duct

A B

FIGURE 20-81. Duct wall hyperemia in acute periductal mastitis. A, Gray-scale image shows uniform isoechoic wall 
thickening in the inflamed or infected duct (arrow). The noninflamed ectatic duct just to the right has a normal, thin, echogenic wall. 
B, Color Doppler sonogram shows marked hyperemia of the wall and tissues around the inflamed duct. The vessel is oriented parallel to 
the wall.
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FIGURE 20-82. Color Doppler flow patterns and special waveforms help distinguish between metastatic 
and inflammatory etiologies of mild lymphadenopathy. A, Benign reactive lymph node is usually fed by a single hilar 
artery (arrow). B, Lymph nodes that bear metastasis often develops transcapsular feeding vessels (arrows) in addition to having a 
normal hilar artery (h). C, Pulsed Doppler spectral waveforms obtained from benign reactive nodes tend to have low RI and low PSV 
with rounded systolic peaks. D, Waveforms obtained from metastasis-bearing lymph nodes tend to have high RI, high PSV, and sharp 
systolic peaks.

specimen sonography (Fig. 20-84), sentinel node injec-
tion, sentinel node localization, abscess drainage, percu-
taneous ductography, foreign body removal (broken 
localization wires), and biopsy using fine needles, large 
Tru-Cut needles (Fig. 20-85), vacuum-assisted biopsy 
(Fig. 20-86), and en bloc removal. Sonography can 
be used to locate and orient the lumpectomy cavity  
for booster doses of external radiation, to guide place-
ment of brachytherapy needles, and for placement of 
partial-breast irradiation balloons. It can also be used to 
guide lesion ablation using laser, radiofrequency, and 
cryotherapy.

We place a marker after every core needle biopsy and 
after every vacuum-assisted biopsy for several reasons. 
First, if the biopsy reveals malignant or atypical histol-
ogy, a needle localization excisional biopsy will frequently 
be necessary. Second, if the lesion is malignant, the 
patient may receive chemotherapy before surgery. After 
chemotherapy, all imaging evidence of the lesion may 
disappear, but a needle localization of the marker will 
still be necessary. Finally, the presence of markers placed 
in a benign lesion helps immensely in interpreting  
follow-up mammograms.

Ultrasound guidance is truly real time, whereas stereo-
taxic and MRI guidance are not.

Our strong preference is to place the needle along the 
long axis of the transducer, enabling the needle to be 
visualized along its entire course in real time throughout 
the entire procedure. A short-axis approach allows visu-
alization of the needle only when it is within the short 
axis of the ultrasound beam and requires a much steeper 
approach. This is especially problematic for deeply 
located lesions and in patients with implants. The main 
difficulty encountered during a long-axis approach is in 
keeping the needle and the long axis of the transducer 
exactly parallel to each other. Watching the ultrasound 
monitor before the needle has passed far enough into the 
breast to be within the ultrasound beam is the main 
cause of misalignment. It is best to watch one’s hands 
until the needle is deep enough within the breast to be 
within the ultrasound beam before moving the eyes to 
the ultrasound monitor. Once the needle is within the 
beam, it is relatively easy to keep it precisely parallel to 
the beam.

Ultrasound can be used to guide cyst aspiration  
(Fig. 20-83), needle localization for surgical biopsy with 
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FIGURE 20-84. Ultrasound-guided wire localization for excisional biopsy. A, Nodule (arrowhead) before the proce-
dure. B, Nodule (arrowhead) with the localization needle (arrows) in place. C, Localization wire (arrows) in place after the needle is removed 
(arrowhead, nodule). D, Specimen radiograph shows the nodule (arrow) in center of specimen. E, Specimen sonogram, however, shows 
the nodule extending to superficial margin of specimen (arrowhead).

A B C

FIGURE 20-83. Technique of needle aspiration and biopsy. Ultrasound images show tender, simple tension cyst A, before 
aspiration; B, during aspiration; and C, after aspiration. Ultrasound-guided interventional procedures of the breast are performed with 
the needle oriented along the long axis of the transducer, with angulation of the needle and appropriate heeling or toeing of the transducer 
to place the needle almost parallel to the transducer face and perpendicular to the ultrasound beam.
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FIGURE 20-85. Ultrasound-guided needle biopsy with a 14-gauge Tru-Cut needle. A, Needle (arrows) has been 
advanced to the edge of the nodule in the prefire position. B, Needle (arrow) has been fired through the nodule and now is in the postfire 
position. C, Needle has been withdrawn, but a vapor trail of microbubbles (arrow) can still be seen within the needle tract, which docu-
ments that the needle did pass through the target nodule.
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FIGURE 20-86. Ultrasound-guided directional vacuum-assisted biopsy (DVAB) with 10-gauge needle. 
A, High-grade 5-mm invasive ductal carcinoma. B, Vacuum probe has been placed just deep to the lesion, with the closed aperture (arrows) 
just deep to the nodule. C, Aperture has been opened (arrows). There is ringdown artifact deep to the aperture created by the vacuum 
holes. D, Lesion has been removed and a marker placed, consisting of air-impregnated pellets, one of which contains a metallic clip.
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Diagnostic ultrasound is the most common imaging 
technique used to supplement the physical examination 
of the scrotum and is an accurate means of evaluating 
many scrotal diseases. Technical advancements in high-
resolution real-time and color flow Doppler sonography 
have led to an increase in the clinical applications of 
scrotal sonography.

SONOGRAPHIC TECHNIQUE

It is helpful if the patient can localize a palpable nodule 
within the scrotum, which the sonographer can then 
palpate during the examination. The patient is examined 
in the supine position. The scrotum is elevated with a 
towel draped over the thighs, and the penis is placed on 
the patient’s abdomen and covered with a towel. Alter-
natively, the scrotal sac may be supported by the exam-
iner’s hand. A high-frequency (7.5-15 MHz) linear array 
transducer is typically used because it provides increased 
resolution of the scrotal contents. If greater penetration 
is needed because of scrotal swelling, a 6-MHz or lower-
frequency transducer may be used. A direct-contact scan 
is most often performed using acoustic coupling gel. 
Images of both testes are obtained in transverse and sagit-
tal planes. If possible, a transverse scan showing both 
testes for comparison is obtained using a dual-imaging 
technique, a larger-footprint transducer, or extended–
field of view imaging. Additional views may be obtained 

in the coronal or oblique planes, with the patient upright 
or performing the Valsalva maneuver when necessary. 
Color flow and power mode Doppler sonography are 
also performed to evaluate testicular blood flow in 
normal and pathologic states.

ANATOMY

The adult testes are ovoid glands measuring 3 to 5 cm 
in length, 2 to 4 cm in width, and 3 cm in anteroposte-
rior dimension. Each testis weighs 12.5 to 19 g. Testicu-
lar size and weight decrease with age.1,2 The testes are 
surrounded by a dense white fibrous capsule, the tunica 
albuginea. Multiple thin septations (septula) arise 
from the innermost aspect of the tunica albuginea and 
converge posteriorly to form the mediastinum testis 
(Fig. 21-1).

The mediastinum testis forms the support for the 
entering and exiting testicular vessels and ducts. As the 
septula proceed posteriorly from the tunica albuginea, 
they form 250 to 400 wedge-shaped lobuli that contain 
the seminiferous tubules. There are approximately 840 
tubules per testis. As the tubules course centrally, they 
join other seminiferous tubules to form 20 to 30 larger 
ducts, known as the tubuli recti. The tubuli recti enter 
the mediastinum testis, forming a network of channels 
within the testicular stroma, called the rete testis. The 
rete terminate in 10 to 15 efferent ductules at the supe-

840
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The epididymis is a curved structure measuring 6 to 
7 cm in length and lying posterolateral to the testis. It is 
composed of a head, a body, and a tail. The head of the 
epididymis, also known as the globus major, is located 
adjacent to the superior pole of the testis and is the 
largest portion of the epididymis. It is formed by 10 to 
15 efferent ductules from the rete testis joining together 
to form a single convoluted duct, the ductus epididy-
mis. This duct forms the body and the majority of the 
tail of the epididymis. It measures approximately 600 cm 
in length and follows a convoluted course from the head 
to the tail of the epididymis. The body or corpus of the 
epididymis lies adjacent to the posterolateral margin of 
the testis. The tail or globus minor is loosely attached 
to the lower pole of the testis by areolar tissue. The 
ductus epididymis forms an acute angle at the inferior 
aspect of the globus minor and courses cephalad on the 
medial aspect of the epididymis to the spermatic cord. 
Sonographically, the epididymis is normally isoecho-
genic or slightly more echogenic than the testis, and its 
echotexture may be coarser. The globus major normally 
measures 10 to 12 mm in diameter and lies lateral to the 
superior pole of the testis (Fig. 21-2, D). The body tends 
to be isoechoic or slightly less echogenic than the globus 
major and testis. The normal body measures less than 
4 mm in diameter, averaging 1 to 2 mm.

The appendix testis, a remnant of the upper end of 
the paramesonephric (müllerian) duct, is a small ovoid 
structure usually located on the superior pole of the testis 
or in the groove between the testis and the head of the 
epididymis. The appendix testis is identified sonographi-
cally in 80% of testes and is more readily visible when a 
hydrocele is present3 (Fig. 21-2, E). The appendix testis 
may appear stalk-like and pedunculated, cystic, or even 
calcified.4 The appendices of the head and tail of the 
epididymis are blind-ending tubules (vasa aberrantia) 
derived from the mesonephric (wolffian) duct; they form 
small stalks, which may be duplicated, and project from 
the epididymis5 (Fig. 21-2, F). Rarely, other appendages, 
the paradidymis (organ of Giraldés) and the superior and 
inferior vas aberrans of Haller, may be seen.6 The 
appendages of the epididymis are most often identified 
sonographically as separate structures when a hydrocele 
is present.

Knowledge of the arterial supply of the testis is impor-
tant for interpretation of color flow Doppler sonography 
of the testis. Testicular blood flow is supplied primarily 
by the deferential, cremasteric (external spermatic), and 
testicular arteries. The deferential artery originates from 
the inferior vesical artery and courses to the tail of the 
epididymis, where it divides and forms a capillary 
network. The cremasteric artery arises from the inferior 
epigastric artery. It courses with the remainder of the 
structures of the spermatic cord through the inguinal 
ring, continuing to the surface of the tunica vaginalis, 
where it anastomoses with capillaries of the testicular and 
deferential arteries. The testicular arteries arise from the 

rior portion of the mediastinum, which carry the seminal 
fluid from the testis to the epididymis.

Sonographically the normal testis has a homogeneous 
echotexture composed of uniformly distributed medium-
level echoes, similar to that of the thyroid (Fig. 21-2, A). 
The septula testis may be seen as linear echogenic or 
hypoechoic structures (Fig. 21-2, B). The mediastinum 
testis is sometimes seen as a linear echogenic band 
extending craniocaudally within the testis (Fig. 21-2, C). 
Its appearance varies according to the amount of fibrous 
and fatty tissue present. It is best visualized between the 
ages of 15 and 60 years.

Spermatic cord

Cremasteric
artery

Vas deferens

Deferential
artery

Rete testes

Body of
epididymis

Tail of
epididymis

Tunica vaginalis

Tunica albuginea

Seminiferous
tubules

Septa

Efferent ductules

Head of epididymis

Pampiniform plexus

Testicular artery

FIGURE 21-1. Normal intrascrotal anatomy. (From 
Sudakoff GS, Quiroz F, Karcaaltincaba M, Foley WD. Scrotal ultra-
sonography with emphasis on the extratesticular space: anatomy, 
embryology, and pathology. Ultrasound Q 2002;18:255-273.)

SCROTAL SONOGRAPHY:  
CURRENT USES

Evaluation of location and characteristics of scrotal 
masses.

Detection of occult primary tumor in patients with 
known metastatic disease.

Follow-up of patients with testicular microlithiasis.
Follow-up of patients with previous testicular 

neoplasms, leukemia, or lymphoma.
Evaluation of extratesticular pathologic lesions.
Evaluation of acute scrotal pain.
Evaluation of scrotal trauma.
Localization of the undescended testis.
Detection of varicoceles in infertile men.
Evaluation of testicular ischemia with color and 

power Doppler sonography.
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through the mediastinum and coursing toward the 
periphery of the gland. These arteries may be unilateral 
or bilateral and single or multiple, and they are fre-
quently seen as a hypoechoic band in the midtestis7,8 
(Fig. 21-2, H and I ). The transmediastinal artery may 
be associated with acoustic shadowing obscuring the 
distal aspect of the testis and giving rise to the “two-tone” 
testis appearance.9

The velocity waveforms of the normal capsular and 
intratesticular arteries show high levels of antegrade 
diastolic flow throughout the cardiac cycle, reflecting the 
low vascular resistance of the testis (Fig. 21-3, A). Supra-
testicular arterial waveforms vary in appearance. Two 
main types of waveforms exist: a low-resistance wave-

anterior aspect of the aorta immediately below the origin 
of the renal arteries. They course through the inguinal 
canal with the spermatic cord to the posterosuperior 
aspect of the testis. On reaching the testis, the testicular 
artery divides into branches that pierce the tunica  
albuginea and arborize over the surface of the testis in  
a layer known as the tunica vasculosa. Centripetal 
branches arise from these capsular arteries; these branches 
course along the septula to converge on the mediasti-
num. From the mediastinum, these branches form recur-
rent rami that course centrifugally within the testicular 
parenchyma, where they branch into arterioles and capil-
laries7 (Fig. 21-2, G). In about half of normal testes a 
transmediastinal artery supplies the testis, entering 

A B C

D E F

G H I

FIGURE 21-2. Normal intrascrotal anatomy. Longitudinal scans show A, normal homogeneous echotexture of the testis; 
B, striated appearance of the septula testis; C, mediastinum testis (arrow) as a linear echogenic band of fibrofatty tissue; D, head (white 
arrow) and body (black arrow) of epididymis; E, hydrocele (H) and appendix testis (arrow); and F, appendages of epididymis (arrows). G, 
Color Doppler scan shows normal testicular arteries. H, Transverse scan shows hypoechoic band of transmediastinal artery (arrow). I, 
Color Doppler scan shows transmediastinal artery.
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into the scrotum. The upper portion of the processus 
vaginalis, extending from the internal inguinal ring to 
the upper pole of the testis, is normally obliterated. The 
lower portion, the tunica vaginalis, remains as a closed 
pouch folded around the testis. Only the posterior aspect 
of the testis, the site of attachment of the testis and 
epididymis, is not in continuity with the tunica vaginalis. 
The inner or visceral layer of the tunica vaginalis covers 
the testis, epididymis, and lower portion of the spermatic 
cord. The outer or parietal layer of the tunica vaginalis 
lines the walls of the scrotal pouch and is attached to  
the fascial coverings of the testis. A small amount of  
fluid is normally present between these two layers, espe-
cially in the polar regions and between the testicle and 
epididymis.

The scrotal covering layers are normally indistinguish-
able by sonography and are visualized as a single echo-
genic stripe. If any type of fluid is present in the scrotal 
wall, the tunica vaginalis may be identified as a separate 
structure.1

SCROTAL MASSES

With ultrasonographic examination, intrascrotal masses 
can be detected with a sensitivity of almost 100%. Sonog-
raphy is important in the evaluation of scrotal masses 
because its accuracy is 98% to 100% in distinguishing 

form such as the capsular and intratesticular arteries and 
a high-resistance waveform with sharp, narrow systolic 
peaks and little or no diastolic flow10 (Fig. 21-3, B). This 
high-resistance waveform is believed to reflect the high 
vascular resistance of the extratesticular tissues. The def-
erential and cremasteric arteries within the spermatic 
cord primarily supply the epididymis and extratesticular 
tissues, but they also supply the testis through anastomo-
ses with the testicular artery.

The spermatic cord consists of the vas deferens; the 
cremasteric, deferential, and testicular arteries; a pampi-
niform plexus of veins; the lymphatics; and the nerves of 
the testis. Sonographically, the normal spermatic cord 
lies just beneath the skin and is difficult to distinguish 
from the adjacent soft tissues of the inguinal canal.11 
It may be visualized within the scrotum when a hydro-
cele is present or with the use of color flow Doppler 
sonography.

The dartos, a layer of muscle fibers lying beneath the 
scrotal skin, is continuous with the scrotal septum, which 
divides the scrotum into two chambers. The walls of the 
chambers are formed by the fusion of the three fascial 
layers.

The tunica vaginalis is the space between these scrotal 
fascial layers and the tunica albuginea of the testis. 
During embryologic development, the tunica vaginalis 
arises from the processus vaginalis, an outpouching of 
fetal peritoneum that accompanies the testis in its descent 

A B

FIGURE 21-3. Spectral Doppler of normal intratesticular and extratesticular arterial flow. A, Intratesticular 
artery has a low-impedance waveform with large amount of end diastolic flow. B, Extratesticular scrotal arterial supply (cremasteric and 
deferential arteries) has high-impedance waveform with reversed flow in diastole.
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also an increased risk of malignancy developing in the 
contralateral, normally located testis. Sonography is 
often used to screen for an occult tumor in both testes 
after orchiopexy. In patients who have had an orchiec-
tomy for germ cell tumor, sonography is also used to 
screen the remaining testis because of increased risk of 
tumor. Patients with a normally located, but atrophic 
testis have an increased risk of germ cell tumor, especially 
seminoma (Video 21-1).

Macroscopically, seminoma is a homogeneously solid, 
firm, round or oval tumor that varies in size from a small 
nodule in a normal-size testis to a large mass causing 
diffuse testicular enlargement.14 The sonographic fea-
tures of pure seminoma parallel this homogeneous  
macroscopic appearance (Fig. 21-5). Pure seminomas 

intratesticular and extratesticular pathologic features.12 
This distinction is important in disease management 
because most extratesticular masses are benign, but the 
majority of intratesticular lesions are malignant.13

Most malignant testicular neoplasms are more 
hypoechoic than normal testicular parenchyma; however, 
hemorrhage, necrosis, calcification, or fatty changes can 
produce areas of increased echogenicity within tumors.

Testicular neoplasms account for 1% to 2% of all 
malignant neoplasms in men.14 Approximately 65% to 
94% of patients with testicular neoplasms present with 
painless unilateral testicular masses or diffuse testicular 
enlargement, and 4% to 14% present with symptoms of 
metastatic disease.1,15,16 Most primary testicular tumors 
are of germ cell origin and are generally malignant. Only 
60% of testicular germ cell tumors are of one histolo-
gic subtype; the others are of two or more histologic 
subtypes. Although several histologic subtypes of germ 
cell tumor may be present, clinically it is important to 
recognize only two basic tumor types: seminomas 
and nonseminomatous germ cell tumors (NSGCTs). 
Seminomas and NSGCTs behave differently biologically 
and therefore have different therapeutic and prognostic 
implications.17 Seminomas are more radiosensitive and 
usually have a better prognosis.

Gonadal stromal tumors, arising from Sertoli or 
Leydig cells, account for 3% to 6% of testicular masses,1,16 
and the majority of these mesenchymal neoplasms are 
benign.

Malignant Tumors

Germ Cell Tumors

Seminomas. Seminoma is the most common single-cell 
type of testicular tumor in adults, accounting for 40% to 
50% of all germ cell neoplasms. It is also a common 
component of mixed germ cell tumors, occurring in 30% 
of these tumors. Seminomas tend to occur in slightly 
older patients than do other testicular neoplasms, with a 
peak incidence in the fourth and fifth decades.1,18,19 
Although seminomas may occur at older or younger ages, 
they rarely occur before puberty. They are less aggressive 
than other testicular tumors and are usually confined 
within the tunica albuginea at presentation, with only 
25% of patients having metastases at diagnosis. As a 
result of the radiosensitivity and chemosensitivity of the 
primary tumor and its metastases, seminomas have the 
most favorable prognosis of the malignant testicular 
tumors. A second primary synchronous or metachro-
nous germ cell tumor occurs in 1% to 2.5% of patients 
with seminomas (Fig. 21-4; see also Fig. 21-5, D).

Seminoma is the most common tumor type in crypt-
orchid testes. Between 8% and 30% of patients with 
seminoma have a history of undescended testes.16,19 The 
risk of a seminoma developing is substantially increased 
in an undescended testis, even after orchiopexy. There is 

PATHOLOGIC CLASSIFICATION OF 
TESTICULAR TUMORS

GERM CELL TUMORS
Seminoma
Classic
Spermatocytic
Nonseminomatous germ cell tumors
Mixed malignant germ cell
Embryonal cell carcinoma
Yolk sac tumor (endodermal sinus tumor)
Teratoma
Choriocarcinoma

STROMAL TUMORS
Leydig cell (interstitial)
Sertoli cell
Granulosa cell
Mixed undifferentiated sex cord

MIXED GERM CELL–STROMAL TUMORS
Gonadoblastoma
Germ cell–stromal–sex cord

METASTATIC NEOPLASMS
Lymphoma
Leukemia
Myeloma
Carcinoma

OTHER*
Adrenal rests
Epidermoid cyst
Malacoplakia
Carcinoid tumor
Mesenchymal tumor

Data from Mostofi FK, Sobin LH. Histological typing of 
testis tumours. In International histological classification of 
tumors of the testes. Geneva, 1977, World Health 
Organization.
*Rare tumors and nonneoplastic tumorous conditions.
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Pure embryonal cell carcinoma is a rare tumor 
accounting for only 2% to 3% of testicular germ cell 
neoplasms.21 It often occurs in combination with other 
neoplastic germ cell elements, particularly yolk sac tumor 
and teratoma. As with other NSGCTs, embryonal cell 
tumors occur in younger patients than seminomas do, 
with a peak incidence during the latter part of the second 
and third decades. The infantile form, endodermal 
sinus tumor or yolk sac tumor, is the most common 
germ cell tumor in infants younger than 2 years, account-
ing for 60% of testicular neoplasms in this age group. 
Yolk sac tumor is associated with elevated levels of 
α-fetoprotein in 95% of infants. Both embryonal cell 
carcinoma and yolk sac tumor are less radiosensitive and 
chemosensitive than seminomas. The sonographic fea-
tures of pure embryonal cell carcinoma are similar to 
those of mixed NSGCTs (Fig. 21-6, A-C ). Cystic areas 
are present in one third of tumors, and echogenic foci, 
with or without acoustic shadowing, may also be seen.

Teratomas constitute approximately 5% to 10% of 
primary testicular neoplasms. They are defined accord-
ing to the World Health Organization (WHO) classifi-
cation on the basis of the presence of derivatives of the 
different germinal layers (endoderm, mesoderm, and 
ectoderm). The three WHO categories of teratoma are 
(1) mature, (2) immature, and (3) teratoma with malig-
nant transformation.16 One third of teratomas metasta-
size, usually by a lymphatic route, within 5 years.1 The 
peak incidence is in infancy and early childhood, with 
another peak in the third decade of life. In infants and 
young children, teratomas are the second most common 
testicular tumor and usually are mature and well differ-
entiated. Occasional cases may contain immature ele-
ments, but metastases are rare.19 After puberty, teratomas 
typically contain immature and mature elements admixed 
with other germ cell types. Teratomas in adults are 
usually malignant. Elevated levels of α-fetoprotein or 
human chorionic gonadotropin may be found and are 
suggestive of malignancy.17 Sonographically, the tera-
toma is usually a well-defined, markedly inhomogeneous 
mass containing cystic and solid areas of various sizes and 
appears similar to other NSGCTs. Dense echogenic foci 
causing acoustic shadowing are common, resulting from 
focal calcification, cartilage, immature bone, fibrosis, and 
noncalcific scarring20 (Fig. 21-6, D and E).

Pure choriocarcinoma is the rarest type of germ cell 
tumor, accounting for less than 0.5% of malignant 
primary testicular tumors.21 Only 18 cases were encoun-
tered among more than 6000 testicular tumors registered 
at the Armed Forces Institute of Pathology.22 Approxi-
mately 23% of mixed germ cell tumors contain a com-
ponent of choriocarcinoma.19 The peak incidence is in 
the second and third decades. These tumors are highly 
malignant and metastasize early by hematogenous and 
lymphatic routes. Patients may have symptoms resulting 
from hemorrhagic metastases: hemoptysis, hematemesis, 
and central nervous system (CNS)–related symptoms. 

usually have predominantly uniform, low-level echoes 
without calcification, and they appear hypoechoic com-
pared with normally echogenic testicular parenchyma.20 
With high-resolution sonography, some seminomas may 
have a more heterogeneous echotexture (Fig. 21-5, E). 
Rarely, seminomas become necrotic and appear partly 
cystic on sonography (Fig. 21-5, I ).
Nonseminomatous Germ Cell Tumors. NSGCTs 
include embryonal carcinomas, teratomas, yolk sac 
tumors, choriocarcinomas, and mixed germ cell 
tumors. These tumors occur more often in younger 
patients than do seminomas, with a peak incidence 
during the latter part of the second decade and the third 
decade. They are uncommon before puberty and after 
age 50. These malignancies are more aggressive than 
seminomas, frequently invading the tunica albuginea 
and resulting in distortion of the testicular contour (Fig. 
21-6). They frequently cause visceral metastases.1 The 
sonographic appearance of NSGCTs reflects the histo-
logic features. Typically, these tumors are more hetero-
geneous than seminoma and may have both solid and 
cystic components. Coarse calcifications are common. It 
is not possible to distinguish the various subtypes of 
NSGCTs on sonography.

Mixed germ cell tumors are the most common 
NSGCTs and are the second most common primary 
testicular malignancy after seminoma, constituting 40% 
of all germ cell tumors. They contain nonseminomatous 
germ cell elements in various combinations. Seminoma-
tous elements may also be present but do not influence 
prognosis.17 The most common combination, previously 
called “teratocarcinoma,” is teratoma and embryonal cell 
carcinoma.

FIGURE 21-4. Mixed tumor. Transverse scan of coexistent 
mixed germ cell tumor (M) and seminoma (S).
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conjunction with germ cell tumors are called gonado-
blastomas. The majority of gonadoblastomas occur in 
male patients with cryptorchidism, hypospadias, and 
female internal secondary sex organs.19

The majority of stromal tumors are Leydig cell 
tumors. They account for 1% to 3% of all testicular 
neoplasms and occur predominantly in patients age 20 
to 50 years.18,19,23 Patients most often present with pain-
less testicular enlargement or a palpable mass. Approxi-
mately 15% to 30% of patients present with gynecomastia 
resulting from the secretion of androgens or estrogens or 
both. Impotence, loss of libido, or precocious virilization 
may also occur in young men. The tumor is bilateral in 
3% of cases. From 10% to 15% of the tumors are malig-
nant, having invaded the tunica at diagnosis. Leydig cell 
tumors are homogeneous, but foci of hemorrhage and 
necrosis are present in 25% of tumors.18,23 These gonadal 
tumors are usually small, solid, and hypoechoic on 
sonography and may show mainly peripheral flow on 

Gynecomastia is common because of the high levels of 
circulating chorionic gonadotropins produced by all 
these tumors.23 Metastases may be present without any 
evidence of choriocarcinoma in the testicle. Hemorrhage 
with focal necrosis of tumor is an almost invariable 
feature, and calcification may be present, giving a sono-
graphic appearance similar to the other NSGCTs (Fig. 
21-6, F ).

Gonadal Stromal Tumors

Gonadal stromal tumors account for 3% to 6% of all 
testicular neoplasms. Approximately 20% of these 
tumors occur in children.20 The term gonadal stromal 
tumor refers to a neoplasm containing Leydig, Sertoli, 
thecal, granulosa, or lutein cells and fibroblasts in various 
degrees of differentiation. These tumors may contain 
single or multiple cell types because of the totipotential-
ity of the gonadal stroma.16 Gonadal stromal tumors in 
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FIGURE 21-5. Seminoma: spectrum of appearances. Longitudinal scans. A and B, Subtle hypoechoic seminoma (arrows) 
with increased flow. C, Typical homogeneous hypoechoic seminoma. D, Two small foci of seminoma. E, Slightly heterogeneous seminoma. 
F, Seminoma associated with microlithiasis and coarser calcifications. G, Seminoma occupying most of testis. Typical homogeneous 
hypoechoic sonographic appearance. H, Gross specimen of seminoma in G. I, Necrotic seminoma replacing testicle.
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A
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D

FIGURE 21-6. Nonseminomatous germ cell tumors: spectrum of appearances. A to C, Embryonal carcinoma. 
A, Longitudinal scan shows relatively homogeneous tumor (arrows). B, Longitudinal scan shows partly cystic calcified mass invading the 
tunica (arrow). C, Transverse scan shows tumor (arrows) with coarse calcification. D and E, Teratoma. Longitudinal scans show D, cystic 
change and calcification, and E, extensive calcification. F, Mixed germ cell tumor. Longitudinal scan shows a large tumor with cystic 
change occupying most of the testis.
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and multifocal and may be almost completely calcified 
(Fig. 21-7, D).

Occult Primary Tumors

Sonography is an important diagnostic tool for patients 
who present with mediastinal, retroperitoneal, or supra-
clavicular metastases from metastatic testicular carci-
noma but have a normal physical examination of the 
testes (Fig. 21-8). The detection of the occult primary 
tumor is important in disease management because if 
the tumor is not removed, metastasis will continue. 
Sonography can detect nonpalpable testicular neoplasms. 
Unlike mediastinal and CNS extragonadal tumors, 
which are often primary lesions, retroperitoneal germ cell 
tumors are usually metastases from primary testicular 
germ cell tumors.27,28 The primary testicular tumor may 
regress, despite widespread advancing metastatic disease, 
resulting in an echogenic fibrous and possibly calcific 
scar. Hypothetically, regression is caused by the high 

color Doppler imaging24 (Fig. 21-7, A-C ). Cystic spaces 
resulting from hemorrhage and necrosis are occasionally 
seen in larger lesions.

Sertoli cell tumors are rare and account for less 
than 1% of all testicular tumors; they occur with equal 
frequency in all age groups.25 The most common pre-
sentation is with a painless testicular mass. Feminiza-
tion with gynecomastia may occur, especially with 
malignant Sertoli cell tumors or with the large-cell cal-
cifying variant. Sertoli cell tumors may occur in unde-
scended testes, in patients with testicular feminization, 
Klinefelter’s syndrome, and Peutz-Jeghers syndrome.26 
Sertoli cell tumors are usually small and homogeneous, 
as reflected in the sonographic appearance, which 
shows a small, hypoechoic mass similar to a Leydig cell 
tumor. Occasionally, hemorrhage or necrosis may 
occur, giving a more heterogeneous appearance on 
sonography. The large-cell calcifying Sertoli cell tumor 
is a subtype with distinctive clinical, histologic, and 
sonographic features.26 These tumors are often bilateral 

A B

C D

FIGURE 21-7. Stromal tumors: spectrum of appearances. A to C, Leydig cell tumor. Longitudinal scans show A, small, 
hypoechoic solid mass in the midtestis; B, hypoechoic solid mass at the upper pole of the testis; and C, subtle hypoechoic mass (arrows) 
in the midtestis. The patient had bilateral stromal tumors. D, Transverse scan of large-cell calcifying Sertoli cell tumor.
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Testicular Metastases

Metastases, Lymphoma, and Leukemia

Malignant lymphoma is the most common secondary 
testicular neoplasm. Lymphoma accounts for 1% to 8% 
of all testicular tumors and is the most common testicu-
lar tumor in men older than 60 years. However, testicu-
lar involvement occurs in only 0.3% of patients with 
lymphoma.16 The peak age at diagnosis of lymphoma is 
60 to 70 years; 80% of the patients are older than 50 at 
diagnosis. Malignant lymphoma is the most common 
bilateral testicular tumor, occurring bilaterally either in 
a synchronous or more often in a metachronous manner 

metabolic rate of the tumor and vascular compromise 
from the tumor outgrowing its blood supply. Usually, 
no viable tumor cells are identifiable on histologic section 
in these cases, although intratubular malignant germ 
cells may be present.14,15,27 The size of the affected testis 
is often normal or small. The sonographic finding of an 
echogenic focus with or without posterior acoustic shad-
owing is not specific for a “burned-out” tumor, but it 
strongly suggests this diagnosis in the context of histo-
logically proven testicular metastases29 (Fig. 21-9).

Approximately 95% of primary testicular neoplasms 
larger than 1.6 cm in diameter show increased vascular-
ity on color flow Doppler examination. However, color 
Doppler findings do not appear to be important in the 
evaluation of adult testicular tumors.30 Color flow may 
help to identify tumors that are relatively isoechoic with 
testicular parenchyma,31 but focal or diffuse inflamma-
tory lesions cannot be distinguished from neoplasms on 
the basis of color flow Doppler or pulsed Doppler 
findings.

Nonpalpable testicular tumors have also been detected 
with sonography in patients presenting for scrotal dis-
comfort or infertility.32-35 Incidentally discovered non-
palpable lesions are often benign, but approximately 
20% to 30% are malignant.33,34,36 Management of these 
patients is controversial. Many believe that if tumor 
markers and the chest radiograph are normal, patients 
can undergo an excisional testicular biopsy using an 
inguinal, organ-sparing approach. In these patients, 
intraoperative sonography may facilitate resection of the 
testicular mass. If the frozen section shows a benign 
lesion, the testis can usually be spared.33 Sonographic 
follow-up rather than excision of an incidentally detected 
lesion (“incidentaloma”) is only recommended if there 
is a strong clinical suggestion that the lesion is nonneo-
plastic (i.e., recent history of trauma or infection).

A B

FIGURE 21-8. Occult testicular seminoma with retroperitoneal metastases. A, Contrast-enhanced CT scan showing 
extensive retroperitoneal adenopathy from seminoma. B, Longitudinal sonographic scan shows occult homogeneous hypoechoic seminoma. 
The physical examination of the testis was negative.

FIGURE 21-9. “Burned-out” germ cell tumor. Lon-
gitudinal scan shows a partly calcified nonviable germ cell tumor 
in a patient with retroperitoneal metastases. Notice the hypoechoic 
mass around the focus of calcification.
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barrier, which inhibits concentration of chemothera-
peutic agents.39 The highest frequency of testicular 
involvement is found in patients with acute leukemia 
(64%). Approximately 25% of patients with chronic 
leukemia have testicular involvement. Most cases of  
testicular involvement occur within 1 year of the  
discontinuation of long-term remission maintenance 
chemotherapy.

The sonographic appearance of leukemia is nonspe-
cific and similar to lymphoma. Patients most frequently 
present with diffuse infiltration, which produces dif-
fusely enlarged, hypoechoic testes (Fig. 21-10, E ).

Myeloma

Involvement of the testis is usually a manifestation of 
diffuse myeloma, although rarely the testis may be the 
site of primary focal myeloma (plasmacytoma).40 The 
testis may have single or multiple nodules that appear 
hypoechoic and homogeneous on sonographic examina-
tion. Bilateral involvement occurs in approximately 20% 
of cases.17

Other Metastases

Nonlymphomatous metastases to the testes are uncom-
mon, representing 0.02% to 5% of all testicular neo-
plasms.41 The most frequent primary sites are the lung 
and prostate.18 Other frequent primary sites for meta-
static neoplasms include melanoma, kidney, colon, 
stomach, and pancreas.42 Most metastases are clinically 
silent, being discovered incidentally at autopsy or after 
orchiectomy for prostatic carcinoma. Testicular metasta-
ses are most common in patients during the sixth and 
seventh decades.1 They are usually multiple and are 
bilateral in 15% of cases.18 Because primary germ cell 
tumors may also be multicentric and bilateral, these fea-
tures are not helpful in distinguishing primary from 
metastatic testicular neoplasms. Widespread systemic 
metastases are usually present in patients with testicular 
metastases. Possible routes of metastases to the testis 
include retrograde venous, hematogenous, retrograde 
lymphatic, and direct tumor invasion. Metastases from 
sites remote from the testis, such as the lung and skin, 
most likely spread hematogenously. Retrograde venous 
extension through the spermatic vein occurs in renal cell 
carcinoma and may also occur in bladder and prostate 
tumors.43 Neoplasms with metastases to the periaortic 
lymph nodes may involve the testis through retrograde 
lymphatic extension. Colorectal carcinoma may directly 
invade the testes. Sonographic features of nonlympho-
matous testicular metastases vary. The appearance is 
often hypoechoic but may be echogenic or complex 
(Fig. 21-10, F ).1

Other rare tumors of the testis include hamartoma 
(Fig. 21-11), dermoid, hemangioma, intratesticular 
adenomatoid tumor, carcinoid, carcinoma of the  

in 6% to 38% of cases. One half of bilateral testicular 
neoplasms are malignant lymphomas.16,18 Most malig-
nant lymphomas of the testicle are of the non- 
Hodgkin’s type. Hodgkin’s lymphoma of the testis is 
extremely rare.

Testicular lymphoma most frequently occurs in asso-
ciation with disseminated disease or as the initial mani-
festation of occult nodal disease. Approximately 10% of 
the patients with lymphoma present with a testicular 
mass and appear to have a relatively good prognosis, 
although meticulous examination usually reveals lymph 
node involvement.16 True primary lymphoma of the 
testis has not been conclusively documented.17 Most 
patients with malignant lymphoma of the testis have  
a painless testicular mass or diffuse testicular enlarge-
ment. Approximately 25% of the patients have consti-
tutional symptoms of lymphoma, such as fever, weakness, 
anorexia, or weight loss.

Lymphoma of the testis is often large at diagnosis. The 
tunica vaginalis is usually intact, but unlike germ cell 
tumors, extension into the epididymis and spermatic 
cord is common, occurring in up to 50% of cases.37 The 
scrotal skin is rarely involved. Grossly, the tumor is not 
encapsulated but compresses the parenchyma to the 
periphery. The sonographic appearance of lymphoma is 
nonspecific and similar to that of seminoma. Most 
malignant lymphomas are homogeneous and hypoechoic, 
and they diffusely replace the testis;16 however, focal 
hypoechoic lesions can occur (Fig. 21-10). Hemorrhage 
and necrosis are rare.

Color flow Doppler imaging shows increased vascu-
larity in testicular lymphoma, and the appearance may 
resemble diffuse inflammation38 (Fig. 21-10, C ). Unlike 
inflammation, lymphoma is usually painless, and the 
testes are not tender to palpation.

Leukemia is the second most common metastatic 
testicular neoplasm. Primary testicular leukemia is rare, 
but leukemic infiltration of the testicle during bone 
marrow remission is common in children.16,39 The 
testis appears to act as a “sanctuary” site for leukemic 
cells during chemotherapy because of the blood-testis 
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FIGURE 21-10. Lymphoma, leukemia, and metastases. A to D, Lymphoma. Longitudinal scans show A, two subtle 
hypoechoic foci of lymphoma, and B, diffuse, homogeneous hypoechoic involvement of the testis. C, Longitudinal power Doppler image 
of B shows marked vascularity of lymphoma, with D, corresponding longitudinal scan. E, Leukemia. Longitudinal scan shows diffuse 
hypoechoic involvement. F, Melanoma metastasis. Longitudinal scan shows a hypoechoic mass in the upper pole of the testis and 
epididymis.
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toma elements, are the most common tumors to contain 
both cystic and solid components.

Cysts of the tunica albuginea are located within the 
tunica, which surrounds the testis. They vary in size from 
2 to 30 mm and are well defined. They are usually soli-
tary and unilocular but may be multiple or multilocu-
lar44,46 (Fig. 21-12, A). The mean age at presentation is 
40 years, but cysts also occur in the fifth and sixth 
decades.47 The cysts may be asymptomatic, but patients 
frequently present with cysts that are clinically palpable, 
firm scrotal nodules. Histologically, they are simple cysts 
lined with cuboid or low columnar cells and filled with 
serous fluid.48 Complex tunica albuginea cysts may simu-
late a testicular neoplasm.49 Careful scanning in multiple 
planes may help identify the benign nature of a tunica 
albuginea cyst.

Cysts of the tunica vaginalis are rare and arise from 
the visceral or parietal layer of the tunica vaginalis. They 
may be single or multiple. Sonographically, they usually 
appear anechoic but may have septations or may contain 
echoes caused by hemorrhage.50

Intratesticular cysts are simple cysts filled with clear 
serous fluid; they vary in size from 2 to 18 mm.51 Sono-
graphically, they are well-defined, anechoic lesions with 
thin, smooth walls and posterior acoustic enhancement. 
Hamm et al.44 reported that in all 13 of their cases, the 
cysts were located near the mediastinum testis, support-
ing the theory that they originate from the rete testis, 
possibly secondary to posttraumatic or postinflammatory 
stricture formation (Fig. 21-12. D-F ).

Tubular Ectasia of Rete Testis

Tubular ectasia of the rete testis can be mistaken for a 
testicular neoplasm.52-55 This tubular ectasia is usually 
associated with epididymal obstruction caused by inflam-
mation or trauma. Variably sized cystic lesions are seen 
in the region of the mediastinum testis with no associ-
ated soft tissue abnormality, and no flow on color flow 
Doppler imaging is seen (Fig. 21-12, B-D). Most of 
these lesions are bilateral and asymmetrical. There is 
frequently an associated spermatocele. The characteristic 
sonographic appearance and location should allow dis-
tinguishing this benign condition from a malignancy, 
thus avoiding an orchiectomy. Characteristic findings on 
magnetic resonance imaging (MRI) include intratesticu-
lar abnormal signal intensity similar to that of water in 
the region of the mediastinum testis.52

Cystic Dysplasia

Cystic dysplasia is a rare congenital malformation, 
usually occurring in infants and young children, although 
one case was reported in a 30-year-old man.56,57 This 
lesion is thought to result from an embryologic defect 
that prevents connection of the tubules of the rete testis 
and the efferent ductules. Pathologically, the lesion con-

mediastinum testis, neuroectodermal tumor, Brenner 
tumor, fibroma, fibrosarcoma, osteosarcoma, chondro-
sarcoma, and undifferentiated sarcoma.

Benign Intratesticular Lesions

Cysts

Testicular cysts are discovered incidentally on sonogra-
phy in 8% to 10% of the male population.44 Cystic 
testicular lesions are not always benign because testicular 
tumors (especially NSGCTs) may undergo cystic degen-
eration from hemorrhage or necrosis. The distinction 
between a benign cyst and a cystic neoplasm is of utmost 
clinical importance. Simple intratesticular cysts can be 
managed conservatively without the need for surgical 
intervention.45 Of the 34 cystic testicular masses discov-
ered with sonography by Hamm et al.,44 16 were neo-
plastic, and all of these had sonographic features of 
complicated cysts. NCGCTs, especially those with tera-

FIGURE 21-11. Dual transverse image shows mul-
tiple bilateral hamartomas. The patient had Cowden 
disease, an inherited autosomal dominant disorder, which causes 
multiple hamartomas in the gastrointestinal tract.
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Epidermoid Cysts

The epidermoid cyst is a benign, generally well-circum-
scribed tumor of germ cell origin, representing approxi-
mately 1% of all testicular tumors. These tumors occur 
at any age but are most common during the second to 
fourth decades.18 Usually, patients present with a pain-
less testicular nodule; one-third the tumors are discov-
ered incidentally on physical examination. Diffuse, 

sists of multiple, interconnecting cysts of various sizes 
and shapes, separated by fibrous septae. This lesion origi-
nates in the rete testis and extends into the adjacent 
parenchyma, resulting in pressure atrophy of the adja-
cent testicular parenchyma. The cysts are lined by a 
single layer of flat or cuboidal epithelium. Sonographi-
cally, the appearance is similar to acquired cystic dilation 
of the rete testis. Renal agenesis or dysplasia frequently 
coexists with testicular cystic dysplasia.57

A B C

D E F

G H I

FIGURE 21-12. Benign cystic lesions of the testis. A, Tunica albuginea cysts. Longitudinal scan shows two cysts arising 
from the tunica. These cysts are usually palpable. B and C, Cystic dilation in rete testis. Longitudinal and transverse scans show dilated 
tubules of the rete testis in both testes. D, Benign intratesticular cyst associated with dilated rete testis on longitudinal scan. E and F, 
Benign intratesticular cyst with multiple septations. G to I, Epidermoid cyst (benign). G, Typical whorled appearance; H, typical periph-
eral calcification. I, Transverse scan shows hypoechoic mass with central calcifications similar to other tumors on gray scale, but avascular 
on Doppler examination. (H courtesy Ben Hollenberg, MD, Presbyterian Hospital, Charlotte, NC.)
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distinguished from tumors on the basis of clinical 
symptoms.

In patients with acquired immunodeficiency syndrome 
(AIDS), distinguishing an abscess from a neoplastic 
process may be difficult on sonographic examination. 
Clinical findings may be helpful; however, orchiectomy is 
frequently necessary to obtain a histologic diagnosis.68,69

Segmental Infarction

Segmental testicular infarction may occur after torsion, 
trauma, bacterial endocarditis, vasculitis, leukemia, 
and hypercoagulable states.70 Spontaneous infarction of 
the testis is rare. The sonographic appearance depends on 
the age of the infarction. Initially, a typical segmental 
infarct is seen as a focal, wedge-shaped or round 
hypoechoic mass.71 The focal hypoechoic mass cannot be 
distinguished from a neoplasm on the basis of its gray-
scale sonographic appearance.72,73 These lesions should 
have reduced or absent blood flow, depending on the age 
of the infarction.71 If a well-circumscribed, nonpalpable, 
relatively peripheral, hypoechoic mass shows a complete 
lack of vascularity on power Doppler imaging or after the 
administration of sonographic contrast agent, it may be 
possible to distinguish such benign infarctions from neo-
plasm74,75 (Fig. 21-14). With time, the hypoechoic mass 
or the entire testicle often decreases in size and develops 
areas of increased echogenicity because of fibrosis or 
dystrophic calcification.67 The early sonographic appear-
ance may be difficult to distinguish from a testicular 
neoplasm, but infarcts decrease substantially in size, 
whereas tumors characteristically enlarge with time.1,73

Sarcoidosis

Sarcoidosis may involve the epididymis or the testis.76-78 
Genital involvement occurs in less than 1% of patients 
with systemic sarcoidosis.1 The clinical presentation is 
acute or recurrent epididymitis or painless enlargement 
of the testis or epididymis. Sonographically, sarcoid 
lesions are irregular, hypoechoic solid masses in the 
testis or epididymis (Fig. 21-15). Occasionally, hyper-
echoic, calcific foci with acoustic shadowing may be 
seen.10 Distinguishing sarcoidosis from an inflammatory 
process or a neoplasm is difficult on sonography alone. 
Resection or orchiectomy may be necessary for defini-
tive diagnosis.

Adrenal Rests

Congenital adrenal hyperplasia (CAH) is an autoso-
mal recessive disease involving an adrenocortical enzyme 
defect. This disease may become clinically obvious early 
in life or in early adulthood. Patients often present with 
a testicular mass or enlargement, and with precocious 
puberty, with or without salt-depletion syndrome. 
Adrenal rests arise from aberrant adrenocortical cells 

painless testicular enlargement occurs in 10% of patients. 
Pathologically, the tumor wall is composed of fibrous 
tissue with an inner lining of squamous epithelium. The 
cyst is filled with flaky, cheesy, white keratin. Although 
the histogenesis of epidermoid cysts is controversial, 
current opinion is that most are derived from epithelial 
rests or inclusions and have no malignant potential.58 
Also, epidermoid cysts may represent monomorphic or 
monodermal development of a teratoma along the line 
of ectodermal cell differentiation. These benign lesions 
can be differentiated from premalignant teratomas only 
through histologic examination.

Sonographically variable, epidermoid cysts are gener-
ally well-defined, avascular masses and may be multiple 
or bilateral.58 A characteristic whorled appearance, like 
the layers of an onion skin, corresponds to the alternat-
ing layers of compacted keratin and desquamated squa-
mous cells seen histologically59-61 (Fig. 21-12, G; Video 
21-2). This appearance, however, may not be pathogno-
monic because it may rarely be seen with teratoma.62 
Another typical appearance of epidermoid cyst is a well-
defined hypoechoic mass with an echogenic capsule that 
may be calcified (Fig. 21-12, H). There may be central 
calcification giving a “bull’s eye” or target appearance58 
(Fig. 21-12, I). Epidermoid cysts may also have the 
nonspecific appearance of a hypoechoic mass with or 
without calcifications and may resemble germ cell 
tumors. Avascularity is a clue to the diagnosis.61 When 
the sonographic appearance is characteristic, histologic 
confirmation is still obtained by a conservative testicle-
sparing approach with local excision (enucleation).63 
MRI has been used to support the sonographic diagnosis 
of epidermoid cysts if further confirmation is desired 
before testis-sparing surgery.64,65 Distinguishing an epi-
dermoid cyst from a teratoma requires careful pathologic 
examination of the cyst wall and adjacent testis.

Abscess

Testicular abscesses are usually a complication of epidid-
ymo-orchitis; they may also result from an undiagnosed 
testicular torsion, a gangrenous or infected tumor, or a 
primary pyogenic orchitis. Infectious causes of abscess 
formation are mumps, smallpox, scarlet fever, influ-
enza, typhoid, sinusitis, osteomyelitis, and appendi-
citis.66 A testicular abscess may rupture through the 
tunica vaginalis, resulting in formation of a pyocele or a 
fistula to the skin.

Most often, sonography shows an enlarged testicle 
containing a predominantly fluid-filled mass with 
hypoechoic or mixed echogenic areas (Fig. 21-13, A). In 
one atypical appearance, the testicular architecture  
was disrupted with hyperechoic striations separating 
hypoechoic spaces67 (Fig. 21-13, B and C ). The stria-
tions were thought to be fibrous septa in the hypoechoic, 
necrotic testicular parenchyma. Testicular abscesses have 
no diagnostic sonographic features but can often be  
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Splenogonadal Fusion

Splenogonadal fusion is a rare congenital anomaly in 
which there is fusion of the spleen and gonad. It usually 
occurs on the left side and is most often associated with 
cryptorchidism.81 There are two types of splenogonadal 
fusion: continuous and discontinuous. In the more 
common continuous form, the gonad is linked to the 
spleen by a fibrous cord of splenic tissue. In the discon-
tinuous form, ectopic splenic tissue is attached to the 
testis. Rarely, ectopic splenic tissue may occur on the 
epididymis or spermatic cord. Splenogonadal fusion may 
mimic testicular malignancy. The diagnosis may be 
established by documenting uptake on a technetium-
99m sulfur colloid scan.

that migrate with gonadal tissues in the fetus. They can 
form tumorlike masses in response to elevated levels of 
circulating corticotropin in CAH and Cushing’s syn-
drome and rarely may undergo malignant transforma-
tion. On sonography, these lesions are multifocal 
hypoechoic lesions (Fig. 21-16). Occasionally, posterior 
acoustic shadowing has been described. Many adrenal 
rests demonstrate spokelike vascularity with multiple 
peripheral vessels radiating toward a central point within 
the mass. Usually, if the patient has the appropriate 
hormonal abnormalities associated with CAH and if 
sonography shows the appropriate findings, no further 
work-up is necessary.79,80 If confirmation of the diagnosis 
is required, a biopsy under ultrasound guidance may be 
obtained intraoperatively when the testis is exposed.

A B

C

FIGURE 21-13. Testicular abscesses. A, Typical 
hypoechoic testicular abscess (thin arrow) is indistinguish-
able from a tumor. However, enhanced posterior sound 
transmission (thick arrow) suggests that the mass is primar-
ily fluid. B, Transverse gray-scale, and C, color Doppler, 
images shows echogenic and hypoechoic areas in testicular 
abscess with increased vascularity in the developing abscess. 
This appearance is similar to neoplasms, and a history is 
required to distinguish them.
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an associated soft tissue mass are characteristic of a large-
cell calcifying Sertoli cell tumor, although occasionally, 
burned-out germ cell tumors may have a similar 
appearance.82 Scattered calcifications may be found in 
tuberculosis, filariasis, and scarring from regressed 
germ cell tumor or trauma.

Testicular microlithiasis is a condition in which cal-
cifications are present within the seminiferous tubules of 
the testis either unilaterally or bilaterally. It is postulated 
that microlithiasis is caused by defective Sertoli cell 
phagocytosis of degenerating tubular cells, which then 
calcify within the seminiferous tubules.83,84 Microlithia-
sis has been classified as diffuse and limited.85 In the 
diffuse form, innumerable small, hyperechoic foci are 
diffusely scattered throughout the testicular parenchyma. 
These tiny (1-3 mm) foci rarely show a shadow and 
occasionally show a comet-tail appearance (Fig. 21-17). 
In the limited form, previously thought to be insignifi-
cant, less than five hyperechoic foci are seen per image 
of the testis (Fig. 21-17, B).

Scrotal Calcifications

Scrotal calcifications may be seen within the parenchyma 
of the testicle, on the surface of the testicle, or freely 
located in the fluid between the layers of the tunica vagi-
nalis. Large, smooth, curvilinear calcifications without 

A B

C D

FIGURE 21-14. Testicular infarcts: spectrum of appearances. A and B, Acute infarct. A, Longitudinal power Doppler 
scan shows an avascular area at the upper pole from partial torsion. B, Longitudinal color Doppler scan shows an avascular area in the 
midtestis caused by vasculitis. C and D, Chronic infarct. C, Longitudinal scan shows a peripheral wedge-shaped hypoechoic area caused 
by prior mumps orchitis. D, Longitudinal power Doppler scan shows lack of vascularity in the lower pole.

FIGURE 21-15. Testicular sarcoid. Longitudinal scan of 
the testis shows multiple, small, hypoechoic, solid masses resulting 
from sarcoid.



FIGURE 21-16. Adrenal rest. Intraoperative color Doppler 
image shows an intratesticular mass (arrows) with blood flow 
present near the mediastinum testis.
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FIGURE 21-17. Microlithiasis and associated testicular tumors: spectrum of appearances. A, Light microscopy 
examination shows multiple intratubular calcifications (dark areas) characteristic of microlithiasis. B, Longitudinal scan shows a few tiny 
calcifications of limited microlithiasis. C and D, Diffuse microlithiasis. E, Transverse scan of testis shows microlithiasis and partially cystic 
mass caused by mixed germ cell tumor. F, Limited microlithiasis with seminoma. Longitudinal scan shows a few tiny calcifications and 
a homogeneous hypoechoic mass. G, Microlithiasis and two foci of seminoma. Longitudinal scan shows multiple tiny calcifications and 
two hypoechoic homogeneous masses (arrows). H and I, Microlithiasis and seminoma. H, Longitudinal scan shows large hypoechoic mass 
with multiple small and coarser calcifications. I, Dual transverse image shows large hypoechoic left testicular mass and microcalcifications 
in the right testis.
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above the testis and epididymis106 (Fig. 21-19, A-C ). 
Hydrocele is the most common cause of painless scrotal 
swelling10 and may be congenital or acquired. The con-
genital type results from incomplete closure of the pro-
cessus vaginalis, with persistent open communication 
between the scrotal sac and the peritoneum, usually 
resolving by 18 months of age. Acquired hydroceles 
may be idiopathic or caused by epididymitis, epididymo-
orchitis, torsion, and rarely tumors. Hydroceles associ-
ated with testicular tumors are usually small.1,107,108 
Sonography is useful in detecting a potential cause of the 
hydrocele by allowing evaluation of the testicle when a 
large hydrocele hampers palpation. Hydroceles are char-
acteristically anechoic collections with good sound trans-
mission surrounding the anterolateral aspects of the 
testis. Low-level to medium-level echoes from fibrin 
bodies or cholesterol crystals may occasionally be visual-
ized moving freely within a hydrocele.109 Rarely, a large 
hydrocele may impede testicular venous drainage and 
cause absence of antegrade arterial diastolic flow.107

Hematoceles and pyoceles are less common than 
simple hydroceles. Hematoceles result from trauma, 
surgery, neoplasms, or torsion.110 Pyoceles result from 
rupture of an abscess into an existing hydrocele or 
directly into the space between the layers of the tunica 
vaginalis. Both hematoceles and pyoceles contain inter-
nal septations and loculations (Fig. 21-19, D-F ). Thick-
ening of the scrotal skin and calcifications may be seen 
in chronic cases.

Varicocele

A varicocele is a collection of abnormally dilated, tortu-
ous, and elongated veins of the pampiniform plexus 

Microlithiasis is seen in 1% to 2% of the patients 
referred for testicular sonography and has a reported 
prevalence in the general population of 0.6% to 0.9%.86 
Microlithiasis has been associated with cryptorchidism, 
Klinefelter’s syndrome, Down syndrome, pulmonary 
alveolar microlithiasis, AIDS, neurofibromatosis, previ-
ous radiotherapy, and subfertility.83,86-88 Most impor-
tantly, many reports associate microlithiasis with 
testicular germ cell neoplasms (seminoma or nonsemi-
noma), intratubular germ cell neoplasia, and extrates-
ticular germ cell tumor85,89-98 (Fig. 21-17). There is 
general agreement that an association with malignancy 
exists, but controversy surrounds the strength of this 
association and the significance of limited microlithia-
sis.99-104 Prospective data show that coexisting testicular 
tumors occur more frequently in patients who have both 
diffuse and limited microlithiasis, occurring in 5% to 
10% of patients.85 Despite case reports, it is not yet clear, 
however, whether the incidence of de novo testicular 
tumors is significantly increased in patients with preex-
isting microlithiasis.97 Therefore, no consensus exists on 
the appropriate follow-up (clinical or radiologic) for 
patients with testicular microlithiasis. Annual sonogra-
phy is usually recommended if there are additional risk 
factors such as infertility, testicular atrophy, or contra-
lateral testicular malignancy. Annual physical examina-
tion and periodic self-examination are suggested for 
those who have no additional risk factors.85,86,99,100

Extratesticular scrotal calculi arise from the surface 
of the tunica vaginalis and may break loose to migrate 
between the two layers of the tunica (Fig. 21-18). These 
fibrinoid loose bodies have been called scrotal pearls 
because of their macroscopic appearance, which is usually 
round, pearly white, and rubbery. Histologically, they 
consist of fibrinoid material deposited around a central 
nucleus of hydroxyapatite.105 They may result from 
inflammation of the tunica vaginalis or torsion of the 
appendix testis or epididymis. Hydroceles facilitate the 
sonographic diagnosis of scrotal calculi.

Extratesticular Pathologic Lesions

Hydrocele, Hematocele, and Pyocele

Serous fluid, blood, pus, or urine may accumulate in the 
space between the parietal and visceral layers of the tunica 
vaginalis lining the scrotum. These fluid collections are 
confined to the anterolateral portions of the scrotum 
because of the attachment of the testis to the epididymis 
and scrotal wall posteriorly (the bare area)5 (Fig. 21-19). 
The normal scrotum contains a few milliliters of serous 
fluid between the layers of the tunica vaginalis, and this 
is usually visible on sonographic examination.

Hydrocele is an abnormal accumulation of serous 
fluid between the layers of the tunica vaginalis. Rarely, 
hydrocele may be loculated around the spermatic cord 
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in 98% of cases and are most common in men age 15 
to 25 years. The left-sided predominance probably 
occurs because the venous drainage on the left side is 
into the renal vein, as opposed to the right spermatic 
vein, which drains directly into the vena cava. Idiopathic 
varices normally distend when the patient is upright or 
performs the Valsalva maneuver and may decompress 
when the patient is supine. Primary varicoceles are bilat-
eral in up to 70% of cases.

Secondary varicoceles result from increased pres-
sure on the spermatic vein or its tributaries by marked 
hydronephrosis, an enlarged liver, abdominal neoplasms, 
or venous compression by a retroperitoneal mass.19 Sec-
ondary varicocele may also occur in the nutcracker 

located posterior to the testis, accompanying the epi-
didymis and vas deferens within the spermatic cord10 
(Fig. 21-20). The veins of the pampiniform plexus nor-
mally range from 0.5 to 1.5 mm in diameter, with a 
main draining vein up to 2 mm in diameter.

There are two types of varicoceles: primary (idio-
pathic) and secondary. The idiopathic varicocele is 
caused by incompetent valves in the internal spermatic 
vein, which permit retrograde passage of blood through 
the spermatic cord into the pampiniform plexus. Vari-
cocele affects approximately 15% of men, but occurs in 
up to 40% of men attending infertility clinics.111,112 Vari-
cocele is the most common correctable cause of male 
infertility.113 Idiopathic varicoceles occur on the left side 

A B

C D

FIGURE 21-18. Benign intrascrotal calcification. A, Calcified tunica plaque on the tunica vaginalis. B to D, Scrotal pearls. 
B, Mobile scrotal calcification in a small hydrocele. C, Longitudinal scan shows a mostly calcified scrotal pearl (arrow) in a hydrocele; 
T, testis. D, Bilateral scrotal pearls.
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FIGURE 21-19. Scrotal fluid collections: spectrum of appearances. A, Hydrocele. Transverse scan shows hydrocele 
anterolaterally with attachment of testis to tunica vaginalis posteriorly. B, Hydrocele. Fluid outlines appendix testis (arrow). C, Hydrocele 
of cord. Longitudinal scan of inguinal region shows elongated fluid collection above the level of the testis and epididymis. D, Hematocele. 
Transverse scan shows loculated fluid with internal echoes. E, Hematocele. Transverse scan shows fluid with internal echoes and linear 
membranes. F, Pyocele. Transverse scan shows fluid collection with internal echoes.
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ticular, either in a subcapsular location or around the 
mediastinum testis115,116 (Fig. 21-22).

Scrotal Hernia

A scrotal hernia is another common paratesticular mass. 
Although scrotal hernias are usually diagnosed on the 
basis of clinical history and physical examination, sonog-
raphy is useful in the evaluation of atypical cases. The 
hernia may contain small bowel or colon, with or without 
omentum. The presence of bowel loops within the 
hernia may be confirmed by the visualization of valvulae 
conniventes or haustrations and detection of peristalsis 
on real-time examination. If these features are absent, 
distinguishing a hernia from other extratesticular multi-
cystic masses, such as hematoceles and pyoceles, may be 
difficult. The presence of highly echogenic material 
within the scrotum may result from a hernia-containing 
omentum or other fatty masses such as lipomas (Fig. 
21-23). Hernias occur anteromedial to the spermatic 
cord, whereas lipomas are lateral or inferior to the cord.117 
Sonographic examination of the inguinal canal may 
identify the extension of omentum or bowel loops from 
the inguinal canal into the scrotum.

Tumors

Extratesticular scrotal neoplasms are rare and usually 
involve the epididymis. Most extratesticular neoplasms 
in adults are benign, but extratesticular neoplasms in 
children are frequently malignant.118 The most common 

syndrome (nutcracker phenomenon), in which the 
superior mesenteric artery compresses the left renal 
vein.114 A search for neoplastic obstruction of gonadal 
venous return must be undertaken in cases of a right-
sided, nondecompressible, or newly discovered varico-
cele in a patient older than 40 years because these cases 
are rarely idiopathic10 (Fig. 21-21). The appearance of 
secondary varicoceles is not affected by patient 
position.

In infertile men, sonography aids in the diagnosis of 
clinically palpable and subclinical varicoceles. Sonogra-
phy is also of value in assessing testicular size before and 
after treatment, because varicocele may be associated 
with a decreased testicular volume.112 There is poor cor-
relation between the size of the varicocele and the degree 
of testicular tissue damage leading to infertility.

Sonographically, the varicocele consists of multiple, 
serpentine, anechoic structures more than 2 mm in 
diameter, creating a tortuous, multicystic collection 
located adjacent or proximal to the upper pole of the 
testis and head of the epididymis. A high-frequency 
transducer in conjunction with low-flow Doppler set-
tings should be used to optimize slow-flow detection 
within varices. Slowly moving red blood cells may be 
visualized with high-frequency transducers, even when 
flow is too slow to be detected by Doppler imaging. 
Venous flow can be augmented with the patient in the 
upright position or during Valsalva maneuver (Video 
21-3). Varicoceles follow the course of the spermatic 
cord into the inguinal canal and are easily compressed 
by the transducer.1 Rarely, varicoceles may be intrates-

A B

FIGURE 21-20. Varicocele. A, Longitudinal, and B, color Doppler, images show serpentine, hypoechoic, dilated veins posterior to 
the testis. The blood flow in a varicocele is slow and may be detected only with low-flow Doppler settings or the Valsalva maneuver.
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A B

C

FIGURE 21-21. Varicocele caused by retroperitoneal paraganglioneuroma. A, Longitudinal scan shows extremely 
dilated veins of large, right varicocele. B, Transverse abdominal sonogram shows paraganglioneuroma (arrow) adjacent to the inferior vena 
cava (I); A, aorta; GB, gallbladder. C, Axial CT scan shows the vascular mass (arrows) adjacent to inferior vena cava.

FIGURE 21-22. Intratesticular varicocele. Longitudi-
nal scan shows the dilated vein.

FIGURE 21-23. Herniated mesenteric fat. Longitudi-
nal scan shows herniated fat (H) above testis (T) and epididymis 
(E).
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circumscribed mass with echogenicity that is at least as 
great as the testis.1 It may also be hypoechoic.

Other benign extratesticular tumors are rare and 
include fibromas, hemangiomas, lipomas (Fig. 21-24, 
F), leiomyomas (Fig. 21-24, G), neurofibromas, and 
cholesterol granulomas. Adrenal rests may also be 
encountered in the spermatic cord, testis, epididymis, 
rete testis, and tunica albuginea in approximately 10% 
of infants.

Papillary cystadenomas of the epididymis may be 
seen in patients with Hippel-Lindau disease. These 

extratesticular neoplasm in adults is the benign adeno-
matoid tumor.15 It is most frequently located in the 
epididymis, especially in the tail, but may also arise in 
the spermatic cord or testicular tunica (Fig. 21-24, D 
and E). This neoplasm occasionally invades adjacent tes-
ticular parenchyma. It may occur at any age but most 
often affects patients age 20 to 50 years.1,119 Adenoma-
toid tumors are generally unilateral, solitary, well defined, 
and round or oval, rarely measuring more than 5 cm in 
diameter. Occasionally, they may appear plaquelike and 
poorly defined. Sonography usually shows a solid, well-

A B C

D E F

G H I

FIGURE 21-24. Extratesticular scrotal solid masses: spectrum of appearances (T, testis). A, Chronic epididy-
mitis. Longitudinal scan of the scrotum shows mass in the tail of the epididymis. B, Sperm granuloma. Longitudinal scan shows 
hypoechoic solid mass (arrows) posterior to the testis in a patient with vasectomy. C, Fibrous pseudotumor. Longitudinal scan shows a 
mass of mixed echogenicity inferior to the testis. D, Benign adenomatoid tumor of epididymis. Longitudinal scan shows a hypoechoic 
mass (arrows) in the tail. E, Benign adenomatoid tumor of the tunica. Longitudinal scan shows a hyperechoic mass (arrows). F, Intra-
scrotal lipoma. Longitudinal scan shows a hyperechoic mass inferior to the testis. G, Leiomyoma of cord. Longitudinal scan shows a 
solid mass superior to the testis. H, Rhabdomyosarcoma. Longitudinal extended–field of view scan in a 12-year-old shows a large, para-
testicular mass inferior to the testis. I, Metastasis from lung carcinoma. Longitudinal scan shows a mass in the tail of the epididymis.
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tumors are considered hamartomas and are usually 
found in the epididymal head.50 Primary extratesticular 
scrotal malignant neoplasms include fibrosarcoma, 
liposarcoma, histiocytoma, and lymphoma in adults 
and rhabdomyosarcoma in children (Fig. 21-24, H). 
Size of the lesion and the presence of color flow may be 
helpful in the diagnosis of extratesticular scrotal 
masses.120,121 Larger masses (>1.5 cm) with prominent 
color flow that present without clinical symptoms of 
inflammation are more likely to be malignant.

Metastatic tumors to the epididymis are also rare. The 
most common primary sites include the testicle, stomach, 
kidney, prostate, colon, and less often the pancreas122,123 
(Fig. 21-24, I).

Epididymal Lesions

Sperm Granuloma

Sperm granulomas are thought to arise from extravasa-
tion of spermatozoa into the soft tissues surrounding the 
epididymis, producing a necrotizing granulomatous 
response.1 These lesions may be painful or asymptom-
atic, and they are most often found in patients after 
vasectomy. Sperm granulomas may also be associated 
with prior epididymal infection or trauma. The typical 
sonographic appearance is that of a solid, hypoechoic or 
heterogeneous mass, usually located in the epididymis, 
although it may simulate an intratesticular lesion (Fig. 
21-24, B). Chronic sperm granuloma may contain 
calcification.124

Fibrous Pseudotumor

Fibrous pseudotumor is a rare, nonneoplastic mass of 
reactive fibrous tissue that may involve the tunica  
vaginalis or epididymis. On sonography, fibrous pseudo-
tumors may appear as hypoechoic, hyperechoic, or het-
erogeneous paratesticular masses125-127 (Fig. 21-24, C ).

Cystic Lesions

Spermatoceles are more common than epididymal 
cysts. Both were seen in 20% to 40% of all asymptom-
atic patients studied by Leung et al.,128 and 30% were 
multiple cysts. Both epididymal cysts and spermatoceles 
are thought to result from dilation of the epididymal 
tubules, but the contents of these masses differ.10 Cysts 
contain clear serous fluid, whereas spermatoceles are 
filled with spermatozoa and sediment containing lym-
phocytes, fat globules, and cellular debris, giving the 
fluid a thick, milky appearance.1 Both lesions may result 
from prior episodes of epididymitis or trauma. Sper-
matoceles and epididymal cysts appear identical on 
sonography: anechoic, circumscribed masses with no or 
few internal echoes; loculations and septations are often 
seen (Fig. 21-25). Rarely, a spermatocele may be hyper-

echoic.5 Differentiation between a spermatocele and an 
epididymal cyst is rarely important clinically. Spermato-
celes almost always occur in the head of the epididymis, 
whereas epididymal cysts arise throughout the length of 
the epididymis.

Postvasectomy Changes in Epididymis

Sonographic changes in the epididymis are very common 
in patients after vasectomy.129,130 These findings include 
epididymal enlargement with tubular ectasia and the 
development of sperm granulomas and cysts (Fig. 21-26; 
Video 21-4). It is assumed that vasectomy produces 
increased pressure in the epididymal tubules, causing 
tubular rupture with subsequent formation of sperm 
granulomas. The dilated vas deferens may be seen in 
addition to the dilated epididymis. An unusual appear-
ance described as “dancing megasperm” is occasionally 
seen in patients with vasectomy (Video 21-5). High 
reflective echoes within the dilated epididymis appear to 
move independently, shown histologically to be aggrega-
tions of spermatozoa and macrophages.131

Chronic Epididymitis

Patients with incompletely treated acute bacterial epi-
didymitis usually present with a chronically painful 
scrotal mass (Fig. 21-24, A). Patients with chronic gran-
ulomatous epididymitis caused by spread of tuberculo-
sis from the genitourinary tract complain of a hard, 
nontender scrotal mass.10 Sonography most often shows 
a thickened tunica albuginea and a thickened, irregular 
epididymis (Fig. 21-27). Calcification may be identified 
within the tunica albuginea or epididymis.1 Untreated 
granulomatous epididymitis will spread to the testes in 
60% to 80% of cases. Focal testicular involvement may 
simulate the appearance of a testicular neoplasm on 
sonography.

ACUTE SCROTAL PAIN

The differential diagnosis of an acutely painful and 
swollen scrotum includes torsion of the spermatic cord 
and testis, torsion of a testicular appendage, epididymitis 
or orchitis, acute hydrocele, strangulated hernia, idio-
pathic scrotal edema, Henoch-Schönlein purpura, 
abscess, traumatic hemorrhage, hemorrhage into a tes-
ticular neoplasm, and scrotal fat necrosis. Torsion of 
the spermatic cord and acute epididymitis or epidi-
dymo-orchitis are the most common causes of acute 
scrotal pain. These entities cannot be distinguished by 
physical examination or laboratory tests in up to 50% of 
patients.132 Immediate surgical exploration has been 
advised in boys and young men with acute scrotal pain, 
unless a definitive diagnosis of epididymitis or orchitis 
can be made. This aggressive approach has resulted in an 
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FIGURE 21-25. Extratesticular scrotal cysts: spectrum of appearances. A, Spermatocele. Longitudinal scan shows 
an anechoic cyst in head of the epididymis. B, Spermatocele. Longitudinal scan shows a large cyst containing internal echoes in head of 
the epididymis. C, Septate spermatocele. Longitudinal scan shows a septate cyst in head of the epididymis. D, Epididymal cyst. Lon-
gitudinal scan shows a cyst in body of the epididymis. E, Cyst of vas deferens remnant. Longitudinal scan shows a cyst with internal 
echoes inferior to the testis (surgically proven). F, Epidermoid inclusion cyst of epididymis. Longitudinal color Doppler scan shows 
bilobed cystic mass in head of the epididymis surrounded by vessels.
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power Doppler is the imaging study of choice to diag-
nose the cause of acute scrotal pain.

Torsion

Torsion is more common in boys than in men, and it 
represents only 20% of the acute scrotal pathologic phe-
nomena in postpubertal males.1 However, prompt diag-
nosis is necessary because torsion requires immediate 
surgery to preserve the testis. The testicular salvage rate 
is 80% to 100% if surgery is performed within 5 to 6 
hours of the onset of pain, 70% if surgery is performed 
within 6 to 12 hours, and only 20% if surgery is delayed 
for more than 12 hours.134

There are two types of testicular torsion: intravaginal 
and extravaginal. Intravaginal torsion is the more 
common type, occurring most frequently at puberty. It 
results from anomalous suspension of the testis by a 
long stalk of spermatic cord, resulting in complete 
investment of the testis and epididymis by the tunica 
vaginalis. This anomaly has been likened to a bell-clap-
per (Fig. 21-28). Anomalous testicular suspension is 
bilateral in 50% to 80% of patients. There is a tenfold 
greater incidence of torsion in undescended testes after 
orchiopexy. Extravaginal torsion most often occurs in 
newborns without the “bell clapper” deformity. It is 
thought to result from a poor or absent attachment of 
the testis to the scrotal wall, allowing rotation of the 
testis, epididymis, and tunica vaginalis as a unit and 
causing torsion of the cord at the level of the external 
ring135,136 (Fig. 21-28, D). The more compliant veins 
are obstructed before the arteries in both forms of 
torsion, resulting in early vascular engorgement and 
edema of the testicle.

increased testicular salvage rate from torsion, but also an 
increase in unnecessary surgical procedures. Testicular 
radionuclide scintigraphy, MRI, real-time sonography, 
and Doppler sonography have been used to increase  
the accuracy of distinguishing between infection and 
torsion.133 Currently, sonography using color flow or 

FIGURE 21-26. Postvasectomy change in epididy-
mis. Longitudinal image of the scrotum shows tubular ectasia of 
the epididymis in a patient who had a vasectomy.

A B

FIGURE 21-27. Tuberculous epididymo-orchitis. A, Longitudinal scan shows a heterogeneous mass with calcification involving 
the head and body of the epididymis and the adjacent testis (T). B, Longitudinal color Doppler image shows increased vascularity in the 
epididymis and adjacent testis.

CAUSES OF ACUTE SCROTAL PAIN

Torsion of the testis
Epididymo-orchitis
Testicular appendage torsion
Strangulated hernia
Idiopathic scrotal edema
Trauma
Henoch-Schönlein purpura
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seen on sonography or MRI137,143,144 (Fig. 21-29, G and 
H). The epididymis may be enlarged and heterogeneous 
because of hemorrhage and may be difficult to separate 
from the torsion knot of the spermatic cord. This spheri-
cal epididymis-cord complex can be mistaken for epi-
didymitis.137 A reactive hydrocele and scrotal skin 
thickening are often seen with torsion. Large, echogenic 
or complex extratesticular masses caused by hemorrhage 
in the tunica vaginalis or epididymis may be seen in 
patients with undiagnosed torsion.145 The gray-scale 
findings of acute and subacute torsion are not specific 
and may be seen in testicular infarction caused by epi-
didymitis, epididymo-orchitis, and traumatic testicular 
rupture or infarction.

Color Doppler sonography is the most useful and 
most rapid technique to establish the diagnosis of tes-
ticular torsion and to help distinguish torsion from 
epididymo-orchitis132,139,146 (Fig. 21-29). In torsion, 
blood flow is absent in the affected testicle or signifi-
cantly less than in the normal, contralateral testicle. 
Meticulous scanning of the testicular parenchyma with 
the use of low-flow detection Doppler settings (low pulse 
repetition frequency, low wall filter, high Doppler gain) 
is important because testicular vessels are small and have 
low flow velocities, especially in prepubertal boys. Color 
flow Doppler sonography is more sensitive for showing 
decreased testicular flow in incomplete torsion than is 
nuclear scintigraphy.147 Power Doppler and frequency 
shift color Doppler sonography are used, although the 
techniques appear to have equivalent sensitivity in the 
diagnosis of torsion.148-153 In testicular torsion, color 
Doppler sonography has a sensitivity of 80% to 98%, a 
specificity of 97% to 100%, and an accuracy rate of 
97%.137,146,154 The use of intravascular contrast agents in 
sonography may improve the sensitivity of detecting 
blood flow in the scrotum, but this has not yet been 
proved in a large series.150 In pediatric patients, it may 
be difficult to document flow in a normal testis.155 In 
practice, many surgeons elect to explore the testis surgi-
cally if clinical symptoms and signs are suggestive and 
results of the sonographic examination are equivocal.

Potential pitfalls in using sonography in the diagnosis 
of torsion are partial torsion, torsion/detorsion, and 
ischemia from orchitis. Torsion of at least 540 degrees 
is necessary for complete arterial occlusion.146,156 With 
partial torsion of 360 degrees, or less, arterial flow may 
still occur, but venous outflow is often obstructed, 
causing diminished diastolic arterial flow on spectral 
Doppler examination157,158 (Fig. 21-29). If spontaneous 
detorsion occurs, flow within the affected testis may be 
normal, or it may be increased and mimic orchitis.159 
Spontaneous detorsion rarely occurs and leaves a seg-
mental testicular infarction.74,75 Segmental testicular 
infarction may also occur with Henoch-Schönlein 
purpura or with orchitis (see Fig. 21-14). Orchitis may 
also cause global ischemia of the testis and mimic 
torsion.159

Several gray-scale sonographic changes occur in the 
acute phase of torsion, within 1 to 6 hours.132,137,138 Ini-
tially the testis becomes enlarged, with a normal echo-
genicity, and later it becomes heterogeneous and 
hypoechoic compared with the contralateral normal 
testis139-141 (Fig. 21-29). A hypoechoic or heterogeneous 
echogenicity may indicate nonviability.142 Generalized 
testicular hyperechogenicity has been reported in the 
absence of histologic changes of testicular hemorrhage or 
infarction.140

Torsion may change the position of the long axis of 
the testis (Fig. 21-29, B). Extratesticular sonographic 
findings typically occur in torsion and are important to 
recognize. The spermatic cord immediately cranial to the 
testis and epididymis is twisted, causing a characteristic 
torsion knot or “whirlpool pattern” of concentric layers 

A B

C D
FIGURE 21-28. “Bell clapper” anomaly, intravagi-
nal torsion, and extravaginal torsion. A, Normal 
anatomy. The tunica vaginalis (arrows) does not completely sur-
round the testis and epididymis, which are attached to the poste-
rior scrotal wall (short arrow). B, Bell-clapper anomaly. The 
tunica vaginalis (arrows) completely surrounds the testis, epididy-
mis, and part of the spermatic cord, predisposing to torsion.  
C, Intravaginal torsion. Bell-clapper anomaly with complete 
torsion of the spermatic cord, compromising the blood supply to 
the testis. D, Extravaginal torsion in a neonate. Tunica vaginalis 
(arrows) is in normal position, but abnormal motility allows rota-
tion of the testis, epididymis, and spermatic cord.
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In subacute or chronic torsion, color Doppler shows 
no flow in the testis and increased flow in the parates-
ticular tissues, including the epididymis-cord complex 
and dartos fascia (Fig. 21-29).

Torsion of the testicular appendage is a common 
cause of acute scrotal pain and may mimic testicular 

A B C

D E F

G H I

FIGURE 21-29. Torsion of spermatic cord and testis: spectrum of appearances. A to D, Acute torsion. Longitu-
dinal power Doppler scans show A, no flow in the testis, and B, abnormal, transverse, and vertical orientation of the testis with no flow. 
C, After manual detorsion of case in B, longitudinal color Doppler scan shows the normal orientation of the testis with blood flow present. 
The testis has a striated appearance caused by the previous ischemia. D, Dual transverse gray-scale scan shows enlarged hypoechoic right 
testis resulting from torsion and skin thickening in the right hemiscrotum. E, Partial torsion. Longitudinal scan with spectral Doppler 
shows a high-resistance testicular arterial waveform with little diastolic flow because of venous occlusion; small, reactive hydrocele was 
found. F, After spontaneous detorsion of case in E, longitudinal scan with spectral Doppler shows return of diastolic flow. G, Torsion 
knot. Longitudinal scan with acute spermatic cord torsion shows the “torsion knot” complex of epididymis and spermatic cord. H, Acute 
torsion. Intraoperative photograph shows the twisted spermatic cord that gives the torsion knot appearance on sonograph. I, Subacute 
torsion (3 days of pain). Transverse power Doppler scan shows absent flow within the testis with surrounding hyperemia. (H from Winter 
TC. Ultrasonography of the scrotum. Appl Radiol 2002;31(3). H courtesy Drs. R.E. Berger, University of Washington, Seattle, and T.C. Winter, 
University of Wisconsin, Madison.)

torsion clinically. Patients are rarely referred for imaging 
because the pain is usually not severe, and the twisted 
appendage may be evident clinically as the “blue dot” 
sign.160 The sonographic appearance of the twisted tes-
ticular appendage has been described as an avascular 
hypoechoic mass adjacent to a normally perfused testis 
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sion in the epididymis and cord.167 When vascular dis-
ruption is severe, resulting in complete testicular 
infarction, the changes are indistinguishable from those 
seen in testicular torsion. Color Doppler sonography 
may show focal areas of reactive hyperemia and increased 
blood flow associated with relatively avascular areas of 
infarction in both the testis and the epididymis in 
patients with severe epididymo-orchitis. Diastolic flow 
reversal in the arterial waveforms of the testis is an 
ominous finding, associated with testicular infarction in 
severe epididymo-orchitis168 (Fig. 21-31, B).

In addition to infarction, other complications of acute 
epididymo-orchitis include abscess and pyocele (see Figs. 
21-13 and 21-19, F). Chronic changes may be seen in 
the epididymis or testis from clinically resolved epidid-
ymo-orchitis. Swelling of the epididymis may persist and 
appear as a heterogeneous mass on sonography (see Fig. 
21-24, A). The testis may have a persistent, striated 
appearance of septal accentuation from fibrosis (Figs. 
21-32 and 21-33). This striated appearance of the testis 
is nonspecific and may also be seen after ischemia from 
torsion or during a hernia repair.166,169 A similar hetero-
geneous appearance in the testis may be seen in elderly 
patients because of seminiferous tubule atrophy and 
sclerosis.170 Focal areas of infarction in the testis may 
persist as wedge-shaped or cone-shaped hypoechoic areas 
or may appear as hyperechoic scars.166 If complete infarc-
tion of the testis has occurred because of epididymo-
orchitis, the testis may become small, with a hypoechoic 
or heterogeneous echotexture.

Fournier Gangrene

Fournier gangrene is a necrotizing fasciitis of the 
perineum occurring most frequently in men age 50 to 
70 years who are debilitated or who have diabetes mel-
litus.131 Multiple organisms are usually involved, includ-
ing Klebsiella, Streptococcus, Proteus, and Staphylococcus. 
Surgical debridement of devitalized tissue is usually 
required, and morbidity and mortality are high without 
prompt treatment. Ultrasound may be helpful in diag-
nosis by showing scrotal wall thickening containing gas.

TRAUMA

Prompt diagnosis of a ruptured testis is crucial because 
of the direct relationship between early surgical interven-
tion and testicular salvageability. Approximately 90% of 
ruptured testicles can be saved if surgery is performed 
within the first 72 hours, whereas only 45% may be 
salvaged after 72 hours.171

Clinical diagnosis is often impossible because of 
marked scrotal pain and swelling, and sonography can 
be valuable in the assessment of tunica albuginea integ-
rity and the extent of testicular hematoma.81,171-173 Sono-
graphic features include focal areas of altered testicular 

and surrounded by an area of increased color Doppler 
perfusion.146 However, the twisted appendage may 
appear as an echogenic extratesticular mass situated 
between the head of the epididymis and the upper pole 
of the testis.161

Epididymitis and 
Epididymo-orchitis

Epididymitis is the most common cause of acute scrotal 
pain in postpubertal men, causing 75% of all acute intra-
scrotal inflammatory processes. It usually results from a 
lower urinary tract infection and is less often hematog-
enous or traumatic in origin. The common causative 
organisms are Escherichia coli, Pseudomonas, and Klebsi-
ella. Sexually transmitted organisms causing urethritis, 
such as gonococci and chlamydiae, are common causes 
of epididymitis in young men. Less frequently, epididy-
mitis may be caused by tuberculosis, mumps, or syphi-
litic orchitis.162,163 The age of peak incidence is 40 to 50 
years. Typically, patients present with the insidious onset 
of pain, which increases over 1 to 2 days. Fever, dysuria, 
and urethral discharge may also be present.

In acute epididymitis, sonography characteristically 
shows thickening and enlargement of the epididymis, 
involving the tail initially and frequently spreading to the 
entire epididymis164 (Fig. 21-30, A and B). The echo-
genicity of the epididymis is usually decreased, and its 
echotexture is often coarse and heterogeneous, probably 
because of edema or hemorrhage, or both. Reactive 
hydrocele formation is common, and associated skin 
thickening may be seen. Color flow Doppler sonography 
usually shows increased blood flow in the epididymis or 
testis, or both, compared with the asymptomatic side165 
(Fig. 21-30, C).

Direct extension of epididymal inflammation to the 
testicle, called epididymo-orchitis, occurs in up to 20% 
of patients with acute epididymitis. Isolated orchitis may 
also occur. In such cases, increased blood flow is localized 
to the testis (Fig. 21-30, D and E; Video 21-6). Testicu-
lar involvement may be focal or diffuse. Characteristi-
cally, focal orchitis produces a hypoechoic area adjacent 
to an enlarged portion of the epididymis. Color Doppler 
shows increased flow in the hypoechoic area of the testis; 
increased flow in the tunica vasculosa may be visible as 
lines of color signal radiating from the mediastinum 
testis.166 These lines of color correspond to septal accen-
tuation that is visible as hypoechoic bands on gray-scale 
sonography (Fig. 21-30, H and I). Spectral Doppler 
shows increased diastolic flow in uncomplicated orchitis 
(Fig. 21-31, A). If left untreated, the entire testicle may 
become involved, appearing hypoechoic and enlarged. 
As pressure in the testis increases from edema, venous 
infarction with hemorrhage may occur, appearing hyper-
echoic initially and hypoechoic later (Fig. 21-30).166 
Ischemia and subsequent infarction may occur when the 
vascularity of the testis is compromised by venous occlu-
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FIGURE 21-30. Epididymo-orchitis, epididymitis, and orchitis: spectrum of appearances. A and B, Acute epi-
didymitis. Longitudinal gray-scale and color Doppler images show enlargement and a heterogeneous echotexture of tail of the epididymis, 
with greatly increased flow in tail of the epididymis and minimally increased flow in the adjacent testis. C, Acute epididymo-orchitis. 
Longitudinal color Doppler scan shows increased flow in the epididymis and testis. D and E, Acute orchitis. Longitudinal dual-image 
gray-scale and color Doppler images show that right testis is hypoechoic and has greatly increased flow.

echogenicity, corresponding to areas of hemorrhage or 
infarction, and hematocele formation in 33% of patients. 
A discrete fracture plane is rarely identified (Fig. 21-34, 
B). A visibly intact tunica albuginea should exclude 
rupture, but testicular hematoma may obscure the 
tunica81 (Fig. 21-34, A). Tunical disruption associated 
with extrusion of the seminiferous tubules is specific for 
rupture (Fig. 21-34, E; Video 21-7). However, the sen-
sitivity of the diagnosis of rupture based on tunical dis-

ruption alone is only 50%. Heterogeneity of the testis 
with associated testicular contour irregularity may be 
helpful in making the diagnosis of rupture.81,172,173

Although not specific for a ruptured testicle, these 
features may suggest the diagnosis in the appropriate 
clinical setting, prompting immediate surgical explora-
tion. Color Doppler imaging can be helpful because 
rupture of the tunica albuginea is almost always associ-
ated with disruption of the tunica vasculosa and loss of 
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FIGURE 21-30, cont’d.

blood supply to part or all of the testis81 (Fig. 21-34, C ). 
A complex intrascrotal hematoma may be difficult to 
distinguish from testicular rupture.174 Patients with 
large, intrascrotal hematomas or hematoceles will often 
undergo surgical exploration because it is difficult to 
exclude rupture sonographically in the presence of sur-
rounding complex fluid.81 Sonography can also be used 
to discern the severity of scrotal trauma resulting from 
bullet wounds, and foreign bodies can be localized.175 A 
careful gray-scale and color flow Doppler evaluation of 
the epididymis should be performed in all examinations 
done for blunt trauma. Traumatic epididymitis may be 
an isolated finding that should not be confused with an 
infectious process.176

CRYPTORCHIDISM

The testes normally begin their descent through the 
inguinal canal into the scrotal sac at about 36 weeks of 
gestation. The gubernaculum testis is a fibromuscular 
structure that extends from the inferior pole of the testis 
to the scrotum and guides the testis in its descent, which 
normally has been completed at birth. Undescended 
testis is one of the most common genitourinary anoma-
lies in male infants. At birth, 3.5% of male infants 
weighing more than 2500 g have an undescended testis; 
10% to 25% of these cases are bilateral. This figure 
decreases to 0.8% by age 1 year because the testes des-
cend spontaneously in most infants. The incidence of 

F, Longitudinal gray-scale scan with 3 weeks of epididymo-orchitis unresolved with antibiotic therapy shows 
hypoechoic areas in the testis and an enlarged heterogeneous tail of the epididymis. G, Color Doppler image shows increased flow in the 
testis and epididymis with an area of decreased flow due to ischemia (arrow). H and I, Acute orchitis. Longitudinal gray-scale and color 
Doppler images show hypoechoic bands caused by septal accentuation from edema and increased vascularity of the testis.
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A B

FIGURE 21-31. Spectral Doppler changes in orchitis. A, Uncomplicated orchitis. Longitudinal scan with spectral Doppler 
tracing shows increased diastolic flow in the testis. B, Orchitis with venous compromise. Longitudinal scan with spectral Doppler tracing 
in more severe orchitis shows reversal of flow in diastole caused by edema impeding venous flow.

FIGURE 21-32. Heterogeneous “striped” testis. Transverse dual image shows heterogeneity in the right testis with marked 
septal accentuation from previous orchitis. This appearance may also be seen after ischemia.

FIGURE 21-33. Fibrosis of testis after orchitis. Pathologic specimen of testis shows linear bands of fibrosis (white areas) caused 
by previous severe orchitis. A similar “end stage” testis could have this appearance due to ischemia.
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atrophy. If the testis remains undescended, both struc-
tures persist. The PIG is located distal to the unde-
scended testis, usually in the scrotum, but it may be 
found in the inguinal cord. Sonographically, the PIG is 
a hypoechoic, cordlike structure of echogenicity similar 
to the testis, with the gubernaculum leading to it.179

Sonography is often used in the initial evaluation  
of cryptorchidism, although the value of this has been 

A
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H

H
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B C

FIGURE 21-34. Testicular trauma: spectrum of appearances. A, Hematoma. Longitudinal image shows hematoma 
(arrows) on the anterior surface of the testis. Tunica intact at surgery. B, Fracture of testis. Transverse scan shows a heterogeneous testicle 
with a linear band (arrows) indicating a fracture. H, Testicular hematoma. C, Tunical tear. Longitudinal color Doppler image shows 
contour irregularity of the testis with disruption of the tunica (arrow). Extruded testis parenchyma shows no color flow. D, Same case as 
C. Photograph during surgery shows tunical tear in the exposed right testis. E, Rupture of testis. Longitudinal image shows rupture of 
the testis with extrusion of seminiferous tubules (arrow). F, In same case as E, photograph during surgery shows a tear in the tunica 
inferiorly with extrusion of seminiferous tubules.

FIGURE 21-35. Testis in inguinal canal. Longitudinal 
scan shows an elongated, ovoid, undescended testis.

undescended testes increases to 30% in premature 
infants, approaching 100% in neonates who weigh less 
than 1 kg at birth. Complete descent is necessary for full 
testicular maturation.177,178

Malpositioned testes may be located anywhere along 
the pathway of descent from the retroperitoneum to the 
scrotum. Most (80%) undescended testes are palpable, 
lying at or below the level of the inguinal canal. Anor-
chia occurs in 4% of the remaining patients with impal-
pable testes.178

Localization of the undescended testis is important for 
the prevention of two potential complications of crypt-
orchidism: infertility and cancer. The undescended 
testis is more likely to undergo malignant change than 
the normally descended testis.1 The most common 
malignancy is seminoma. The risk of malignancy is 
increased in both the undescended testis after orchiopexy 
and the normally descended testis. Therefore, careful 
serial examinations of both testes are essential.

Sonographically, the undescended testis is often 
smaller and slightly less echogenic than the contralateral, 
normally descended testis (Fig. 21-35). A large lymph 
node or the pars infravaginalis gubernaculi (PIG), which 
is the distal bulbous segment of the gubernaculum testis, 
can be mistaken for the testis. After completion of tes-
ticular descent, the PIG and the gubernaculum normally 
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Shoulder pain has many causes. Tendinitis, rotator 
cuff strain, and partial-thickness or full-thickness tear 
may cause pain and weakness on elevation of the arm.1 
The pain in rotator cuff disease is often worse at night 
and may keep the patient awake. Underlying these symp-
toms in many patients over 40 years of age is failure of 
the rotator cuff fibers.2 The supraspinatus tendon fibers 
typically fail first. The subscapularis and infraspinatus 
tendons, two other tendons of the rotator cuff, fail when 
the tear extends. The teres minor, the fourth component 
of the rotator cuff, is rarely affected. Calcific tendinitis, 
cervical radiculopathy, and acromioclavicular arthritis 
may mimic rotator cuff pathology. Contrast arthrogra-
phy has long been the premier radiologic examination 
used to diagnose full-thickness tears of the rotator cuff.3 
Two competing noninvasive imaging techniques, ultra-
sound and magnetic resonance imaging (MRI), are 
taking over the role of arthrography. High-resolution 
real-time ultrasound has been shown to be a cost-effec-
tive means of examining the rotator cuff.4-9 Ultrasound 
is the modality of choice in our institution. In the last 
15 years, we performed more than 40,000 shoulder 
ultrasound studies.

CLINICAL CONSIDERATIONS

Rotator cuff fiber failure is the most common cause of 
shoulder pain and dysfunction in patients older than 40.1 
Epidemiologic studies by Codman, DePalma, and others 
have demonstrated that the frequency of rotator cuff 
fiber failure increases with age.10-12 This aging of tendons 

has been shown in imaging studies as well.13-16 The earli-
est changes are often located in the substance of the 
tendon, resulting in so-called delamination of the cuff. 
Fiber failure is a step-by-step process from partial-thick-
ness tear, almost always first in the supraspinatus, to 
massive tears involving multiple cuff tendons.

Rotator cuff tear may occur insidiously and, in fact, 
may be unnoticed by the patient, a process termed by 
some as creeping tendon ruptures.17 Asymptomatic 
tears affect up to 30% of the population over age 60.13 
When a larger group of fibers fails at once, the shoulder 
demonstrates pain at rest and accentuation of pain on 
use of the rotator cuff (e.g., extension, abduction, or 
external rotation). When even greater numbers of fibers 
fail at one time, a process known as acute extension 
of the shoulder may demonstrate sudden onset of sub-
stantial weakness in flexion, abduction, and external 
rotation.

As persons age, the rotator cuff becomes increasingly 
susceptible to tearing with less severe amounts of applied 
force. Thus, although a major force is required to tear 
the usual rotator cuff of a 40-year-old person, a relatively 
trivial force may result in tear of the rotator cuff of the 
average 60-year-old individual. This is analogous to the 
predisposition of older women to femoral neck fractures. 
Although differences of the acromial shape, abnormali-
ties of the acromial-clavicular joint, and other factors 
may also affect the susceptibility of the rotator cuff to 
fiber failure, age-related deterioration and loading of the 
rotator cuff seem to be the dominant factors in determin-
ing the failure patterns of the cuff tendons. In a retro-
spective study of siblings of patients with rotator cuff 
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make ultrasound units that weigh less than 5 kg (11 1b); 
prices of equipment applicable for use in musculoskeletal 
ultrasound have decreased by more than 80% compared 
with prices in the 1990s.20

ANATOMY AND  
SONOGRAPHIC TECHNIQUE

Understanding the complex three-dimensional (3-D) 
rotator cuff anatomy during sonography is crucial to 
successful rotator cuff sonography. Bone often limits the 
examination done by the inexperienced operator. For 
those starting in shoulder ultrasound, but who have 
experience in MRI arthrography, we recommend per-
forming a quick ultrasound examination before and after 
each arthrogram. This allows examiners to test their 
diagnostic abilities instantaneously. Those who have no 
experience with arthrography can scan in the operating 
room or anatomy laboratory. Surgical exploration or 
dissection may teach the most valuable lessons. Those 
initial steps are necessary to improve knowledge of the 
anatomy, which is essential in mastering the technique 
and accelerating the learning curve. Some investigators 
have been combining arthrographic technique with the 
sonographic examination, called arthrosonography, 
which may be more sensitive in assessing synovial pro-
liferation and estimating the size of rotator cuff tears.25 
Future applications may also include the diagnosis of 
labral abnormalities.26-29 As with MRI, ultrasound’s 
display of anatomy improves when enhanced by injec-
tion of intra-articular fluid. Saline used as a contrast 
agent in arthrosonography is much less expensive than 
gadolinium, the contrast agent universally used for MR 
arthrography.

The bony landmarks guide the shoulder ultrasound 
examination (Fig. 22-1). The fingers of the examiner can 
palpate the acromion, the scapular spine, the coracoid, 
and the acromioclavicular joint. Transducer orientation 
relative to those landmarks will be essential in making 
corrections to the technique in viewing complex shoul-
der pathology. External bony landmarks are important 
in shoulder imaging when scanning a patient with  
significant pathology and loss of normal soft tissue 
landmarks.

The patient is scanned while seated on a rotating stool 
without armrests. The examiner sits comfortably on a 
stool adjusted so that the examiner rises above the shoul-
der level of the patient. Both shoulders, starting with the 
less symptomatic one, should be examined if the exam-
iner is a beginner. The following technique is used at our 
institution.8

Transverse images through the long biceps are 
obtained with the arm and forearm on the patient’s 
thigh, the palm supinated (Fig. 22-2). The bicipital 
groove serves as the anatomic landmark to differentiate 
the subscapularis tendon from the supraspinatus tendon. 

tears, the relative risk of developing symptomatic full-
thickness tears in the siblings compared to controls was 
4.65. The authors concluded that genetic factors may 
also play a role in the development of tendon tears in 
shoulders.18

Symptoms of rotator cuff fiber failure in the acute 
phase usually include pain at rest and on motion. Later, 
subacromial crepitance occurs when the arm is rotated 
in the partially flexed position, and finally, arm weakness 
occurs. When the rotator cuff fails, shoulder instability 
can result, and so-called impingement may then mani-
fest. The humeral head is no longer stabilized and may 
impinge on the tissues between the head and the acro-
mion (acromial process) or between the head and the 
posterior glenoid in cases of subacromial impingement, 
the process will lead to osteosclerosis and remodeling  
of the acromion, and it may result in a traction spur 
along the coracoacromial ligament.19

TECHNICAL CONSIDERATIONS

Mechanical sector scanners with frequencies between 5 
and 10 MHz used in the early 1980s provided adequate 
detail in detecting full-thickness tears.20 The utility of 
these transducers was limited by several factors: near-
field artifact, narrow superficial image field, and tendon 
anisotropy. This last artifact is caused by the anisotropic 
structure of tendons and still affects the scanning of 
tendons significantly. Parallelism of collagenous struc-
tures within the cuff results in peculiar imaging charac-
teristics; the echogenicity of the tendon depends on the 
angle of the transducer relative to the tendon during 
tendon interrogation. Oblique insonation of the tissues 
will result in heterogeneous appearance of the tendons. 
With optimal perpendicular technique, the center of the 
image will appear hyperechoic, whereas the side lobes 
will often be hypoechoic if one scans over the round 
surface of the proximal humerus. This hypoechogenicity 
can be mistaken for pathology by the inexperienced 
ultrasound reader.

State-of-the-art imaging of the cuff should be done 
with a high-resolution linear array transducer with a 
broad-bandwidth frequency capability, typically 5 to 
13 MHz.20 These transducers demonstrate marked 
improvement in near resolution compared with the older 
devices. The broad superficial field of view is helpful to 
improve the near-field image. Tissue harmonics has been 
shown to improve tendon surface visibility over conven-
tional ultrasound.21 In recent years the ultrasound 
machines have changed from heavy, space occupying 
ultrasound equipment to lightweight, laptop ultrasound 
systems with ergonomic ultrasound probes. Parallel with 
this trend, the high-expense equipment can often be 
replaced with more affordable pieces that are marketed 
for focused use in clinics,20,22 in the operating room, and 
at the point of injury.23,24 Several manufacturers now 
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FIGURE 22-1. Right shoulder joint with surface anatomy and underlying musculoskeletal structures. 
A, Neutral position of the shoulder: frontal view (left image), side view (middle image), and posterior view (right image) of superficial 
anatomy. The bony prominences formed by the clavicle (a), acromion (b), and coracoid process (c) that limit the acoustic window for 
shoulder ultrasound are visible subcutaneously. Other visible contours represent the greater tuberosity (d) and spine of the scapula (e), 
which ends at the medial flat surface (f ), over which slides the aponeurosis of the trapezius muscle. B, Anatomy in neutral position. Frontal 
view (left image) shows coracoacromial ligament (g), supraspinatus tendon attachment (s), and biceps brachii, with the short head (S) 
originating from the coracoid medially and the long head (L) extending into the joint deep to the coracoacromial ligament. The coraco-
brachial tendon (cb) is another tendon that originates from the coracoid. Side view (middle image) shows how the subscapularis (sc) is a 
separate tendon at the anterior aspect of the shoulder. This tendon is divided from the supraspinatus (S) by the long head of biceps tendon 
and by the rotator cuff interval. Posterior view (right image) with trapezius (t), infraspinatus (i), teres minor (t), triceps brachii (tb), and 
teres major (T). The deltoid (D) has been cut, and its edge is seen around the acromion. On all anatomic drawings that follow, the deltoid 
has been removed. On ultrasound, we look through the deltoid to see the rotator cuff. C, By using adduction, hyperextension and internal 
(medial) rotation, one can free more supraspinatus tendon for visualization. The most vulnerable zone of the supraspinatus (S) is anterior 
to the acromion and lateral to the intracapsular long (L) biceps tendon. The zone of the rotator cuff where most tears occur (critical zone) 
can be found in the trapezoidal space between the bony prominences of the lateral clavicle (a), anterior acromion (b), coracoid (c), and 
anterior greater tuberosity. The subscapularis tendon in this position hides under the coracoid and medial to the short head of biceps (S).
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bicipital groove, the sling consists of fibers of the superior 
glenohumeral ligament. Superficial to the biceps are 
fibers of the coracohumeral ligament,31 which courses 
from the coracoid medially, covers the biceps in the 
rotator cuff interval, and attaches on the humerus later-
ally. At its lateral insertion, the coracohumeral ligament 
forks around the anterior supraspinatus. The deep layer 
appears more distinct and has been called the rotator 
cuff cable,32 a structure at the articular margin of the 
supraspinatus. The superficial coracohumeral ligament is 
thinner and less distinctly visible. The sonographers may 
occasionally recognize the rotator cuff cable because of 
its unique anisotropic characteristics oriented perpen-
dicular to the longitudinal fibers of the critical zone of 
the supraspinatus. After scanning the biceps in the 

The groove is concave; bright echoes reflect off the bony 
surface of the humerus. The tendon of the long head of 
the biceps is visualized as a hyperechoic oval structure 
within the bicipital groove on the transverse images. The 
tendon courses through the rotator cuff interval and 
divides the subscapularis from the supraspinatus tendon. 
Scanning should begin with the proximal long biceps 
tendon above the biceps tendon groove. The intracapsu-
lar biceps shows more obliquely in the shoulder capsule. 
The capsular biceps is located in a space typically referred 
to as the rotator cuff interval. The space varies between 
1 and 3 cm in width.30 In this interval between the 
superior subscapular and the anterior supraspinatus, a 
sling of connective tissue surrounds the proximal long 
biceps tendon. Deep to the biceps, inserting on the 
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FIGURE 22-2. Short-axis or transverse scan of the long biceps tendon. A, View of the long head (LH) and the short 
head of biceps tendon. Transducer position is indicated by a transparent symbol. For this scan, the patient rests the dorsum of the hand 
comfortably on the thigh with elbow flexed. S, Supraspinatus tendon; Sc, subscapularis tendon. B, Cross section through the biceps groove 
at the level of the subscapularis (Sc). The deltoid (D) is hoof shaped and covers the two biceps tendons and the subscapularis tendon in 
the front of the shoulder. This is the anatomic view of the shoulder in neutral position and with the transducer placed transversely over 
the bicipital groove. The cross sections of the long and short heads of biceps are seen close together. C, Deep to the deltoid (D), the 
proximal long biceps (B) rests in the bicipital groove (arrows). The transverse ligament (black arrow) represents the lateral extension of 
the subscapularis and covers the long biceps. A small segment of the subscapularis is noted between the bone surface of the humerus and 
the short head of the biceps at the right edge of the image. D, Transverse scan over the lower part of the bicipital groove in a patient with 
rotator cuff disease. The long biceps tendon (B) appears enveloped in a distended hypoechoic sheath (arrows). The hypoechogenicity of 
the tendon sheath may represent fluid, synovial hypertrophy, or both. It is important to scan the lowest recess of the biceps synovial sheath. 
In a patient who sits for the examination, fluid will precipitate to the most dependent portion of the synovium.
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The normal subdeltoid bursa is recognized as a thin, 
hypoechoic layer between the deltoid muscle on one side 
and the rotator cuff tendons and biceps tendon on the 
deep side. Hyperechoic peribursal fat surrounds the 
outer aspect of the synovial layer.36

The supraspinatus tendon is scanned perpendicular 
to its axis (transversely) by moving the transducer later-
ally posteriorly. The sonographic window is very narrow, 
and careful transducer positioning is essential (Fig. 
22-7). The supraspinatus tendon is visualized as a band 
of medium-level echoes deep to the subdeltoid bursa and 
superficial to the bright echoes originating from the bone 
surface of the greater tuberosity.

The rest of the examination is done with the arm 
adducted and hyperextended and the shoulder in moder-
ate internal rotation5,7,37 (Fig. 22-8). This position can 
best be explained to patients by asking them to reach to 
the opposite back pocket. This placement of the hand is 
often alternated with the hand position over the back 
pocket on the side of the affected shoulder with maximum 
elbow adduction. The latter position puts more tension 
on the tendon. It may make a lesion of the cuff stand 
out more clearly; however, the position may also mislead 
the examiner to overestimate the size of tears.38 Both 
longitudinal sections along the course of the supraspina-
tus tendon and images transverse to the tendon insertion 
and perpendicular to the humeral head are obtained. 
Correct orientation is achieved when an imaging plane 

capsule, the long biceps is followed throughout its course 
in the bicipital groove; the scan should extend as far 
down as the musculotendinous junction. This allows 
detection of the smallest fluid collections in the medial 
triangular recess at the distal end of the tendon sheath.33 
Such small biceps sheath collections are a very sensitive 
indicator of joint fluid. A 90-degree rotation of the trans-
ducer into a longitudinal view will ascertain the intact-
ness of the biceps tendon.34 The transducer must be 
carefully aligned along the biceps groove (Fig. 22-3). 
Gentle pressure on the distal aspect of the transducer is 
necessary to align the transducer parallel to the tendon 
to avoid artifact due to anisotropy (Fig. 22-4).

The transducer position is then returned to the trans-
verse plane and moved proximally along the humerus to 
visualize the subscapularis tendon, which appears as a 
band of medium-level echoes deep to the subdeltoid fat 
and bursa. The subscapularis tendon is viewed parallel 
to its axis (Fig. 22-5) for its long-axis view; scanning 
during passive and external rotation may be helpful in 
assessing the integrity of the subscapularis tendon, which 
may be disrupted in patients with chronic anterior shoul-
der dislocation. External rotation is also necessary to 
diagnose subluxation of the long biceps tendon, espe-
cially if only present intermittently.35 The short-axis view 
of the subscapularis is best evaluated over the ledge of 
the lesser tuberosity as close as possible to the bicipital 
groove (Fig. 22-6).
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FIGURE 22-3. Long-axis or longitudinal scan of the long biceps tendon. A, In the neutral position, the long biceps 
is found in the bicipital groove, about midline over the anterior humerus. Transducer position is indicated by the transparent symbol.  
B, Longitudinal cross section through the biceps. The deltoid is also hoof shaped in the sagittal plane. This is the anatomic view of the 
shoulder in neutral position and with the transducer placed longitudinally over the bicipital groove. The long head of the biceps (LH) 
appears as a tubular structure. C, Longitudinal scan shows the biceps tendon (B) with distinct fibrillar architecture deep to the deltoid. 
Note the distinct longitudinal linear reflections in the tubular structure of a normal long biceps. When the layered structure is absent, the 
clinician should consider the possibility of scar tissue replacing a torn tendon.
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Scanning of the supraspinatus tendon is followed by 
the visualization of the infraspinatus and teres minor 
tendons by moving the transducer posteriorly and in the 
plane parallel to the scapular spine. The infraspinatus 
tendon appears as a beak-shaped soft tissue structure as 
it attaches to the posterior aspect of the greater tuberos-
ity6 (Fig. 22-9). Internal and external shoulder rotation 
may be helpful in the examination of the infraspinatus 
tendon. This maneuver relaxes and contracts the infra-
spinatus tendon in alternating fashion. At this level, a 
portion of the posterior glenoid labrum is seen as a 
hyperechoic triangular structure. The fluid of the infra-
spinatus recess surrounds the labrum. Optimal image 
contrast for detection of intra-articular fluid will be 
obtained by bringing the arm in external rotation (Fig. 
22-10). In this position the normal labrum will be 
covered by infraspinatus tendon. Both structures appear 
hyperechoic and become almost indistinguishable in a 
joint without effusion. In contrast, hypoechoic fluid or 
synovium may considerably separate these tissues in the 

shows crisp bone surface definition and sharp outline of 
the cartilage of the humeral head. During longitudinal 
scanning, the transducer overlays the acromion medially 
and the lateral aspect of the greater tuberosity laterally 
(Fig. 22-8, B and C). The transducer sweeps around the 
humeral head circumferentially, and the transducer 
should be held perpendicular to the humeral head surface 
at all times. This sweeping motion through the supraspi-
natus tendon starts anteriorly next to the long biceps 
tendon. We cover an area of approximately 2.5 cm 
lateral to the long biceps tendon. Infraspinatus tendon 
is scanned beyond this point. The musculotendinous 
junction shows as hypoechoic muscle surrounding 
hyperechoic infraspinatus tendon. The transverse scan 
starts just lateral to the acromion and translates down-
ward over the supraspinatus tendon and the greater 
tuberosity. The critical zone is that portion of the tendon 
that begins approximately 1 cm posterolateral to the 
biceps tendon. Failure to adequately visualize this area 
may cause a false-negative result.5

FIGURE 22-4. Composite of images through proximal long biceps showing tendon anisotropy. The predomi-
nant longitudinal orientation of the collagen in tendons such as the biceps make them strong anisotropic reflectors. Top images, Transverse 
imaging approach; bottom images, sagittal scanning through the middle of the bicipital groove. The column on the left shows correct 
scanning technique. Normal tendons appear hyperechoic only when scanned perpendicularly. The column on the right demonstrates how 
tendons appear hypoechoic as the angle of the transducer diverges from 90 degrees. Visualization of this transition of tendon echogenicity 
from hyperechoic to hypoechoic may be used at times to improve tissue contrast; it is also a useful technique to distinguish tendon  
from scar.
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FIGURE 22-5. Long-axis view of sub-
scapularis tendon, or transverse scan 
through anterior shoulder. A, Transducer 
position for the examination of the long axis of the 
subscapularis (Sc) is indicated by the transparent 
transducer. B, Cross section of the subscapularis 
(Sc) and the two tendons of the proximal biceps. 
The subscapularis tendon can be seen over the 
humerus and between the two biceps tendons. In 
neutral position or in internal (medial) rotation, 
there is little separation of the two biceps tendons. 
In extreme rotation, the long head may actually pass 
under the short head. C, Long-axis sonogram visu-
alized with external rotation shows the subscapu-
laris tendon (Sub) parallel to its axis, viewed as a 
band of medium-level echoes deep to the deltoid 
muscle (D); B, biceps tendon; Cor, coracoid. 
D, Dual images illustrate the use of external rota-
tion in bringing out the subscapularis from under 
the coracoid and short head of biceps (S). In the 
neutral position, long head (L) of the biceps will 
show over the middle of the proximal anterior 
humerus. In external rotation, long head of the 
biceps separates from the short head. The subscapu-
laris tendon (Sub) shows in its full length over the 
anterior humeral head; D, deltoid. Anatomic dia-
grams on the left show the long biceps position in 
frontal view. Arrows indicate what happens to the 
cross-sectional anatomy with internal rotation (top) 
and external rotation (bottom).
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FIGURE 22-6. Short-axis view of subscapularis, or sagittal scan through anterior shoulder. A, The transparent 
transducer indicates the placement of the transducer. B, The subscapularis tendon (Sc) covers the humeral head and the humeral head 
cartilage of the anterior shoulder. The tendon is visualized through the deltoid (D). The space superior to the subscapularis, the rotator 
cuff interval, is a space with loose mesenchymal tissue surrounding the intracapsular biceps (L). C, Deep to the deltoid (D), the subscapu-
laris (SUB) tapers in thickness from its superior to inferior border.
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FIGURE 22-7. Short-axis scan of supraspinatus tendon. A, With the arm in extension and internal rotation, the transducer 
is placed between the anterior acromion and the coracoid. The transducer is swept from the edge of the acromion down to the level of 
the lateral greater tuberosity. B, This section in the plane of the transducer shows how the supraspinatus is covered most immediately by 
the subdeltoid bursa (S. Bursa) deep to the deltoid (D). C, The supraspinatus tendon (SUP) shows as a band of medium-level echoes deep 
to the subdeltoid bursa (arrows) and draped over the cartilage of the humeral head (HH). The swollen symptomatic tendon shows on the 
left side of the split-screen image; the patient’s normal shoulder shows on the right. D, Deltoid muscle. Compare the thickness of the 
hypoechoic bursa with the thickness of the hyaline cartilage covering the humeral head. A normal bursa does not exceed the thickness of 
normal cartilage.
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The teres minor tendon is a trapezoidal structure39 (Fig. 
22-11), differentiated from the infraspinatus tendon by 
its broader and more muscular attachment. Tears of the 
teres minor are rare. In cases of quadrilateral space 
syndrome with entrapment of the axillary nerve, the 
teres minor can be unilaterally smaller and appear hyper-
echoic.40 Small joint effusions will also be imaged in this 
location.41 Demonstration of this effusion helps distin-
guish articular processes, such as rheumatoid arthritis 
and septic arthritis, which will cause effusion. In rotator 
cuff disease, it is rare to find fluid in this location.

Coronal images through the acromioclavicular joints 
are obtained at the end of the examination. Right-left 
comparison can show degenerative or traumatic pathol-

joint with arthritis. The hypoechoic articular cartilage of 
the humeral head, which shows lateral to the labrum, 
contrasts significantly with the hyperechogenicity of the 
fibrocartilage. Scanning is extended medially to encom-
pass the spinoglenoid notch and the suprascapular vessels 
and nerve. Visualization of the notch may be improved 
by bringing the transducer in the transverse plane, but 
with the medial end of the transducer slightly more 
cephalad than the lateral end. Using the external-internal 
rotation dynamic during visualization of the neurovas-
cular bundle that wraps around the spinoglenoid notch 
will show distention of the suprascapular vein during 
external rotation. The transversely oriented transducer is 
moved distally, and the teres minor is then visualized. 
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FIGURE 22-8. Long-axis scan of supraspinatus tendon. A, With the arm in extension and internal rotation, the transducer 
is placed perpendicular to the curvature of the acromial process for the view along the bulk of the largest number of fibers of the supra-
spinatus. We refer to this view as the long-axis view. B, This section demonstrates the challenge posed by the acromioclavicular joint and 
the lateral acromion that cover part of the supraspinatus (S). The positioning of the patient (as seen in A, inset) frees the critical zone and 
moves it into the acoustic window deep to the acromioclavicular ligament. C, Longitudinal image through a left supraspinatus. More 
tendon will stretch beyond the lateral and anterior aspect of the acromion than in the neutral position. Echogenicity changes within  
the rotator cuff are related to tendon anisotropy. The propagation of ultrasound through supraspinatus tendon (S) appears uneven. This 
feature stands out more clearly in one sublayer of the supraspinatus tendon (arrows). The fibers in this layer have a longitudinal orientation 
along the long axis of the tendon; C, hyaline cartilage over the humeral head. D, Panoramic overview through a right supraspinatus 
demonstrates the anatomic relationship of the longitudinal supraspinatus tendon (S) with the acromion (Acr) and acromioclavicular joint 
(open arrow). This image can best be viewed side by side with B. Deltoid (D) originates from the acromion; Cl, lateral clavicle; Hu, proxi-
mal humerus. The shape of the tendon has often been compared to a parrot’s beak. Hypoechoic tissue covers the tendon on either side. 
Hypoechogenicity between tendon and bone represents hyaline cartilage (white arrow), and the thin, hypoechoic layer between tendon 
and deltoid corresponds to subdeltoid bursa (black arrow). E, Sagittal section shows relationship of supraspinatus joining the infraspinatus, 
which is located more posteriorly. Also noted is the separation of the anterior supraspinatus from the subscapularis (Sc) by the intracapsular 
long biceps (L). F, Panoramic overview of the transverse anatomy of supraspinatus (SUP) relative to the subscapularis (SUB) and the 
intracapsular biceps (B) in the front and the infraspinatus (IS) in the back. Again, the tendon appears sandwiched between two hypoechoic 
layers. Note that the normal subdeltoid bursa (black arrow) remains slightly thinner than the hyaline cartilage (white arrows) over the 
humeral head (HH). The supraspinatus and infraspinatus form a conjoined tendon, whereas the biceps tendon separates supraspinatus 
and subscapularis. The image has been made by making a circular sweep over the tendons in a movement following the hoof shape of the 
deltoid in the sagittal plane, as illustrated in E.
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bursa is hoof shaped in cross section, and it often extends 
from the coracoid anteriorly around the lateral shoulder 
and posteriorly past the glenoid. If the subdeltoid bursa 
extends that far anteriorly, it is in direct continuity with 
the coracobrachial bursa. The pleural space and the 
bursal synovial space have a number of similarities, 
including the virtual space (which can become distended 
in effusions), the thin lubricating layer of fluid in their 
lumen, and the extensive network of capillary vessels and 
lymph vessels in their walls. Those vessels are not visible 
with color flow Doppler sonogram in patients with 
normal rotator cuff anatomy, but distended vessels have 
been shown in the power and color flow Doppler sono-
grams of patients with inflamed cuffs.42 The boundary 
between the bursa and the deltoid muscle consists of the 
so-called peribursal fat. This layer appears hyperechoic, 
and its thickness is remarkably uniform; body habitus 
seems to have little influence on the thickness of this  
fat layer.

Rotator cuff pathology is rare in young patients, 
although bursal and labral pathology can occur. Some of 
these conditions can mimic tendon tears. It is important 
to know that the adolescent cuff consists of more muscle 
than the aging cuff. The relative length of tendon to 
muscle increases with age.43 Hypoechoic areas in the cuff 
in patients under age 20 may simply represent muscle, 
and the finding should not easily be attributed to a tear. 
Meticulous right-left comparison of the thickness of the 

ogy that can mimic or cause impingement-like symp-
toms. The superior glenoid labrum can be shown with 
the transducer aligned posterior to the acromioclavicular 
joint and oriented perpendicular to the superior glenoid. 
A curved, linear array transducer will be necessary if 
diagnosis of superior labral detachment (SLAP lesions) 
is sought.

THE NORMAL CUFF

The Adolescent Cuff

The rotator cuff tendons and the intracapsular biceps are 
hyperechoic relative to the deltoid muscle bellies (Fig. 
22-12). The cuff tendons are enveloped in a thin syno-
vial layer that is normally thinner than 1.5 mm and 
appears hypoechoic relative to the tendons. The thick-
ness of this bursal layer does not change. The subacro-
mial-subdeltoid bursa is as thick over the long biceps 
tendon as it is over the subscapularis, supraspinatus, and 
infraspinatus tendons. A correctly performed examina-
tion will show a neatly defined bursa that shows as a 
hypoechoic stripe thinner than the thickness of the 
hypoechoic hyaline cartilage over the humeral head. This 
extra-articular bursa is a virtual space, because it contains 
lubricant synovial fluid; this fluid cannot be distin-
guished on a routine shoulder ultrasound study. The 
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FIGURE 22-9. Long-axis view of the infraspinatus. A, With the arm at the patient’s side, the operator can scan the infra-
spinatus (IS) from its origin on the scapula to its insertion on the posterior greater tuberosity; D, deltoid. The transducer is placed over 
the posterior joint (on the left of the transducer) and oriented toward the tuberosity insertion. B, Oblique anatomic section along the 
infraspinatus (IS) long axis; D, deltoid. C, Panoramic view along the plane shown in B. The infraspinatus (IS) thins out toward its humeral 
insertion (Hu) and appears sandwiched between the deltoid (D) and the humerus. Arrow indicates the location of the joint.
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nication should exist between the glenohumeral joint 
and the subacromial-subdeltoid bursa.25 Postmortem 
and cadaver studies have shown a high prevalence of 
rotator cuff tears in aging shoulders. Keyes45 examined 
73 unselected cadavers and found full-thickness tears of 
the supraspinatus in 13.4% of shoulders. Full-thickness 
tears were not recorded for those younger than age 50 
years; the prevalence over age 50 was 31%. Wilson and 
Duff46 examined an unselected series of 74 bodies at 
postmortem and 34 dissecting-room cadavers over age 
30 years. They found full-thickness tears of the supra-

subscapular tendons in adolescents may demonstrate 
tears of the anterior rotator cuff resulting from athletic 
injuries. In our experience, the subscapular insertion 
appears the weaker link of the rotator cuff in the growing 
shoulder. Ultrasound has proved its usefulness in detect-
ing subscapularis tendon tears.44

Age-Related Changes

The rotator cuff in individuals under age 30 years is 
watertight. Arthrographic studies show that no commu-
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FIGURE 22-10. Relationship of infraspinatus tendon and muscle relative to glenoid labrum. With the arm in 
medial (internal) and lateral (external) rotation. Top diagram, Fibrous glenoid labrum (L) appears as a hyperechoic triangle deep to the 
infraspinatus muscle (M). Look at the corresponding ultrasound image on the left. With the arm in internal rotation, the contrast between 
the hypoechoic muscle (IS) and the labrum (arrows) is accentuated. Middle diagram, When the arm is in external rotation, the hyperechoic 
tendon (T) is in direct proximity to the hyperechoic labrum. Look at the ultrasound inset on the left. The separating interface, which is 
barely perceptible (black arrow), represents the actual location of the synovium. Bottom diagram, External rotation is the preferred position 
to detect effusion. If there is effusion (E), hypoechoic fluid distends the synovium between the posterior labrum and the deep surface of 
the infraspinatus. HH, Humeral head.
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for shoulder disease underwent shoulder sonography; 
77% (69 of 90) were white, 13% (12 of 90) were black, 
9% (8 of 90) were Asian, and 1% (1 of 90) was Hispanic. 
Eighteen subjects were between ages 30 and 39 years; 18 
were 40 to 49 years old; 18 were 50 to 59; 13 were 60 
to 69; 13 were 70 to 79; and 10 were 80 to 99 years old. 
The proportion of women to men was almost equal for 
each decade.

No statistically significant differences were found in 
the prevalence of rotator cuff lesions in each gender for 

spinatus tendon in 11% and partial-thickness tears in 
10% of the shoulders. Fukuda et al.47 reported a 7% 
prevalence of complete tears and a 13% prevalence of 
incomplete tears in a study of cadavers that included no 
details on age. With such high percentages of rotator cuff 
tears in cadaver studies, how many of these tears would 
have been asymptomatic? A study we conducted showed 
that ultrasound can detect asymptomatic tears.

Ninety volunteer subjects (47 women and 43 men) in 
a population who had never sought medical attention 
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FIGURE 22-11. Long-axis view of the teres minor. A, The probe placed parallel to the spine of the scapula and just proximal 
to the prominence caused by the muscle belly of the teres major (look at the surface landmarks in Fig. 22-1) can show the short tendinous 
insertion of the teres minor (TM); IS, infraspinatus; D, deltoid, severed proximally. B, Obliquely along the teres minor insertion, diagram 
shows the “muscular” (fleshy) insertion of the teres minor tendon; TM, teres minor; IS, infraspinatus. C, Teres minor (TM) is seen as a 
trapezoidal structure deep to the inferior deltoid (D); humerus (arrows). The insertion appears hypoechoic, as opposed to other rotator 
cuff tendon insertions that have more fibrinous and therefore more hyperechoic insertions.
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FIGURE 22-12. Short-axis view of supraspinatus and rotator cuff interval. A, In young and healthy individuals, the 
rotator cuff contrasts significantly in echogenicity with the deltoid. The cuff tendons appear hyperechoic relative to the deltoid. C, Coracoid 
process. B, In the rotator cuff interval, a hyperechoic “sling” surrounds the biceps. Fibers of the superior glenohumeral ligament (white 
arrow) are seen deep to the intracapsular biceps (B), and fibers of the coracohumeral ligament (black arrows) course superficially.
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Shallow erosion or irregularity of the bone surface under 
the tear was noted in 90% of tears; bone changes were 
present in all but four partial-thickness tears. Greater 
tuberosity irregularity was noted in 37 shoulders or in 
21% of shoulders in this study. Twelve shoulders showed 
irregular greater tuberosities and no rotator cuff tear. A 
statistically significant correlation between asymptom-
atic rotator cuff tears and irregularity of the greater 
tuberosity was found (Fig. 22-15).

Twenty of the full-thickness tears were considered 
large and involved more than one tendon. Three tears 

either the dominant or the nondominant arm (Fig. 
22-13). We found no statistically significant differences 
in the incidence of rotator lesions related to gender or 
reported level of exertional activities. However, the prev-
alence of rotator cuff tears in dominant and nondomi-
nant arms showed a linear increase after the fifth decade 
of life. This difference was statistically significant among 
patients in the third, fourth, and fifth decades and 
older.13 The cumulative percentage of partial-thickness 
and full-thickness tears was approximately 33% between 
ages 50 and 59 years, 55% between 60 and 69 years, 
70% between 70 and 79 years, and as high as 78% above 
age 80 (Fig. 22-14). A total of 25 full-thickness and 15 
partial-thickness tears were found. Sixteen individuals or 
64% of the people with tears had bilateral rotator cuff 
tears. The youngest subject with a partial-thickness tear 
was 35 years old. The youngest subject with a full-
thickness tear was 54 years old. The age range for partial-
thickness tears was 35 to 80. The age range of 
full-thickness tears was 54 to 92. The average age in the 
partial-thickness group was 56 years. The average age in 
the full-thickness group was 63 years.

In 19 cases (46%) the rotator cuff tears had associated 
intrasynovial fluid. In 15 of these patients the fluid was 
located in the biceps tendon sheath, and in the remain-
ing four cases it was located in the subacromial-subdel-
toid bursa. There were two individuals with tears and 
fluid in the biceps tendon sheath and in the bursa simul-
taneously. The infraspinatus recess appeared normal in 
all our patients. Eleven effusions were noted in the long 
biceps tendon sheath in subjects who did not have tears 
of the cuff. There was never excess fluid in the subacro-
mial-subdeltoid bursa in the absence of rotator cuff tear. 
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FIGURE 22-13. Asymptomatic rotator cuff tears. 
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adults in different age groups. Chart shows comparison between 
dominant and nondominant arms.
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FIGURE 22-14. Prevalence of stage 1 to stage 3 
impingement for dominant arm in different age 
groups. Abnormalities in the subacromial space were staged 
sonographically as follows: stage 1 if bursal thickness 1.5 to 
2 mm; stage 2 if bursal thickness over 2 mm; stage 3 if partial-
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FIGURE 22-15. Bone change in asymptomatic full-
thickness rotator cuff tear. Longitudinal scan through 
the supraspinatus tendon (ss) shows retraction of tissue (calipers). 
The bone surface of the uncovered greater tuberosity (gt) is irregu-
lar. The subdeltoid bursa (b) is filled with fluid. D, Deltoid 
muscle.
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were massive and greater than 4 cm in diameter, and 
three tears were small and less than 2 cm in width when 
measured over the base of the greater tuberosity. Ten 
partial-thickness tears were mixed echogenicity, and five 
were hypoechoic. Nine mixed-echogenicity lesions and 
two hypoechoic tears exhibited bone change in the 
greater tuberosity.

Our results indicate that the finding of a rotator cuff 
abnormality or an effusion in the biceps tendon sheath 
can be compatible with normal and pain-free mobility 
of the shoulder. Rotator cuff findings should be inter-
preted with care in patients over age 50. A rotator cuff 
tear is not necessarily the cause of the pain in an aging 
shoulder and can be an incidental finding. Degenera-
tive rotator cuff changes may be regarded as a natural 
correlate of aging, with a statistically significant linear 
increase after the fifth decade of life. On the one hand, 
clinical judgment must be used to distinguish asymp-
tomatic from symptomatic rotator cuff tears. On the 
other hand, finding a rotator cuff tear should not stop 
the clinician from searching for other causes of shoulder 
pain. Our shoulder ultrasound reading is done in con-
junction with the reading of the initial shoulder radio-
graphic evaluation. We have found missed primary or 
secondary neoplasms of bone, myeloma, and Pancoast 
tumors using this careful approach. Limited and painful 
shoulder elevation can result from a number of diseases, 
of which rotator cuff disease is the most common. 
Simultaneous occurrence of a full-thickness tear with a 
tumor in or around the shoulder is not rare in our 
experience.

Yamaguchi et al.48 studied the contralateral asymp-
tomatic arm of patients with symptomatic tears in one 
arm. In a follow-up averaging 2.8 years, 51% of asymp-
tomatic shoulders became symptomatic. In 23 patients 
the tears were reevaluated with ultrasound. None of the 
tears had healed, and none had become smaller. In 9 of 
the 23 patients the tears had increased in size. In patients 
with tears that were first asymptomatic and then symp-
tomatic, the ability of performing daily activities 
decreased significantly.

In a study of middle-aged tennis players, Brasseur 
et al.49 showed that tears of the rotator cuff were more 
than twice as common in the dominant arm. The tears 
discovered by ultrasound had been symptomatic at one 
time or other in 90% of the players. However, there was 
no relationship between the presence of a tear or calcifi-
cation at the time of the study and the presence or 
absence of pain.4

PREOPERATIVE APPEARANCES

Criteria of Rotator Cuff Tears

Rotator cuff ultrasound has become more popular partly 
because the imaging of the rotator cuff has been per-

fected with a high degree of sophistication. In addition, 
patients and clinicians have contributed to the recent 
surge in interest in shoulder ultrasound. Patients who 
have undergone both ultrasound and MRI of the shoul-
der prefer ultrasound over MRI.50,51 Clinicians who have 
thorough knowledge of shoulder anatomy and pathology 
now have access to compact ultrasound technology. 
These physicians see the advantages with in-office ultra-
sound; the technique is low cost and provides the oppor-
tunity for patient education during the visit.20,22

With respect to the reproducibility of the study of 
the rotator cuff, several radiologists have tested agree-
ment between experienced radiologist readers and have 
found good to excellent interobserver agreement for full-
thickness rotator cuff tear evaluation (kappa values 
between 0.6 and 0.81). In cases of partial-thickness  
tears and for intratendinous changes, the interobserver 
variability was higher.52-54 O’Connor et al.54 noted poor 
agreement between an experienced operator and a less 
experienced operator with only 6 months of training in 
shoulder ultrasound. This study concluded that rigorous 
training with measurement of competency will be 
required if the medical community wants to keep this 
technique at its current degree of diagnostic credibility.

Previously published sonographic criteria for rotator 
cuff pathology can be categorized into four groups:  
nonvisualization of the cuff, localized absence or focal 
nonvisualization, discontinuity, and focal abnormal 
echogenicity.55

Nonvisualization of the Cuff

Direct contact of the humeral head with the acromion 
is an indication of massive cuff tear. In this situation the 
ultrasound image shows deltoid muscle directly on top 
of the humeral head (Fig. 22-16). In some cases, thick-
ened bursa and fat will be noted between the deltoid 
muscle and the surface of the humeral head. This tissue 
layer is more hypoechoic and patchy in texture. The 
thickness of this layer will depend on the location of the 
tear, but generally it will be thinner and more irregular 
than the normal cuff layer. Some bursae have been noted 
to be up to 5 mm thick. This synovial layer has been 
mistaken for normal cuff by the inexperienced sonogra-
pher. With massive tears, exceeding 4 cm, the humeral 
head may ascend through the defect because of pulling 
of the deltoid muscle. The supraspinatus tendon is 
retracted under the acromion, and as a rule, surgical 
reattachment will be challenging at this stage (Fig. 
22-17). The extent of tear should be reported because 
multiple tendons are often involved. The diagnosis of 
these tears can be predicted on shoulder radiographs. 
Some centers use radiographs with comparison views 
during active shoulder abduction or anteroposterior 
supine views of the subacromial space to counteract the 
gravitational pull on the humerus.56 The subacromial 
space should not be smaller than 5 mm.
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sclerosis, fragmentation of the tuberosity, and crystal 
deposition beyond the tidemark.58 The changes of the 
architecture of the tuberosity manifest as fewer trabecu-
lae and fewer connections between trabeculae. The vast 
majority of such tears will occur anteriorly in the supra-
spinatus tendon and in the critical zone. Characteristi-
cally, a small amount of tissue will be preserved 
surrounding the biceps tendon. Ideally, such tears can 
be confirmed in two perpendicular scan planes. Some-
times this will not be possible because the tear may show 
full thickness in one plane but may not be identified as 
such in the orthogonal plane. This phenomenon has 
been attributed to partial-volume averaging in tears that 
are smaller than the footprint of the transducers. Small 
horizontal tears typically appear on longitudinal images 
but can be missed on transverse images.57 A helpful 

Focal Nonvisualization of the Cuff

Smaller tears will appear as localized absence of supra-
spinatus tendon or, in rare cases, local absence of sub-
scapularis or infraspinatus tendon. The most common 
tear pattern is caused by disease at the tendon-bone junc-
tion. The tendon will retract from the bone surface, 
leaving a bare area of bone (Fig. 22-18). This finding has 
been reported in the past as the “naked tuberosity” 
sign.57 The bone surface of the greater tuberosity and 
anatomic neck of the humerus are irregular in approxi-
mately 79% of this type of tears; anatomic study con-
firmed these bone changes.58 This pathologic process 
affects not only the surface of the bone, but also the 
internal structure of the greater tuberosity. The exterior 
changes consist of pitting of the cortex, erosion of bone, 
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FIGURE 22-16. Nonvisualization of cuff. A, Transverse view shows the deltoid muscle (D) in direct contact with the humeral 
head (H). Hyperechoic layer (curved arrow) of fat lies deep to the deltoid; this layer is interposed between deltoid and humerus. B, Lon-
gitudinal view through the expected location of the supraspinatus tendon; supraspinatus is absent. Hyperechoic layer of fat (curved arrow) 
is noted deep to the deltoid (D). H, Humeral head.

SS

RHT COMP LFT

FIGURE 22-17. Irreparable rotator cuff tear. Longitudinal right-left comparison shows a significant discrepancy in the thick-
ness of the soft tissues. The supraspinatus tendon (SS) appears normal in the asymptomatic left shoulder (LFT). The supraspinatus tendon 
in the right (RHT) shoulder is retracted out of sight. The deltoid and the subdeltoid fascial layer cover the humeral head directly. Arthros-
copy showed the torn edge of the supraspinatus tendon withdrawn beyond the glenoid cavity. The rotator cuff defect was deemed 
irreparable.
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tendon is not repaired onto the tuberosity anatomically 
with a broad insertion but with a tapered end. It is well 
known that a number of these reconstructions fail to be 
watertight even after successful surgery. The rents in the 
capsule cause additional focal thinning. In a patient with 
a negative baseline study, re-tears can be identified by 
visualizing anechoic fluid leaking through a tear.

Discontinuity in the Cuff

The term discontinuity has been used for tears located 
more proximally in the tendon. These tears tend to be 
of the vertical type and are more often traumatic.57,59 
The patient may have a history of prior shoulder disloca-
tion. Discontinuity is observed when the small defects 
fill with joint fluid or hypoechoic reactive tissue60 (Fig. 
22-19). Such defects are often accentuated by placing the 
arm in extension and internal rotation (Fig. 22-20). 
Often, a small amount of bursal fluid is also present. The 
sonographer can use this fluid as a natural contrast 
medium to show the tear in more detail. Manual com-
pression of the subdeltoid bursa can move the fluid 
through the tear into the joint. This maneuver will show 
the tear more clearly. A focally bright interface around a 
segment of hyaline cartilage and deep to hypoechoic 
tendon is considered a sign of a full-thickness tear (see 
Fig. 22-19). This sign has been named the cartilage-
interface sign in an earlier report.57

Focal Abnormal Echogenicity

Cuff echogenicity may be diffusely or focally abnormal. 
Diffuse abnormalities of cuff echogenicity have proved 
to be unreliable sonographic signs for cuff tear, especially 

finding is the “infolding” of bursal and peribursal fat 
tissue into the focal defect. With few exceptions, this 
infolding is a sign of a full-thickness tear. If the tear is 
larger, bursal and peribursal tissue will approximate the 
bone surface (Fig. 22-18). Large bursal surface tears can 
occasionally show this pattern of infolding.50

Focal nonvisualization should not be confused with 
segmental thinning of cuff after rotator cuff surgery. 
This thinning is normal after most tendon-bone reim-
plantations. In these patients a bony trough is detected 
as a rounded or V-shaped defect in the humeral contour. 
The tendon is brought down into this narrow slit. The 
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FIGURE 22-18. Horizontal full-thickness tear. Lon-
gitudinal image through the supraspinatus tendon (S) shows 2-cm 
retraction of the torn tendon (distance between calipers). Bursa 
and peribursal fat (curved arrow) rest directly on the irregular bone 
surface of the greater tuberosity (gt). E, Humeral epiphysis.
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FIGURE 22-19. Vertical full-thickness tear. Left, Longitudinal, and right, transverse, split-screen images through the supraspi-
natus tendon (Su) show an anechoic area of discontinuity (large arrows) within the rotator cuff layer. The cartilage of the humeral head 
is surrounded by a bright interface (small arrows). De, Deltoid muscle.
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defects that violate the surface may be considered tears 
by the arthroscopist (Fig. 22-22). Intrasubstance lesions 
are the most common type of partial lesions and account 
for almost 50% of the defects. We do not call them 
“tears” because they are not considered tears by the sur-
geons who cannot observe them by direct tendon inspec-
tion. This poses a diagnostic problem similar to that of 
intrasubstance lesions of the menisci seen on MRI 
studies. Associated bone or synovial findings may be 
helpful if the ultrasound findings are equivocal.61 Tissue 
harmonics makes the intratendinous cleavage or delami-
nation stand out more visibly. Because of this new tech-
nology, diagnostic accuracy for partial-thickness tear has 
recently improved.62

when there is no associated bone surface change.61 Focal 
abnormal echogenicity has been associated with small 
full-thickness and partial-thickness tears. An area of 
increased echogenicity might represent a new interface 
within the tendon at the site of fiber failure, as observed 
in some partial-thickness tears.8 The small, linear or 
comma-shaped hyperechoic lesion is often surrounded 
by edema or fluid and appears as a hypoechoic halo (Fig. 
22-21). The partial-thickness tears are similar to the rim 
rents first observed pathologically by Codman.10 A 
slightly different type of partial-thickness tear can appear 
as an anechoic spot on the articular or bursal side of the 
tendon.8 Careful inspection of the synovial surfaces of 
the tendon is necessary. Only those focal hypoechoic 
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FIGURE 22-20. Discontinuity of the cuff. A, Transverse scans of the supraspinatus tendon (SUP) in neutral position. B, Trans-
verse scans of the supraspinatus tendon with the arm in extension and internal rotation show a small tear filled with fluid (arrowheads). 
Note the tear is more distinctly visible with the arm in extension. D, Deltoid muscle; arrows, subdeltoid bursa.

A B

FIGURE 22-21. Focal abnormal echogenicity. A, Longitudinal supraspinatus tendon view of an articular side partial-thickness 
tear, the so-called rim rent. A linear hyperechoic lesion in the supraspinatus tendon (open arrow) is surrounded by hypoechoic edema 
(curved arrows). B, Transverse supraspinatus tendon view of same partial-thickness defect. The same hyperechoic lesion is noted.
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the diagnosis of rotator cuff tears. Similar results were 
found by Farin et al.64 In our prospective study of 
rotator cuff disease, all patients with fluid in the bursa 
had a rotator cuff tear.13

Joint Effusion

Joint fluid can be found in the joint recesses, including 
the infraspinatus, subcoracoid, and axillary recesses. In a 
patient who sits in the upright position, most fluid will 
accumulate in the dependent portion of the biceps 
tendon sheath. Approximately half of these effusions are 
associated with rotator cuff tears.6 The other half result 
from a variety of articular causes of shoulder disease. 
When a large fluid collection is found in the infraspina-
tus recess without fluid in the subdeltoid bursa, inflam-
matory or infectious causes of joint disease should always 
be excluded.41

Associated Findings

Subdeltoid Bursal Effusion

Visualization of subdeltoid bursal effusion is the most 
reliable associated finding of rotator cuff tear (Fig. 
22-23). It is found in both full-thickness and partial-
thickness tears. Anechoic fluid differs from hypoechoic 
edema of the bursal synovium. Edema is a common 
finding in shoulder impingement but is only rarely  
associated with a tear. Edema and fluid can be distin-
guished from each other using the transducer compres-
sion test. A synovial recess filled with fluid will be 
emptied by compression; a recess with synovial edema 
changes little in shape. Other causes for fluid in the 
bursa include calcium milk with synovitis and septic 
bursitis. Hollister et al.63 found that the sonographic 
appearance of bursal fluid had a specificity of 96% for 
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FIGURE 22-22. Focal abnormal echogenicity. A, 
Transverse supraspinatus tendon view of a bursal-side partial-
thickness tear. The hypoechoic change violates the bursal surface 
(arrows). B, Transverse supraspinatus tendon view of hypoechoic 
change within the substance of the tendon. C, Longitudinal 
view through the same abnormality as in B. The hypoechoic 
disruption appears intrasubstance (arrows); intact tendon fibers 
(large arrow), which are seen curving toward the bone, still cover 
the articular surface of the tendon. The greater tuberosity surface 
is irregular (small black arrows). Such lesions cannot be seen on 
arthroscopy.
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tears of the rotator cuff. Sofka et al.68 demonstrated that 
fatty atrophy shows as increased echogenicity in muscles 
with torn tendons. The teres minor tendon was men-
tioned as the only muscle that occasionally atrophies 
without being torn. Newer methods of estimating 
atrophy have used criteria that assess the surface of the 
tendon and visibility of the pennate structure and central 
aponeurosis.69,70 The most reproducible measurement 
thus far has been the “occupation ratio,” which can be 
assessed on sagittal images at the level of the suprascapu-
lar notch medial to the acromial process.70

Pathology of Rotator Cuff Interval

The subscapularis, superior glenohumeral, and coraco-
humeral ligaments can be distinguished from the con-
joint tendons of the rotator cuff. High-frequency 
transducer technology currently available allows the 
diagnosis of hyperemia and fibrosis, seen as a mass within 
the interval of patients with adhesive capsulitis.71 In dia-
betic patients in particular, the differential diagnosis 
occasionally must be made between rotator cuff tears and 
adhesive capsulitis. Tears of the rotator cuff interval and 
abnormalities of the subscapularis have also been diag-
nosed with more confidence recently. Detection of these 
tears is important because these defects require an open 
approach different from the arthroscopic surgical 
approach of the more common tears of the supraspinatus 
and infraspinatus tendons.72,73

POSTOPERATIVE APPEARANCES

The literature suggests that sonography can play an 
important role in the postoperative follow-up after 
rotator cuff repair.74,75 Because surgery may distort sono-

Concave Subdeltoid Fat Contour

In the normal shoulder, the bright linear echoes from 
the subdeltoid bursal fat are convex. Concavity of the 
subdeltoid contour may be noted in medium and large 
tears, reflecting the absence of cuff tendon. It may be 
possible to approximate the deltoid and the humeral 
surface even in smaller tears using transducer compres-
sion at the site of the tear.

Bone Surface Irregularity

Only recently has bone irregularity been cited in imaging 
literature as an important and common associated 
finding in rotator cuff tears.8,10,58,65 The majority of par-
tial-thickness and full-thickness tears of the distal 1 cm 
of the rotator cuff are associated with small bone spurs 
and pits in the bone surface of the greater tuberosity. Use 
of higher-frequency transducers for rotator cuff imaging 
may have made these findings more evident. The tuber-
osity abnormality matches the tendon abnormality in 
location, size, and shape. The cause of the abnormality 
is unknown. Trauma from an impaction of the tuberos-
ity on the acromion during shoulder elevation has been 
considered.

Tear Size and Muscle Atrophy

Several studies have attempted to quantify rotator cuff 
tears. Ultrasound is capable of measuring tears as accu-
rately as MRI if the tears are relatively small. However, 
both MRI and ultrasound tend to underestimate the size 
of tears compared with measurement at surgery. If the 
diameter of the tear exceeds 3 cm, ultrasound assessment 
is more limited.66,67 New emphasis has been placed on 
quantifying the muscle loss that accompanies chronic 
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FIGURE 22-23. Subdeltoid bursal effusion. A, Transverse view over the anterior shoulder demonstrates fluid in two different 
synovial compartments. Synovial effusion (s) surrounds the long biceps tendon (B). This fluid does not extend beyond the biceps groove. 
The larger collection of fluid noted deep to the deltoid fills the subdeltoid bursa and extends both medial and lateral to the confines of 
the groove. B, Longitudinal scan of the long biceps tendon shows joint effusion (s) extending deep to the tendon. The subdeltoid bursa 
extends as a large sac over the anterior aspect of the shoulder. Fluid in joint and bursa signifies rotator cuff tear in most patients.
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made perpendicular to the axis of the supraspinatus 
tendon. The reimplantation trough is placed in the 
humerus at a site that provides optimal tendon tension. 
The trough appears sonographically as a defect in the 
humeral contour, which is best viewed with the trans-
ducer longitudinal to the supraspinatus tendon (Fig. 
22-25, A), with the shoulder in extension. Suture mate-
rial may be seen deep in the trough as specular echoes. 
Scanning the arm in extension and internal rotation may 
be necessary to visualize this site of tendon reimplanta-
tion, especially when it is medially placed (Fig. 22-25, 
B). Failure to scan in this position may lead to a false-
positive diagnosis. Such a maneuver, however, should be 
used with care, especially in the immediate postoperative 
period, to avoid reinjury of the friable, newly reim-
planted tendons.

Recent improvements in arthroscopic repair have  
culminated in a more anatomic tendon reconstruction. 
The two-row repair shows as two reflective surfaces  
at the placement of the anchors, best seen on longi-
tudinal images. One anchor is typically placed close  
to the articular margin (medial anchor) and one more 
laterally in the tuberosity.76 The number of anchors 
is proportionate to the size of the original defect in  
the cuff.

Sonographic appearances of the cuff tendons never 
return to normal in the postoperative patient. Tendons, 
especially the supraspinatus, are often echogenic and 
thinned when compared with the contralateral shoulder. 
Joint effusions are common and best visualized along the 
biceps tendon. Because resection of the subdeltoid bursa 
removes an important landmark, dynamic scanning is 
especially important in distinguishing a thin, hypere-
choic cuff from adjacent deltoid muscle.

In patients with shoulder arthroplasty, ultrasound can 
be used to demonstrate tears that develop postopera-
tively.77 These tears can explain postoperative shoulder 
pain in some patients. The subscapularis tears in particu-
lar are important lesions to detect because they can lead 
to further deterioration of the shoulder function through 
anterior instability.78

Recurrent Tear

Sonographically, recurrent tears most often appear as 
absence of the cuff. Fluid filling a defect in a rotator 
cuff repair and loose sutures or screws are other indica-
tions of recurrent tear (Fig. 22-26). Unless baseline 
scans are available in the postoperative period, it may be 
difficult to differentiate small, recurrent tears from the 
appearances created when only a small amount of cuff 
tendon remains to be reattached. Thinning of the 
tendon is useless as a criterion, and bone irregularity is 
the rule in the postoperative patient. Recurrent tears are 
common, occurring in up to 40% of patients with 
repair of a small defect and 80% of patients with large 
tears preoperatively.

graphic landmarks, sonography in the postoperative 
patient is more difficult than in the preoperative patient. 
It is therefore important to understand the surgical pro-
cedures used in acromioplasty and cuff repair.

In acromioplasty the anterior inferior aspect of the 
acromion is surgically removed. Sonographically, this 
appears as disruption of the normal, rounded, smooth 
acromial contour. After surgery, the acromion appears 
pointed (Fig. 22-24). Because the inferior aspect of the 
acromion is removed, a greater extent of the supraspina-
tus tendon may be visualized.

Repair of a cuff tear creates unique sonographic land-
marks. The cuff tendons are reimplanted into a trough 
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FIGURE 22-24. Rotator cuff repair. A, Drawing demon-
strates the surgical technique for cuff reimplantation, with cre-
ation of trough (arrow) in the humeral head, reimplantation of 
the residual tendon within that trough, and characteristic method 
of suture placement. B, Longitudinal supraspinatus tendon (SUP) 
image shows characteristic appearances of reimplantation trough 
(arrows). Acromioplasty defect (open arrow) is also visualized. D, 
Deltoid muscle; GT, greater tuberosity; curved arrow, reimplanta-
tion suture. (From Mack LA, Nyberg DA, Matsen FA 3rd, et al. 
Sonography of the postoperative shoulder. AJR Am J Roentgenol 
1988;150:1089-1093.)
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FIGURE 22-25. Postoperative rotator cuff: importance of examination during extension. A, Longitudinal 
supraspinatus tendon view in neutral position of a patient after repair of full-thickness rotator cuff tear demonstrates the reimplantation 
trough, but fails to reveal evidence of the supraspinatus tendon, thus suggesting recurrent injury. B, Scan with the arm in extension and 
internal rotation demonstrates that the repair is intact. The residual supraspinatus tendon (SUP) is thinned. Note absence of characteristic 
echoes of the subdeltoid bursa (arrowheads). AS, Acromial shadow; D, deltoid muscle; GT, greater tuberosity; arrows, reimplantation 
trough. (From Mack LA, Nyberg DA, Matsen FA. Sonographic evaluation of rotator cuff. Radiol Clin North Am 1988;25:161-177.)

Humerus

Deltoid

FIGURE 22-26. Recurrent tear: postoperative 
ultrasound examination. Longitudinal scan along the 
deltoid muscle in the region of the reimplantation trough (arrow). 
A loose suture (small arrows) is noted within the subdeltoid bursal 
effusion. The supraspinatus has left this subdeltoid space. The 
proximal humerus has an abnormal, round appearance. The  
anatomic neck has disappeared through the process of bone 
remodeling.

PITFALLS IN INTERPRETATION

Inadequate transducer positioning is the most common 
error in scanning the rotator cuff. False-positive and 
false-negative results may be produced in this manner. 
For example, scanning the supraspinatus tendon trans-
versely with the transducer placed laterally may artifactu-
ally mimic a rotator cuff tear. An oblique transverse scan 
of the supraspinatus tendon can be falsely reported as 

thinning of the cuff. The examiner must therefore view 
the cuff in two orthogonal planes. Visualization of neatly 
depicted bony contour will help in avoiding these 
pitfalls.

A cause of tendon heterogeneity is the geometric rela-
tionship of the tendon to the transducer. As demon-
strated by Crass et al.79 and Fornage,80 failure to orient 
the transducer parallel to the fibers of the tendon may 
result in artifactual areas of decreased echogenicity (Fig. 
22-27). When only a small area of the tendon is parallel 
to the transducer, a focal area of increased echogenicity 
may be produced, mimicking a small, partial-thickness 
or full-thickness tear. This artifact is especially pro-
nounced with sector transducers.

ROTATOR CUFF CALCIFICATIONS

Calcifications can affect any of the four tendons of the 
rotator cuff. Subscapular tendon calcifications can be 
particularly difficult to diagnose without the aid of ultra-
sound. The calcium can burst out from the tendon into 
the subacromial-subdeltoid bursa and cause an acute and 
very painful inflammatory synovitis.81 Standard texts on 
calcific tendinitis have distinguished a chronic phase of 
formation and an acute phase of resorption.82 Ultra-
sound appears incapable of staging calcium according to 
these phases. However, increases in color Doppler signal 
have been noted in more painful calcifications.83 Ultra-
sound has also shown great potential in demonstrating 
the physical form of the crystal deposition.84 Aggregates 
of calcium can be solid, pastelike, or liquid (Fig. 22-28). 
The liquid deposits appear hyperechoic without shadow; 
the calcium paste casts a vague shadow; and hard depos-
its show with distinct acoustic shadow. This unique 
capability of ultrasound aids in the treatment when 
ultrasound is used to localize and aspirate calcium.85,86
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A B

FIGURE 22-27. Artifactual areas of decreased tendon echogenicity. A and B, Two views of the same supraspinatus 
tendon demonstrate considerable changes in echogenicity that may be artifactually created by transducer position and orientation.
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FIGURE 22-28. Rotator cuff calcifications. A, Longitu-
dinal image of the supraspinatus (S) shows striated areas of 
hypoechogenicity (arrow) in the supraspinatus insertion; D, deltoid. 
B, Transverse view confirms the abnormal echogenicity (arrows) 
within substance of the supraspinatus (S); Bi, intracapsular biceps. 
There is no distinct shadowing behind these deposits. C, Shoulder 
radiograph confirms that this hyperechogenicity represents calcifica-
tion (arrow).
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Before the procedure, the clinician will decide on the 
size and number of needles necessary for treatment. 
Expectations for complete recovery are lower if the pain 
is caused by rock-type calcifications. A small amount of 
corticosteroid is then often added after multiple passes 
have been made through the calcium, using 16- to 
18-gauge needles. In a retrospective study of 44 patients 
at a minimum of 8 months’ follow-up, 75% of patients 
noted statistically significant improvement after the 
lavage of calcium under ultrasound guidance.87 The 
authors noted the need for randomized clinical trials on 
this subject, in part because the natural history of calcific 
tendinitis can result in spontaneous healing. When all 
other treatment of calcifications fails, calcium deposits 
can be marked under ultrasound guidance to add preci-
sion to the surgical evacuation of the lesions.88
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The tendons of the extremities are particularly well 
suited for sonographic examination using high-frequency 
transducers (up to 20 MHz) because of their superficial 
location. Also, tendons are best evaluated dynamically 
during their gliding motion, for which the unique real-
time capability of sonography is invaluable. Sonography 
of the musculoskeletal system in general and of the 
tendons of the extremities in particular continues to 
grow in popularity, with tendon sonography now exten-
sively performed by rheumatologists, orthopedic sur-
geons, physiatrists, and sports medicine physicians. This 
has led to the replication of many early studies per-
formed by radiologists.

Sonography has become the first-line imaging modal-
ity in many centers specializing in musculoskeletal 
imaging and sports medicine worldwide, even where 
magnetic resonance imaging (MRI) is available. Indeed, 
in expert hands, high-frequency sonography, combined 
with physical examination and plain radiography, can 
solve many diagnostic challenges, making MRI unneces-
sary. The vast majority of tendon disorders are related to 
trauma and inflammation and are associated with ath-
letic or occupational activities that result in overuse of 
the tendon, mostly through excessive tension or repeti-
tive microtrauma.

ANATOMY

Tendons are made of dense connective tissue and are 
extremely resistant to traction forces.1 The densely 

packed collagen fibers are separated by a small amount 
of ground substance with a few elongated fibroblasts and 
are arranged in parallel bundles. The peritenon is a layer 
of loose connective tissue that wraps around the tendon 
and sends intratendinous septa between the bundles of 
collagen fibers. In large tendons, blood and lymphatic 
vessels course with nerve endings in these septa, whereas 
small tendons are almost avascular. At the musculoten-
dinous junction, muscle fibers interdigitate with collagen 
fibrils. The bony insertion of tendons is usually calcified 
and characterized by cartilaginous tissue. Tendons 
usually attach to tuberosities, spinae, trochanters, pro-
cesses, or ridges. Blood supply to tendons is poor, and 
nutritional exchange occurs mostly through the ground 
substance. With aging, the ground substance and fibro-
blasts decrease, whereas the fibers and fat in the tendon 
increase.

In certain areas of mechanical constraint, tendons  
are associated with additional structures that provide 
mechanical support, protection, or both. Fibrous 
sheaths keep certain tendons close to the bones and 
prevent them from “bowstringing”; examples include the 
flexor and extensor retinacula in the wrist, the fibrous 
sheaths (“pulleys”) of the flexor tendons in the fingers, 
and the peroneal and flexor retinacula in the foot. The 
sesamoid bones are intended to reinforce tendons’ 
strength. Synovial sheaths are double-walled tubular 
structures that surround some tendons; the inner wall of 
these sheaths is in intimate contact with the tendon, and 
the two layers are in continuity with each other at both 
ends and also occasionally through a mesotenon. A 
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Real-time spatial compound scanning involves the 
acquisition of echoes at a given point in an image using 
multiple different apertures generated by computed 
beam-steering technology. The images obtained from 
the multiple lines of sight are compounded in real time. 
Real-time compound scanning has shown some success 
in reducing the amount of speckle in the image, making 
uniform tissue appear more uniform and boundaries 
more continuous (Fig. 23-4). This may appear beneficial 
in imaging the fibrillar texture of tendons and reducing 
the anisotropy artifact. These potential benefits must be 
carefully weighed against the risks; the unavoidable blur-
ring associated with this technique obscures minute 
lesions, and the reduction or disappearance of subtle 
useful artifacts, such as fine trails of shadowing or comet-
tail artifacts, may prevent the detection of tiny reflectors, 
such as foreign bodies or microcalcifications.

Electronic beam steering is available on some high-
end scanners. This may be useful when the beam from 
the linear array transducer is not perpendicular to the 
tendon and needs to be corrected slightly to hit the 
tendon fibers at a 90-degree angle.4 This technique helps 
reduce the anisotropy artifact related to the obliquity or 
concavity of tendons without the blurring associated 
with real-time spatial compound scanning (Fig. 23-5). 
In addition, beam steering changes the image format of 
linear array transducers from rectangular to trapezoidal 
and thus widens the FOV.

Tissue harmonic imaging (THI) is available with 
high-frequency linear array transducers. Because THI 
boosts both spatial and contrast resolutions, it can help 
in confirming the anechoic appearance of minute and 
deep-seated fluid collections, such as small joint effusions, 
ganglia, or early acute tenosynovitis, which would other-
wise display spurious echoes on fundamental imaging.

Color Doppler imaging is now available not only on 
high-end but also on midrange and even laptop-type 

minimal amount of synovial fluid allows the tendon to 
glide smoothly within its sheath. Large tendons (e.g., 
patellar, Achilles) lack a synovial sheath and are sur-
rounded instead by a sheath of loose areolar and adipose 
tissue known as paratenon. Synovial bursae are small, 
fluid-filled pouches found in particular locations that act 
as bolsters to facilitate the motion (play) of tendons.

INSTRUMENTATION AND 
SONOGRAPHIC TECHNIQUE

Because of their wider field of view and their better reso-
lution in the near field relative to those of other types of 
transducers, linear array electronic transducers are the 
best choice for tendon sonography. Images of exquisite 
resolution are obtained with the broad-bandwidth (e.g., 
5-12 MHz, 7-15 MHz) linear array transducers that are 
available on current state-of-the-art scanners (Fig. 23-1). 
Some mechanical transducers of up to 20 MHz are also 
found on some commercially available scanners.

The width of the field of view (FOV) of most high-
frequency broadband linear array transducers is limited 
to about 4 cm. Although most scanners allow splitting 
of the screen on the monitor to obtain a montage of two 
contiguous scans, thereby doubling the width of the field 
of view, the measurements of lesions that straddle the 
two half screens are inaccurate if the two contiguous 
views overlap. The image processing technique known 
as extended–field of view or panoramic imaging allows 
stretching the FOV width up to 50 to 60 cm. With the 
accurate measurement of the structures visualized on 
those extended sonograms, this technique removed a 
long-standing limitation of real-time sonography and 
has been particularly effective in musculoskeletal sonog-
raphy, in which long anatomic segments or lesions are 
often scanned2,3 (Figs. 23-2 and 23-3).

FIGURE 23-1. Normal patellar tendon. Longitudinal sonogram of the midportion of the patellar tendon using a 5 to 13–MHz 
linear array transducer shows the fibrillar echotexture of the tendon (arrows).



904  PART III ■ Small Parts, Carotid Artery, and Peripheral Vessel Sonography

Color Doppler imaging has been used to evaluate and 
quantitate the excursion velocity and gliding character-
istics of some tendons in the hand.6-8 Anecdotal reports 
on the use of ultrasound contrast agents to enhance the 
visibility of the blood supply to the largest tendons9-11 
are of academic interest and probably not clinically 
significant.

Elastography (or elasticity imaging) is the mapping 
of elasticity of tissues. This can be achieved with MRI 
or with sonography. Although manufacturers recently 
commercialized software providing elastograms, thus far 

portable scanners, and it is always good practice to use 
it when evaluating inflammatory or tumoral conditions. 
Power Doppler imaging is preferred because of its 
greater sensitivity in flow detection, especially in light of 
the low baseline vascularity of tendons. It is important 
to keep in mind that the color Doppler signals associated 
with inflammatory conditions of tendons are easily oblit-
erated by even modest pressure exerted with the trans-
ducer, or when the tendon is stretched, such as by flexion 
of the knee for the patellar tendon or dorsiflexion of the 
foot for the Achilles tendon5 (Figs. 23-6 and 23-7). 

P T

FIGURE 23-2. Normal patellar tendon. Longitudinal extended–field of view sonogram shows both insertions (arrows) of the 
patellar tendon; P, patella; T, tibia.

FIGURE 23-3. Normal Achilles tendon. Longitudinal extended-field-of-view sonogram shows the entire length of the Achilles 
tendon (arrowheads) from its origin to its insertion into the calcaneus (C); K, Kager’s fatty triangle; FHL, flexor hallucis longus muscle; 
S, termination of soleus muscle; T, tibia.

P

T

FIGURE 23-4. Real-time spatial compounding. Real-time spatial compound longitudinal sonogram of the patellar tendon 
shows the tendon margins well. Note the associated blur. P, Patella; T, tibia.
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Once mandatory with the use of 7.5-MHz probes, 
standoff pads are no longer needed with the use of high–
frequency transducers, whose focal zone can be adjusted 
to the very first millimeters of the scan. However, a thin 
standoff pad remains useful for evaluating very superfi-
cial tendons, such as the extensor tendons of the fingers 
at the dorsum of the hand, or tendons coursing in regions 
with an uneven surface, such as the flexor tendons in the 
fingers12 (Fig. 23-9). A standoff pad is also used to cor-

these images remain crude, difficult to obtain, and of 
questionable clinical value.

A combination of longitudinal and transverse scans 
provides a three-dimensional (3-D) approach to tendon 
examination. Ultrasound scanners capable of 3-D recon-
struction of sonograms are commercially available, but 
no direct benefit of the use of 3-D sonography in the 
evaluation of superficial tendons has been reported to 
date (Fig. 23-8).

P

T

FIGURE 23-5. Electronic beam steering. Longitudinal sonogram of the patellar tendon using electronic beam steering to achieve 
a trapezoidal format. This allows the beam to remain perpendicular to the tendon fibers even at the patellar insertion, thus avoiding areas 
of false hypoechogenicity. P, Patella; T, tibia.

P
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FIGURE 23-6. Effect of examination technique on power Doppler findings: patellar tendinitis. A, Longitudinal 
sonogram obtained without pressure exerted on the tendon with the transducer shows significant hypervascularity; P, patella. B, Longi-
tudinal sonogram obtained with the usual pressure applied with the transducer shows the nearly complete disappearance of hypervascularity 
on the power Doppler vascular signals; P, patella.

P
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FIGURE 23-7. Effect of examination technique on power Doppler findings: patellar tendinitis. A, Longitudinal 
sonogram obtained with the knee extended shows substantial hypervascularity; P, patella. B, Longitudinal sonogram obtained with the 
knee flexed shows the nearly complete disappearance of vascularity seen by the power Doppler signals; P, patella.
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relate the sonographic findings with the palpation find-
ings. This is accomplished by sliding one or two fingers 
of one hand between the pad and the skin while keeping 
the transducer in place over the region of interest with 
the other hand. This palpation under “sonoscopy” allows 
the clinician to focus during real-time observation with 
sonography on the region of palpable concern and, con-
versely, to appreciate the firmness of the sonographic 
abnormality. When a standoff pad is used, care should 
be taken to maintain the ultrasound beam strictly per-
pendicular to the region being examined and avoid 
artifacts.13

When examining tendons with sonography, the oper-
ator should take full advantage of the real-time capability 
by examining the tendon at rest and during active and 
passive mobilization through flexion and extension 
maneuvers.13 A valuable reference for the normal 
anatomy of the region being examined is obtained by 
scanning the corresponding area in the contralateral 

L T L T

FIGURE 23-8. Three-dimensional sonographic examination of flexor tendons of fingers in palm. Top left, 
Reconstructed coronal sonogram shows the flexor tendons (T) of the third and fourth fingers and the companion lumbrical muscles (L). 
Top right, Volume rendering; bottom left, transverse sonogram; bottom right, longitudinal sonogram.

P1
P2

P3

FIGURE 23-9. Normal finger. Longitudinal extended-field-of-view sonogram obtained with a thin standoff pad shows the normal 
superficial and deep flexor tendons (arrows) coursing along the phalanges; P1, first phalanx; P2, second phalanx; P3, third phalanx. Note 
that the tendons exhibit normal echogenicity only in the segments that are parallel to the linear array transducer; the tendons are falsely 
hypoechoic in the segments that lie oblique to the beam.

TENDON SONOGRAPHY: 
EXAMINATION TECHNIQUE

Use linear array transducer.
Use highest frequency available.
Identify and correct anisotropy-related artifacts 

(false hypoechogenicity) caused by improper 
angle of insonation of the tendon.

Always combine longitudinal and transverse scans.
Check contralateral tendon for reference.
Perform dynamic examination during flexion and 

extension maneuvers.
Use power Doppler sonographic imaging.

extremity or region, although the clinician should always 
consider the possibility of bilateral tendon disorders.

Another advantage of real-time sonography is the 
accurate guidance during interventional procedures. 
Aspiration of fluid from or injection of drugs or contrast 
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ducer’s footprint. Rocking the transducer by pressing 
more firmly on one end usually suffices to bring the 
footprint of the probe back in a direction parallel to the 
tendon’s axis. When the anisotropy artifact is caused by 
a tendon’s curved (concave or convex) course, straighten-
ing the tendon through muscle contraction usually clears 
the artifact (Fig. 23-16). If this is not possible, the alter-
native is to examine the tendon segment by segment, 
changing the position of the probe so its footprint is 
parallel to the segment of the tendon being examined. 
Transverse scans are equally affected by the tendon 
anisotropy artifact, with falsely hypoechoic sections 
being displayed whenever the transverse scan plane is  
not perpendicular to the tendon’s axis (Fig. 23-16, G 
and H).

Shoulder

Sonography of the rotator cuff and the rest of the shoul-
der is discussed in Chapter 22.

Elbow

The anterior and lateral aspects of the elbow are best 
examined with the elbow extended. The common exten-
sor tendon, which includes tendons from the extensor 
digitorum, extensor digiti minimi, extensor carpi ulnaris, 
and extensor carpi radialis brevis muscles, inserts into the 
lateral aspect of the lateral epicondyle (Fig. 23-17). Simi-
larly, a common tendon of origin for the superficial 
flexor muscles, which include the pronator teres, flexor 
carpi radialis, palmaris longus, flexor carpi ulnaris, and 
flexor digitorum superficialis muscles, inserts into the 
medial epicondyle. At the anterior aspect of the extended 
elbow, the tendon of the biceps brachii muscle can be 
visualized as it inserts into the radial tuberosity. Because 
of the oblique direction of that tendon, it usually appears 
slightly hypoechoic (Fig. 23-18). The cubital bursa, 
which is located between the tendon and the radial 
tuberosity to facilitate the tendon’s gliding, is normally 
not seen.

With the elbow flexed at a 90-degree angle, the tendon 
of the triceps brachii muscle is readily identifiable on 
both longitudinal and transverse scans as it inserts onto 
the olecranon (Fig. 23-19).

Hand and Wrist

In the carpal tunnel the echogenic tendons of the flexor 
digitorum profundus (FDP) and flexor digitorum 
superficialis (FDS) muscles are surrounded by the 
hypoechoic ulnar bursa and are best seen when the wrist 
is moderately flexed. The median nerve courses outside 
the ulnar bursa and anterior to the flexor tendons of the 
second finger20 (Fig. 23-20, A). On transverse scans, the 
flexor tendons are seen to move during contraction of 
the fist. The median nerve is also subject to marked 

agent into the fluid-distended synovial sheath of a tendon 
or an adjacent bursa can be performed safely under ultra-
sound guidance.14,15

NORMAL SONOGRAPHIC 
APPEARANCE

All normal tendons are echogenic and display a charac-
teristic fibrillar echotexture on longitudinal scans13 
(Fig. 23-10). The higher the frequency, the greater the 
number of visible fibrils. The fine echogenic lines have 
been shown to correspond to the interfaces between the 
collagen bundles and the endotenon.16 No specific sono-
graphic appearance seems to correlate with areas of 
tendon fragility, the so-called vulnerable zones, where 
ruptures occur most frequently, such as the area of the 
Achilles tendon located 2.5 to 6 cm from its insertion 
into the calcaneus. Although easily seen when sur-
rounded by hypoechoic muscles, tendons are less well 
demarcated when they are surrounded by echogenic fat. 
A key step in the identification of tendons is their mobi-
lization under real-time sonographic monitoring on lon-
gitudinal scans.

On transverse sonograms, the reflective bundles of 
fibers give rise to a finely punctate echogenic pattern 
(Fig. 23-11). Transverse scans provide the most accurate 
measurements of tendon thickness.13 However, because 
of the small size of the structures measured, meticulous 
care in the measurement technique must be taken; sub-
stantial interobserver variability has been reported.17

Like tendons, nerves are echogenic with a fibrillar 
echotexture. However, the hypoechoic bundles of axons 
are thicker than the bundles of fibrils, and at high fre-
quencies, fewer interfaces are seen within a nerve than 
within a tendon of the same caliber. On transverse sono-
grams, this results in a honeycomb pattern for nerves and 
slightly decreased overall echogenicity compared with 
tendons (Fig. 23-12).

Sesamoid bones appear as hyperreflective structures 
associated with acoustic shadowing (Fig. 23-13). At high 
frequencies, synovial sheaths appear as thin, hypoechoic 
underlining of the tendon (Fig. 23-14). The largest syno-
vial bursae (e.g., deep infrapatellar, retrocalcaneal) can 
be seen on sonograms as flat, hypoechoic structures that 
contain only a sliver of fluid and are only a few millime-
ters thick18 (Fig. 23-15).

Optimal display of the echogenic fibrillar texture of a 
tendon requires that the ultrasound beam be strictly 
perpendicular to the tendon’s axis. The slightest obliq-
uity causes scattering of the beam, which results in an 
artifactual hypoechogenicity19 referred to as the aniso-
tropic property of tendons (Fig. 23-16). Early errone-
ous descriptions of hypoechoic normal tendons were 
caused by this anisotropy artifact. When a linear array 
transducer is used, the artifact occurs wherever the 
tendon or a tendon segment is not parallel to the trans-
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FIGURE 23-10. Longitudinal sonograms of normal tendons. All tendons exhibit a fibrillar echotexture, with more inter-
faces being visualized with higher-frequency transducers. A, Tendon of the long biceps (arrows) at the anterior aspect of the shoulder. 
B, Tendon of the flexor pollicis longus (arrows) in the thenar area. C, Pair of superficial and deep flexor tendons (arrows) of the third 
finger in the palm. D, Pair of superficial and deep flexor tendons (arrows) of the third finger at the metacarpophalangeal joint obtained 
with a 20-MHz transducer. Note the higher number of interfaces depicted within the tendons compared with image C, which was obtained 
at 13 MHz. E, Patellar tendon scanned at 7.5 MHz. F, Patellar tendon scanned at 13 MHz shows more internal interfaces than in image 
E. G, Longitudinal scan of Achilles tendon using a 5-MHz transducer shows the echogenic tendon (arrows) with few internal interfaces; 
F, Kager’s fatty triangle; FHL, flexor hallucis longus muscle; S, standoff pad; T, tibia. H, Achilles tendon scanned at 13 MHz. The fibrillar 
echotexture of the tendon (arrows) is much better depicted than in image G. I, Tendon of the flexor hallucis longus muscle (arrows) in 
the distal sole of the foot.

changes in shape at various degrees of flexion of the wrist 
and fingers as it is deformed and displaced by the moving 
flexor tendons. The median nerve is slightly less echo-
genic than the tendons and, as with other major periph-
eral nerve trunks, appears to comprise multiple hypoechoic 
tubules, with their interfaces responsible for the median 
nerve’s overall low echogenicity21 (Fig. 23-20, B).

In the palm the pairs of FDP and FDS tendons are 
clearly identified. On longitudinal scans, the play of the 

tendons of a given finger is appreciated in real time 
during flexion and extension of that finger. On trans-
verse scans, the pairs of FDP and FDS tendons appear 
as rounded echogenic structures adjacent to the corre-
sponding hypoechoic lumbrical muscles (Fig. 23-21).

In the fingers the flexor tendons follow the concavity 
of the phalanges and therefore are affected by the anisot-
ropy artifact on longitudinal scans along most of their 
course, except for the segments strictly perpendicular to 
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FIGURE 23-11. Transverse sonograms of normal tendons. A, Transverse scan of the palm of the hand shows the normal 
echogenic, rounded superficial and deep flexor tendons of the second and third fingers (arrows) adjacent to the hypoechoic lumbrical 
muscles (curved arrows); M, metacarpal bone. B, Transverse sonogram of the thenar region shows the echogenic round cross section of 
the tendon of the flexor pollicis longus muscle (arrow) surrounded by the hypoechoic muscles; M, metacarpal bone.

A B

C

FIGURE 23-12. Normal median nerve. A, Longitudi-
nal sonogram of the volar aspect of the forearm shows the mostly 
echogenic nerve (arrows) between the flexor digitorum superfi-
cialis and the flexor digitorum profundus muscles. B, Transverse 
sonogram shows the typical honeycomb pattern (arrows) that 
differentiates nerves from tendons. C, Transverse sonogram of 
the carpal tunnel shows the echogenic cross sections of the flexor 
tendons (arrows) and the cross section of the median nerve 
(arrowheads), which is less echogenic than the tendons.

M

S FIGURE 23-13. Tendons of the 
foot. Longitudinal sonogram of the 
medial aspect of the sole of the foot shows 
the tendon of the flexor hallucis longus 
muscle (arrowheads) and a sesamoid bone 
(S); M, first metatarsal bone.



910  PART III ■ Small Parts, Carotid Artery, and Peripheral Vessel Sonography

FIGURE 23-14. Synovial sheath of flexor tendons of third finger in palm (15-MHz transducer). A, Longitudinal 
sonogram shows the echogenic superficial (S) and deep (D) flexor tendons (short arrows) with a typical fibrillar texture; long arrows indicate 
synovial sheath. B, Transverse scan shows the echogenic cross section of the superficial (S) and deep (D) tendons; arrows indicate synovial 
sheath.

FIGURE 23-15. Normal infrapatellar bursa. Longitu-
dinal scan of the knee shows the deep infrapatellar bursa (arrows) 
posterior to the distal patellar tendon (P); T, tibia.

the ultrasound beam22,23 (see Figs. 23-9 and 23-16, E 
and F ).

Some of the fibrous sheaths (pulleys) that maintain 
the flexor tendons in place and prevent them from bow-
stringing during flexion of the finger can be visualized 
on sagittal sonograms as a barely visible, hypoechoic 
focal thickening of the anterior margin of the flexor 
tendons (Fig. 23-22). In a cadaver study, sonography 
demonstrated the A2 (proximal phalanx) pulley in 100% 
of cases, with a mean length of 16 mm, and the A4 
(middle phalanx) pulley in 67% of cases, with a mean 
length of 6 mm.24 Transverse sonograms of the fingers 
at the level of the first phalanx can demonstrate the 
passage of the rounded FDP tendon, which inserts onto 
the base of the distal phalanx, through the splitting of 

the FDS tendon, which inserts onto the middle phalanx25 
(Fig. 23-23).

Knee

Sonography is an excellent technique for visualizing the 
extensor tendons of the knee.26,27 Because both the quad-
riceps and the patellar tendons may be slightly concave 
anteriorly when the knee is extended and the quadriceps 
relaxed, scans should be obtained during contraction of 
the quadriceps muscle or with the knee flexed, which 
straightens the tendons and eliminates the anisotropy-
related artifacts (see Fig. 23-16).

The quadriceps tendon comprises the tendons of the 
rectus femoris, vastus lateralis, vastus medialis, and vastus 
intermedius muscles, which usually are not distinguished 
sonographically as separate structures. The quadriceps 
tendon lies underneath the subcutaneous fat and anterior 
to a fat pad and the collapsed suprapatellar bursa (Fig. 
23-24). On transverse scans, the quadriceps tendon’s 
cross section is oval.

The patellar tendon extends from the patella to the 
tibial tuberosity over a length of 5 to 6 cm (Fig. 23-25, 
A). On transverse sections, the patellar tendon has a 
convex anterior and a flat posterior surface (Fig. 23-25, 
B). At its midportion, the tendon is about 4 to 5 mm 
thick and 20 to 25 mm wide.26 The subcutaneous pre-
patellar and infrapatellar bursae are not normally visible, 
but the deep infrapatellar bursa may appear as a flattened 
anechoic structure 2 to 3 mm thick (see Fig. 23-15).

Sonography has been used in the evaluation of  
collateral ligaments of the knee and of the iliotibial 
band.28,29 Normal ligaments are not always easily 

Text continued on p. 916.
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FIGURE 23-16. False hypoechogenicity caused by anisotropic property of tendons. A to E, Longitudinal sono-
grams. A, Sonogram of the distal patellar tendon obtained with a 10-MHz curved array sector transducer. The tendon exhibits normal 
echogenicity (arrows) only in the narrow midportion of the scan, where the beam is perpendicular to the tendon. On either side, obliquity 
of the beam is responsible for the tendon’s artifactual hypoechogenicity (open arrows). B, Sonogram of the patellar tendon obtained using 
the trapezoidal format (electronic beam steering) of a linear array transducer. The beam is perpendicular to the tendon fibers along the 
entire tendon, resulting in the correct display of the tendon’s echogenicity. C, Sonogram of the quadriceps tendon with knee extended 
and quadriceps relaxed shows the false hypoechogenicity of the patellar insertion (arrow). D, Sonogram obtained with the knee flexed and 
quadriceps tendon straightened shows normal echogenicity at the patellar insertion (arrow). E, With the finger fully extended, the flexor 
tendons are curved and exhibit their normal echogenicity (arrowheads). only in the midportion of the scan. F, Moderate flexion of the 
joint straightens the tendons, which now display their normal echogenicity along their entire course (arrowheads). G and H, Transverse 
sonograms. G, Patellar tendon with the scan plane not strictly perpendicular to the tendon’s axis, which results in artifactual hypo-
echogenicity (arrowheads). H, Patellar tendon with scan plane strictly perpendicular to the tendon; normal echogenicity is displayed 
(arrowheads).
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FIGURE 23-17. Normal extensor tendon at elbow. Coronal extended-field-of-view sonogram of the lateral aspect of the 
elbow shows normal common tendon of the extensor muscles of the forearm at the elbow, with the normal, echogenic tendon (arrowheads) 
inserting into the lateral epicondyle; H, humerus; R, radius.

R

FIGURE 23-18. Anterior aspect of extended elbow. Longitudinal sonogram shows the oblique biceps tendon (arrows) 
inserting into the radial tuberosity; R, radial head.

H

O

FIGURE 23-19. Posterior aspect of flexed elbow. Longitudinal sonogram of the tendon of the triceps (arrows); H, humerus; 
O, olecranon.
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FIGURE 23-20. Flexor tendons of fingers in wrist. A, Longitudinal sonogram of the volar aspect of the wrist shows the 
median nerve (arrowheads) coursing anterior to the flexor tendons of the index finger (arrows). Note the higher echogenicity of the tendons 
compared with that of the nerve. B, Transverse sonogram of the wrist in moderate flexion shows the echogenic cross sections of the 
superficial and deep flexor tendons of the fingers in the hypoechoic ulnar bursa. The arrow points to the oval section of the median nerve.

MM

FIGURE 23-21. Superficial and deep flexor tendons of fingers. Transverse sonogram of the palm shows the normal, 
echogenic, rounded pairs of superficial and deep flexor tendons of the second, third, and fourth fingers (arrows) adjacent to the hypoechoic 
lumbrical muscles (M).
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FIGURE 23-22. Tendon pulleys in first and second phalanges of third finger. A, Longitudinal sonogram of the first 
phalanx of the third finger shows the pulley as a very thin (inframillimetric) hypoechoic band of tissue anterior to the flexor tendons 
(arrowheads). B, Longitudinal sonogram obtained at 20 MHz of the region indicated with a box on image A shows the distal end of the 
pulley (arrows). C, Transverse sonogram shows the hypoechoic pulley (arrow).
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FIGURE 23-23. Relationship between superficial and deep flexor tendons. Transverse sonograms at different levels 
of the first phalanx of the third finger from the base to the proximal interphalangeal joint. A, Transverse sonogram at the base of the first 
phalanx shows the superficial tendon (S) above the deep tendon (D). B, The superficial tendon becomes thinner and spreads laterally. C, 
The superficial tendon has split in two halves (arrows), seen on each side of the round deep tendon, which appears hypoechoic on this 
scan because of anisotropy. D, The two halves of the superficial tendon have reunited behind the deep tendon. E, The superficial tendon 
now has the shape of a cup containing the deep tendon, which is now superficial. F, Transverse sonogram obtained at the level of the 
base of the middle phalanx shows the deep tendon (D) lying anterior to the superficial tendon (S).

P

FIGURE 23-24. Normal quadriceps tendon. Longitudinal scan shows the echogenic tendon (arrows) surrounded by fat; 
P, patella.
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rior to the distal half of the tendon (see Fig. 23-3), is 
usually echogenic but may show some individual varia-
tion in echogenicity. More anteriorly lie the hypoechoic 
flexor hallucis longus muscle and the echogenic posterior 
surface of the tibia. The small, flattened, hypoechoic 
retrocalcaneal bursa is sometimes seen in the angle 
formed by the tendon and the calcaneus. The tendon 
fibers at the bony insertion have a short oblique course, 
which explains their artifactual hypoechogenicity (Fig. 
23-26, C); this appearance should not be mistaken for 
the subcutaneous calcaneal bursa, which is not normally 
seen. A sonographic study of the Achilles tendon revealed 
two tendinous portions of different echogenicity repre-
senting the portions arising from the soleus and gastroc-
nemius muscles.35

On transverse sonograms, the cross section of the 
Achilles tendon is grossly elliptical and tapers medially. 
The tendon plane is remarkable in that instead of being 
strictly coronal, it is slanted anteriorly and medially (Fig. 
23-27). Because of this configuration, there is a risk of 
overestimating the thickness of the tendon on strictly 
sagittal scans, and measurements should therefore be 
taken from transverse scans. At 2 to 3 cm superior to its 
insertion, the Achilles tendon is 5 to 7 mm thick and 12 

delineated from the articular capsule and the surround-
ing subcutaneous fatty tissues. In chronic injuries of the 
medial collateral ligament, sonography can demonstrate 
calcifications within a thickened hypoechoic ligament; 
this is known as Pellegrini-Stieda disease.30 A few early 
reports have claimed good results in the evaluation of the 
cruciate ligaments.31,32 However, sonographic examina-
tion of these tendons is limited because it is virtually 
impossible to scan them other than obliquely, which 
results in an artifactual hypoechoic appearance.33 It is 
therefore difficult to evaluate cruciate tendons other than 
for gross rupture. As a rule, the cruciate ligaments should 
be assessed with MRI.

Foot and Ankle

The Achilles tendon is formed by the fusion of the 
aponeuroses of the soleus and gastrocnemius muscles, 
and it inserts onto the posterior surface of the calcaneus. 
The Achilles tendon is echogenic and exhibits a charac-
teristic fibrillar texture on longitudinal sonograms.34 The 
termination of the hypoechoic soleus muscle is easily 
identified anterior to the origin of the Achilles tendon 
(Fig. 23-26). The fatty Kager’s triangle, which lies ante-

P

T

A

B

FIGURE 23-25. Normal patellar tendon. A, Longitudinal extended-field-of-view sonogram shows the tendon from its insertion 
into the patella (P) to its termination into the anterior tibial tuberosity. Note the prepatellar fibers (arrowhead). T, tibia. B, Transverse 
sonogram shows the convex anterior and flat posterior surfaces (arrows).
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FIGURE 23-26. Normal Achilles tendon. A, Longitudinal sonogram of the origin of the tendon (arrowheads) shows the termina-
tion of the muscular fibers of the soleus muscle (S) that connect to the tendon. B, Longitudinal sonogram of the midportion of the tendon 
(arrowheads) shows its typical fibrillar echotexture. C, Longitudinal sonogram of the termination of the tendon shows the small retrocal-
caneal bursa (arrow) with no fluid.

FIGURE 23-27. Oblique orientation of normal Achilles tendons. Transverse sonograms of both Achilles tendons of the 
same subject show the oblique orientation (white lines) of the planes of the tendons, Left, left tendon; right, right tendon.
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to 15 mm wide.34 A weak positive correlation has been 
found between the tendon’s thickness and the subject’s 
height.36,37

In the ankle, sonography demonstrates the tendons 
of the peroneus longus and brevis muscles laterally and 
those of the tibialis posterior muscle medially. The 
tendons of the flexor digitorum longus and flexor hal-
lucis longus muscles can also be identified posterior to 
the medial malleolus, whereas the tendons of the tibialis 
anterior, extensor hallucis longus, and extensor digito-
rum longus muscles are seen at the anterior aspect of the 
ankle joint.38 Dynamic examination during specific 
flexion and extension maneuvers of the ankle and foot 
help identify individual tendons. The ankle tendons are 
enveloped in synovial sheaths. In a study of ankles of 
asymptomatic volunteers, a small amount of fluid was 
found in the posterior tibial and common peroneal 
tendon sheaths in 71% and 12%, respectively.39

In the foot the examination technique and normal 
sonographic appearance of the flexor and extensor 
tendons of the toes do not differ significantly from those 
of the tendons of the fingers.23

PATHOLOGY

Tendon disorders result most often from trauma (tears), 
noninflammatory degenerative conditions (grouped 
under the term tendinosis), and inflammatory condi-
tions (tendinitis, peritendinitis).

Tears

It is currently acknowledged that most tendon ruptures 
represent the final stage of progressive destruction of the 
fibrils. Tears usually occur in tendons that have been 
rendered fragile by such factors as aging, presence of 
calcifications, general or local corticosteroid therapy, and 
underlying systemic diseases (e.g., rheumatoid arthritis, 
seronegative spondyloarthropathies, lupus erythemato-
sus, diabetes mellitus, gout).40-43

Complete Tears

Tears resulting from direct trauma to the tendons (e.g., 
lacerations) are rare. The vast majority of complete tears 
result from excessive tension applied to the tendon or 
from normal tension applied in a movement performed 
in abnormal conditions. Recent complete tendon tears 
are often diagnosed clinically. If physical examination is 
delayed, however, the diagnosis may be indeterminate 
because of inflammatory changes. Sonography can  
show the full-thickness discontinuity of the tendon. The 
gap between the torn tendon fragments is filled with 
hypoechoic hemorrhagic fluid (or clot) or granuloma-
tous tissue, depending on the age of the lesion (Fig. 
23-28). The gap varies in length, and when the torn 

fragments are separated by a long distance, the tendon 
may not be visualized at all. Nonvisualization of the 
tendon may occur in complete ruptures of the rotator 
cuff, biceps brachii tendon, and flexor tendons of the 
fingers. Excluding ruptures of the Achilles tendon, in 
which a hematoma can develop around the whole 
tendon, ruptures are usually associated with minimal 
focal hemorrhage. With avulsion of the tendon from the 
bone, one or more bone fragments may appear as bright, 
echogenic foci with acoustic shadowing.44

Incomplete Tears

Accurate sonographic diagnosis of an incomplete tear is 
important because early diagnosis and treatment will 
prevent a subsequent complete rupture. However, partial 
tears are difficult to diagnose clinically and to differenti-
ate from focal areas of tendinosis or tendinitis.

Sonographically, recent partial ruptures appear as 
focal hypoechoic defects with discontinuity of the fibril-
lar pattern either within the tendon or at its attach-
ment18,45 (Fig. 23-29). A focal irregularity at the tendon’s 
surface may be the only sign of a small partial tear. A 
partial rupture may also present as only a focal thinning 
of the tendon, such as in the rotator cuff. Special mention 
must be made of intrasubstance tears or splits, which 
often occur in the ankle tendons and appear as longitu-
dinal hypoechoic clefts46 (Fig. 23-29, B). Subtle sono-
graphic findings may become more apparent on dynamic 
examination of the tendon during active or passive flex-
ion-extension movements of the associated muscle(s). 
Three-dimensional evaluation of partial ruptures requires 
a combination of longitudinal and transverse scans. Indi-
rect signs of tendon rupture include effusion in the 
tendon sheath or thickening of an adjacent bursa.

A sensitivity of 94% has been reported for sonography 
in the diagnosis of partial tears of the Achilles tendon.45 
Other studies have reported the superiority of MRI over 
sonography in the diagnosis of incomplete Achilles 
tendon tears.47 Although sonography is an acceptable 
method for diagnosing complete tears of the Achilles 
tendon, it is limited in differentiating partial ruptures or 
even microruptures from focal areas of tendinosis.48,49 In 
the knee, when the patellar tendon is partially detached 
from the patellar apex, longitudinal scans show the  

SONOGRAPHIC SIGNS OF  
TENDON TEARS

Discontinuity of fibers (partial or complete)
Focal thinning of the tendon
Hematoma of variable size, usually small
Bone fragment (in bone avulsion)
Nonvisualization of retracted tendon (in complete 

tear)



Chapter 23 ■ The Tendons  919

hyaline degeneration, fibrinoid necrosis, microcysts), 
regeneration (neovascularization and granulation tissue), 
and microtears. A constant finding, however, is the 
absence of inflammatory cells. The clinical distinction 
between tendinosis and tendinitis is not always 
straightforward.

Sonographically, the lesions of tendinosis appear as 
focal or diffuse areas of greatly decreased echogenicity 
and tendon enlargement. In the Achilles tendon the 
lesions involve preferentially the middle third of the 
tendon, whereas in the patellar tendon the lesions are 
most often located at the upper insertion of the tendon. 
In both locations, however, the tendon can be diffusely 
swollen with focal or diffuse hypoechoic areas.50 Color 
and power Doppler ultrasound show increased vascular-
ity, usually from the deep surface of the upper patellar 
tendon and from the deep surface of the distal Achilles 
tendon51-53 (Fig. 23-30). Sonography of the patellar 
tendon showed hypoechoic focal lesions consistent with 
tendinosis in 14% of asymptomatic athletes with no 
previous history of jumper’s knee.54 However, the sig-
nificance of these abnormalities in asymptomatic athletes 
remains unclear. It was shown in basketball players that 

discontinuity of the tendon fibers, whereas transverse 
scans obtained inferior to the patellar apex demonstrate 
the round defect in the midline of the tendon (Fig. 
23-29, C). This may be indistinguishable from classic 
lesions of tendinosis seen at the upper insertion of the 
tendon.

Tendinosis

The term tendinosis is used to describe degenerative 
changes in a tendon without clinical or histopathologic 
signs of inflammation within the tendon or paratenon. 
Most often, it is associated with painful focal or diffuse 
nodular thickening of the tendon. Tendinosis has been 
mainly described in the patellar tendon (“jumper’s 
knee”) and the Achilles tendon (achillodynia). A strong 
relationship exists between tendinosis and the repetitive 
microtrauma of overuse injuries. The normal age-related 
degeneration is probably accelerated with increased stress 
or decreased resistance of the tendon; this is particularly 
obvious in sports-related injuries.

A wide range of histopathologic changes have been 
described, including degenerative changes (myxoid and 

A

C

FIGURE 23-28. Complete ruptures involving middle third of Achilles tendon. A, Longitudinal sonogram shows the 
gap between the two ends (arrows) of the torn tendon, which is filled with echogenic tissue and a minimal amount of fluid. B, Longitudinal 
sonogram shows the retracted, swollen upper fragment (arrows) surrounded by organizing hematoma. C, Longitudinal sonogram shows 
the discontinuity of the tendon fibers (arrows).
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larity on color Doppler sonographic imaging is associ-
ated with pain58,59 have not been confirmed.60

Inflammation

Edema associated with inflammation is responsible for 
the thickening and decreased echogenicity of the tendons, 
synovial sheath, or paratenon involved. The increased 
vascularity associated with inflammation can be depicted 
with power Doppler sonography,61,62 which can also be 
used to document response to therapy of patients with 
inflammatory lesions.63

Tendinitis

As with tendinosis, tendinitis may be associated with 
athletic or occupational activities, but on pathologic 
examination, there is evidence of acute inflammation, 
often in addition to preexisting degenerative changes of 
tendinosis. Tendinitis may affect the whole tendon or 

hypoechoic areas in the patellar tendon can resolve, 
remain unchanged, or increase without predicting symp-
toms of jumper’s knee.55 In contrast, a study of asymp-
tomatic elite soccer players revealed sonographic 
abnormalities in 18% of the patellar tendons and 11% 
of the Achilles tendons; players with abnormal patellar 
tendons had a 17% risk of developing symptomatic 
jumper’s knee during the 12-month season, whereas 
those with abnormal Achilles tendons had a 45% risk of 
developing Achilles tendinosis.56 Early detection of 
occult tendinosis should prompt adequate treatment to 
prevent chronic, therapy-resistant symptoms and subse-
quent tendon ruptures.

Color Doppler sonographic examination of Achilles 
tendinosis can demonstrate the presence of vessels not 
only outside but also inside the thickened Achilles 
tendon, mostly in the ventral portion of the tendon. 
Ultrasound-guided sclerosis of these vessels has been 
attempted in the treatment of painful chronic Achilles 
tendinosis.5,57 Reports that the presence of hypervascu-

A
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FIGURE 23-29. Partial tendon tears. A, Partial rupture of patellar tendon at its insertion into patella. Longitudinal sonogram 
shows the partial detachment from the patella of the deep fibers of the tendon with a small anechoic hematoma (arrows). B, Partial 
detachment of superior portion of patellar tendon. Transverse scan shows a well-defined, round, hypoechoic midline hematoma (arrow). 
The arrowheads indicate the tendon’s margins. C, Posterior tibial tendon split. Coronal sonogram of the ankle shows the central split 
(*) separating the tendon’s fibers (arrows).
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in the blood-filled cavity resulting from the tear. Power 
Doppler sonography can also be used to monitor a 
patient’s response to anti-inflammatory therapy. A 
decrease in size of the tendon and a return to a normal 
level of echogenicity and very low vascularity indicate 
healing.

In chronic tendinitis the margins of the tendon may 
be deformed and bumpy. Sonography can detect minute 
intratendinous calcifications, which appear as bright foci 
with or without acoustic shadowing, occasionally with a 
comet-tail artifact. As a rule, the size and shape of these 
calcifications are better appreciated on low-kilovoltage 
radiographs, easily obtained with the use of a mammo-
graphic unit64 (Fig. 23-32).

Peritendinitis

In peritendinitis the inflammation takes place in the 
paratenon, the layer of connective tissue that wraps 
around the tendon in the absence of a synovial sheath. 
This condition is frequently found in the Achilles 
tendon. Sonographically, peritendinitis is characterized 
by a hypoechoic thickening of the peritenon, with the 
tendon remaining grossly unaffected. Because gray-scale 
sonography is often unable to diagnose mild peritendi-
nitis with sufficient reliability,48 power Doppler imaging 
is very helpful in documenting the increased vascularity 
associated with this condition61 (Fig. 23-33).

only part of it. For example, in the patellar tendon, focal 
tendinitis, like tendinosis, often involves the upper inser-
tion of the tendon, whereas focal involvement of the 
distal insertion typically occurs after surgical transposi-
tion of the tibial tuberosity.

Sonographically, in acute tendinitis the tendon is 
thickened, and the margins are often poorly defined. 
There is also a diffuse decrease in echogenicity.26,34 
Because improper scanning may result in a falsely 
hypoechoic tendon, the examination technique must be 
flawless. Power Doppler ultrasound is used to document 
the focal or diffuse increase in vascularity (Fig. 23-31). 
Comparison with sonograms of the unaffected contra-
lateral tendons is often useful. The presence of flow in a 
focal area of decreased echogenicity confirms the diag-
nosis of focal tendinitis and rules out an acute partial 
tear, because blood flow is not expected to be present  

FIGURE 23-30. Tendinosis. A and B, “Jumper’s knee.” Longitudinal color and power Doppler sonograms show the hypoechoic 
thickening of the upper third of the patellar tendon with substantial associated hypervascularity. C and D, Achillodynia. Longitudinal 
sonograms of the Achilles tendon show thickening and decreased echogenicity of the tendon with a minimal but unequivocal increase in 
vascularity at the deep surface of the tendon.

SONOGRAPHIC SIGNS OF TENDINITIS

Thickening of the tendon
Decreased echogenicity
Blurred margins
Increased vascularity on color flow Doppler
Calcifications in chronic tendinitis
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FIGURE 23-31. Tendinitis. A, Tendinitis of tibial insertion of patellar tendon. Longitudinal power Doppler sonogram shows the 
focal area of decreased echogenicity and hypervascularity; T, tibia. B, Tendinitis of distal Achilles tendon. Longitudinal sonogram shows 
the swelling and decreased echogenicity of the tendon; C, calcaneus. C and D, Achilles tendinitis. Longitudinal power and spectral Doppler 
sonograms show the hypervascularity of the diffusely swollen and hypoechoic tendons.

Tenosynovitis

Tenosynovitis is defined as the inflammation of a tendon 
sheath. Any tendon surrounded by a synovial sheath—
especially tendons in the hand, wrist, and ankle—can be 
affected. Trauma, including repetitive microtrauma, and 

pyogenic infection are most often responsible for acute 
tenosynovitis. Cases of tenosynovitis caused by a foreign 
body retained within a tendon sheath in the hand have 
been reported.65 Sonographically, the diagnosis of acute 
tenosynovitis is made when fluid, even a minimal quan-
tity, is identified in the sheath66-68 (Fig. 23-34). Internal 
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FIGURE 23-32. Chronic calcified patellar tendinitis. A, Longitudinal scan of the lower attachment of the tendon shows a 
markedly thickened, hypoechoic tendon (long arrows) with blurred contours and tiny hyperechoic calcifications (short arrows), one with a 
comet-tail artifact (arrowhead). B, Lateral low-kilovoltage radiograph obtained with a mammographic unit shows the swollen patellar 
tendon and the small calcifications (arrow); T, tibia; P, patella.

FIGURE 23-33. Achilles peritendinitis. Longitudinal power Doppler sonogram shows the hypoechoic thickening of the paratenon 
(arrows) anterior to the tendon (arrowheads) and the associated increased vascularity.
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Rheumatoid arthritis has a predilection for synovial 
tissues, including tendon sheaths in the distal extremi-
ties. Sonography has proved effective in the diagnosis of 
rheumatoid tenosynovitis in the hand.72,73 The tendon 
sheath involved by the pannus is extremely hypoechoic, 
and occasionally, fluid is also present in the sheath, 
which enhances the visibility of the pannus (Fig. 23-36). 
Power Doppler ultrasound shows significant hypervas-
cularity of the pannus. Sonographic findings of tendon 
involvement include thickening and nonhomogeneity of 
the tendon, with margins that appear jagged.74 At a later 
stage, sonography can demonstrate a marked thinning of 
the tendon or a partial or complete rupture.75

Bursitis

Bursitis most often involves the subdeltoid, olecranal, 
radiohumeral, patellar, and calcaneal bursae. Trauma 
and, more importantly, repetitive microtrauma play a 
major role in bursitis, although in many cases, no initiat-
ing factor can be found. Prepatellar bursitis, also known 

echoes representing debris can be seen in suppurative 
tenosynovitis, a serious condition that, if left untreated, 
can lead to the rapid destruction of the tendon.69

Chronic tenosynovitis is characterized by a hypoechoic 
thickening of the synovial sheath, most often with little 
or no fluid (Fig. 23-35). The thickening of the sheath 
may impair the movement of tendons in narrow pas-
sages. In de Quervain’s tenosynovitis the tendons of 
the abductor pollicis longus and extensor pollicis brevis 
muscles are constricted by the thickened sheath in the 
pulley over the radial styloid process. Sonography can 
demonstrate the hypoechoic thickening of the tendon 
sheath23,70 (Fig. 23-35, B), and power Doppler sonogra-
phy may demonstrate increased vascularity in the tissues 
involved. Sonography can be used to guide the injection 
of contrast medium into the sheath for tenography, a 
study that silhouettes the sheath wall but cannot dem-
onstrate its thickness. Sonography has also been used to 
guide injection of steroids into the synovial sheath of the 
posterior tibial tendon in patients with chronic inflam-
matory arthropathy.71

FIGURE 23-34. Tenosynovitis. A, Mild tenosynovitis of posterior tibial tendon at ankle. Coronal sonogram shows a minimal 
amount of fluid in the tendon sheath. B, Acute tenosynovitis of flexor digitorum tendon in hand. C, Transverse sonogram of the wrist 
demonstrates fluid surrounding the flexor tendons. D, Tenosynovitis of peronei tendons. Coronal power Doppler sonogram shows fluid 
in the synovial sheath and hypervascularity around the tendons.
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bursa and the adjacent tendon may be involved in the 
same pathologic process, careful examination of the adja-
cent tendon is recommended; in 82% of patients with 
distal third Achilles tendon tendinosis, retrocalcaneal 
bursitis was also present.79

Enthesopathy

Inflammatory enthesopathy, or enthesitis, is defined as 
an inflammation of the insertion of tendons into the 
bones. This is usually seen in seronegative spondyloar-
thropathies, but it can also be occupational, metabolic, 
drug induced, infective, or degenerative. Tendons usually 
involved include the patellar and Achilles, as well as the 

as “housemaid’s knee,” is a common finding in subjects 
who spend extended periods kneeling, such as carpet 
layers.76 Transient accumulation of fluid in the subacro-
mial bursa has been demonstrated on sonograms of the 
shoulder for as long as 16 to 20 hours after handball 
training.77 In the early acute stage of bursitis, when the 
bursa is filled with fluid, sonograms demonstrate a sono-
lucent, fluid-filled collection with poorly defined 
margins. In the chronic stage, a complex sonographic 
appearance with internal echogenic debris results from 
the presence of granulomatous tissue, precipitated fibrin, 
and occasionally calcification. Power Doppler imaging 
often shows increased vascularity in the thickened wall 
of the bursa and around it78,79 (Fig. 23-37). Because the 

A

P1

P2

B FIGURE 23-35. Chronic tenosynovitis. A, 
Chronic tenosynovitis of flexor digitorum tendons after 
surgical treatment of carpal tunnel syndrome. Longitu-
dinal sonogram of the volar aspect of the wrist shows 
the thickened hypoechoic bursa (arrows) and the 
absence of any substantial amount of fluid. B, Chronic 
posttraumatic tenosynovitis of flexor digitorum tendons 
of index finger. Longitudinal sonogram shows the 
hypoechoic thickened synovial sheath (arrows), which 
contains no fluid. Note the grossly intact flexor tendons, 
with the superficial tendon inserting into the base of 
the second phalanx. P1, first phalanx; P2, second 
phalanx. C, De Quervain’s tenosynovitis. Transverse 
sonogram of the wrist shows the thickened, hypoechoic 
synovial sheath (arrows) surrounding the tendons of the 
abductor pollicis longus and extensor pollicis brevis 
muscles.
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plantar fascia. Sonographically, the tendon insertion 
appears swollen and hypoechoic, with calcifications 
developing in chronic lesions, ranging from fine calcifi-
cations to bony spurs.80-82 Often, there is coexisting 
bursitis.

Nonarticular Osteochondroses

Osgood-Schlatter and Sinding-Larsen-Johansson dis-
eases are both nonarticular osteochondroses of the knee 
that occur in ossification centers subjected to traction 
stress. Both conditions occur in adolescents, typically in 
boys involved in athletic activities. Although the diagno-
sis is strongly suggested by the clinical history, radio-
graphic studies are often performed to confirm the 
diagnosis. High-resolution sonography has been used in 
the evaluation of these two conditions.83-86 Osgood-
Schlatter disease is osteochondrosis of the tibial tuber-

FIGURE 23-36. Rheumatoid tenosynovitis of exten-
sor tendon of finger at dorsum of hand. Transverse 
scan shows the hypoechoic pannus (arrows) surrounding the 
tendon (open arrow); M, metacarpal bone.

O

A B
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FIGURE 23-37. Bursitis. A, Transverse power Doppler sonogram of the posterior aspect of the elbow shows the thick-walled, fluid-
containing olecranal bursa and the bursa’s hypervascularity. O, olecranon. B, Longitudinal sonogram of the distal arm with the elbow 
flexed shows the enlarged, hypervascular subtendinous bursa of the triceps brachii muscle. C, Prepatellar bursitis. Longitudinal sonogram 
shows the fluid-filled subcutaneous prepatellar bursa; P, patella; D, Infrapatellar bursitis. Longitudinal power Doppler sonogram shows 
the hypervascularity around the distended subcutaneous infrapatellar bursa.
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Tumors and Pseudotumors

Benign tumors of tendons or their sheaths include giant 
cell tumors and osteochondromas. The giant cell 
tumor of tendon sheaths is considered a circumscribed 
form of pigmented villonodular synovitis. It preferen-
tially involves the flexor surface of the fingers and is 
usually found in young and middle-aged women. Local 
recurrences are possible after incomplete excision. Sono-
graphically, giant cell tumors appear as hypoechoic 
masses, sometimes with lobulated contours.23,95 Power 
Doppler imaging reveals substantial internal vascularity 
in 71% of lesions.96

Malignant tumors are rare. Synovial sarcomas may 
arise from a tendon sheath, appearing as an irregular  
or lobulated hypoechoic mass, which may contain 
calcifications.

In 95% of patients with familial hypercholesterol-
emia, sonography demonstrates multiple hypoechoic 
xanthomas in the Achilles tendon and can detect early 
focal xanthomas in tendons that are not yet enlarged.97 
In 30 adults with familial hypercholesterolemia the mean 
thickness of the Achilles tendon was 11.1 mm, com-
pared with 4.5 mm in normal subjects and 4.9 mm in a 
group with nonfamilial hypercholesterolemia.98 The use 
of a cutoff value of 5.8 mm for the thickness of the 
Achilles tendon has been reported to yield a sensitivity 
of 75% and a specificity of 85% for sonography in the 
diagnosis of familial hypercholesterolemia.99 In familial 
hypercholesterolemia mutation carriers, sonography 
increased the clinical diagnosis of xanthomas from 43% 
to 68%.100 Sonography has also been shown to detect 
hypoechoic infiltration of the Achilles tendon in 38% of 
children with familial hypercholesterolemia.101 Sonogra-
phy can be used to monitor the effect of therapy on the 
Achilles tendon’s thickness and echotexture.

Intratendinous rheumatoid nodules appear on sono-
grams as hypoechoic nodules.72 In contrast, various 
appearances have been reported for gouty tophi within 
or adjacent to tendons. An early report mentioned highly 
echogenic foci with acoustic shadowing, thus claiming 
easy differentiation from intratendinous rheumatoid 
nodules.102 However, another study showed the tophi to 
be hypoechoic with a peripheral increase in vascularity 
on color Doppler imaging.103 The sonographic appear-
ances of gouty tophi likely parallel the degree of their 
calcification and associated inflammation.

In dialysis-related amyloidosis, joint synovial mem-
branes and capsules as well as tendons (e.g., supraspina-
tus) may be thickened, with the amount of thickening 
increasing with the duration of dialysis.104

Ganglion cysts most often occur in the hand but can 
develop from any joint or tendon sheath. Sonography 
demonstrates the oval fluid collection adjacent to the 
joint space or tendon (Fig. 23-40). Occasionally, chronic 
cysts have internal echoes, causing the cyst to mimic a 
hypoechoic solid tumor.

osity. In one study of 70 cases, sonography revealed 
swelling of the anechoic cartilage in 100%, fragmenta-
tion of the echogenic ossification center of the anterior 
tibial tuberosity in 75%, diffuse thickening of the patel-
lar tendon in 22%, and deep infrapatellar bursitis in 
17% of cases85 (Fig. 23-38). Sinding-Larsen-Johansson 
disease is osteochondrosis of the accessory ossification 
center at the lower pole of the patella. In this rare disease, 
sonography can demonstrate the fragmented echogenic 
ossification center and the swollen hypoechoic cartilage 
and surrounding soft tissues, including the origin of the 
patellar tendon.86

Impaired Tendon Motion  
and Entrapment

Sonography has the advantage of showing in real-time 
the normal and abnormal motion of tendons. The 
gliding of the extensor pollicis longus tendon has been 
studied in the wrist.87 In patients with a “snapping” 
iliopsoas tendon, sonography showed that the snapping 
was provoked by the sudden flipping of the iliopsoas 
tendon around the iliac muscle, allowing abrupt contact 
of the tendon against the pubic bone and producing an 
audible snap.88 Sonography can confirm in real time the 
subluxation of the long head of the biceps tendon89 and 
the peroneal tendons.90 Ultrasound has also shown the 
entrapment of the flexor tendons of a finger complicat-
ing a fracture.91

Postoperative Patterns

After surgical repair, tendons remain enlarged, 
hypoechoic, and heterogeneous with blurred, irregular 
margins18,92,93 (Fig. 23-39). The internal linear echoes 
that constitute the tendon’s echotexture are thinner and 
shorter than in normal tendons. Sonography cannot reli-
ably differentiate recurrent tears and tendinitis from 
postoperative changes. On postoperative transverse 
scans, the tendon usually has a rounded cross section. 
The postoperative pattern may last for several months or 
even years. Occasionally, sonography can detect bright, 
echogenic foci caused by residual synthetic suture mate-
rial or calcification. Postoperative Doppler sonographic 
studies may demonstrate residual hypervascularization in 
tendons (Fig. 23-39, C). A long-term follow-up study of 
ruptured Achilles tendons, most repaired surgically, 
showed that their average thickness was 12 mm (range, 
7-20 mm), compared with 5 mm for the controls, and 
that 14% of the healed tendons contained calcifica-
tions.94 A study comparing the sonographic appearance 
after surgical repair of Achilles tendon rupture with that 
after nonsurgical treatment found no difference except 
for more limited gliding function of the tendon after 
surgery. In addition, there was a weak correlation 
between the sonographic findings and the clinical 
outcome.92
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lematic because the leaking fluid has been resorbed, and 
only an ill-defined residual hypoechoic area remains  
(Fig. 23-42).

OTHER IMAGING MODALITIES

Although it can silhouette the tendons, particularly when 
the tendons are surrounded by fat, low-kilovoltage 
radiography cannot demonstrate their structure. 
However, plain radiography remains the best modality 
for unequivocally documenting the presence of fine cal-
cifications in tendons or bursae.

Tenography is performed by injecting contrast 
medium into the tendon’s synovial sheath. This imaging 
technique provides detailed global views of the inner wall 
of the sheath but cannot appreciate the thickness of the 
wall as sonography.110,111 Similarly, bursography con-
sists of direct opacification of a bursa. These two tech-
niques have been replaced by cross-sectional imaging in 
daily practice. MRI after ultrasound-guided bursogra-
phy has been used recently to better evaluate the deep 
and superficial infrapatellar bursae and the radial and 
ulnar bursae of the wrist.112,113

Computed tomography (CT) has rarely been used in 
the evaluation of tendons.114,115 MRI, on the other hand, 
because of its excellent contrast and spatial resolution 
and multiplanar-imaging capability, has become the 
modality of choice for soft tissue imaging and the “gold 
standard” for imaging tendons in the United States.116 
However, its cost is about 10 times that of sonography, 
often for obtaining similar diagnostic information.

Baker’s cyst is another type of cyst that often occurs 
adjacent to a joint. Baker’s cysts are caused by an abnor-
mal distention of the gastrocnemiosemimembranous 
bursa, which frequently communicates with the knee 
joint through a slit-shaped opening at the posteromedial 
aspect of the joint capsule. Baker’s cysts are frequently 
associated with pathologic conditions that increase the 
intra-articular pressure through overproduction of syno-
vial fluid, capsular sclerosis, or synovial hypertrophy, 
most often rheumatoid arthritis. Baker’s cysts present 
clinically as popliteal masses that can be asymptomatic 
or symptomatic. Ruptured cysts or large cysts dissecting 
into the calf produce a swollen, painful limb that mimics 
thrombophlebitis. A Baker’s cyst typically appears sono-
graphically as a fluid-filled collection.105-107 Occasionally, 
longitudinal scans demonstrate a second anechoic area 
anterior to the tendon of the gastrocnemius muscle. 
Transverse scans confirm that both areas represent sec-
tions of the same cyst, which surrounds the tendon of 
the muscle108 (Fig. 23-41). Internal echoes representing 
fibrinous strands or debris and synovial thickening can 
be seen in inflamed or infected cysts. In patients with 
rheumatoid arthritis, a Baker’s cyst may be completely 
filled with pannus, thus mimicking a solid mass. Power 
Doppler sonography demonstrates the hypervascularity 
of the pannus and differentiates it from debris. Osteo-
chondromatosis can also develop in a Baker’s cyst, giving 
rise to hyperechoic loose bodies, which cast acoustic 
shadows when calcified.109 In a recently ruptured cyst, 
sonography can demonstrate the leak as a subcutaneous 
fluid collection that extends distally into the lower calf 
down to the ankle. However, when examination is 
deferred, the sonographic diagnosis may be more prob-

FIGURE 23-38. Osgood-Schlatter disease. Longitudinal power Doppler sonogram shows swelling of the cartilage, fragmentation 
of the echogenic ossification center of the anterior tibial tuberosity, and deep infrapatellar bursitis.



Chapter 23 ■ The Tendons  929

A

FIGURE 23-39. Postoperative patterns. A, Longitudinal scan shows tendon of the palmaris longus muscle after surgical repair 
of a complete rupture, with focal hypoechoic thickening of the tendon (arrows). The arrowheads indicate normal tendon. B, Longitudinal 
scan shows patellar tendon 15 months after surgery for tendinitis, with diffusely thickened, heterogeneous, hypoechoic tendon (arrows) 
with poorly defined margins and minute calcifications (open arrow); P, patella. C, Longitudinal power Doppler sonogram shows the residual 
thickening and hypervascularity of the upper portion of the patellar tendon. Residual chronic postoperative inflammatory changes in the 
patellar tendon followed percutaneous fixation of a fracture of the tibial shaft that involved inserting an intramedullary rod through the 
tendon.
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FIGURE 23-40. Ganglion cyst. A, Longitudinal sonogram of the first phalanx of the third finger shows a well-defined, 0.4 × 0.2–cm 
cyst (arrow) anterior to the flexor tendons of the finger (arrowheads). Note the distal acoustic enhancement. M, metacarpal bone; P1, first 
phalanx. B, Longitudinal view of the wrist demonstrates a small ganglion cyst dorsal to the wrist bones. Note the small neck (arrow) 
connecting the cyst to the joint.
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A

FIGURE 23-41. Baker’s cyst. A, Longitudinal sonogram shows two fluid collections (arrows) separated by the tendon of the gas-
trocnemius medialis muscle. B, Transverse sonogram shows that the two collections are parts of the same cyst, which wraps around the 
tendon of the gastrocnemius medialis muscle. C, Longitudinal sonogram shows a large popliteal cyst.

FIGURE 23-42. Ruptured Baker’s cyst. Longitudinal extended-field-of-view sonogram of the calf shows a complex mass (arrows) 
that is connected to a small amount of residual fluid in the popliteal fossa (arrowheads) representing the ruptured cyst.
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High-frequency sonography is currently the only real-
time cross-sectional imaging technique, and it provides 
unique dynamic information. Sonograms can be quickly 
obtained along virtually any orientation, and very-high-
frequency transducers now provide exquisite spatial and 
contrast resolution. In experienced hands, in specific 
anatomic locations, and for specific pathologic condi-
tions (e.g., ankle tendon tears, patellar tendinopathy, 
epicondylitis), high-resolution sonography has been 
reported to be almost as accurate as or even more accu-
rate than MRI.117-120 However, because of the small size 
of the structures being examined and the possibility of 
significant technique-related artifacts, tendon sonogra-
phy is operator dependent, requiring skill, adequate 
training, and sufficient experience to achieve the best 
results.17,121
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The real-time nature of ultrasound makes it ideally 
suited to provide guidance for a variety of musculo-
skeletal interventional procedures.1-10 Continuous obser-
vation of needle position ensures proper placement  
and allows continuous monitoring of the distribution of 
injected and aspirated material. The adverse effects of 
improper needle placement during corticosteroid admin-
istration are well documented.11-16 Likewise, decompres-
sion of fluid-filled lesions and fragmentation of calcific 
deposits may be performed.

The current generation of high-frequency transducers 
for small parts sonography allows excellent depiction of 
soft tissue detail and articular surfaces, particularly in the 
hand, wrist, foot, and ankle.17 This allows needle place-
ment in non-fluid-distended structures, such as a non-
distended joint, tendon sheath, or bursa. The injected 
agent also produces a contrast effect, which can improve 
delineation of surrounding structures (e.g., labral mor-
phology) and provide additional information regarding 
the agent’s distribution.18,19 Ultrasound guidance has 
broad appeal because it does not involve ionizing radia-
tion; this feature is particularly advantageous in the pedi-
atric population and during pregnancy.

Ultrasound-guided injections in the musculoskeletal 
system include injection of joints, tendon sheaths, 
bursae, and ganglion cysts. The chapter emphasizes the 
most common injections performed at my institution, 
an orthopedic and rheumatology specialty hospital. The 
most common clinical indication for ultrasound-guided 
injections generally relates to pain that does not respond 
to other conservative measures, regardless of the ana-
tomic site. The pain may result from a chronic repetitive 
injury in the work environment, a sports-related injury, 

or an underlying inflammatory disorder, such as rheu-
matoid arthritis.

TECHNICAL CONSIDERATIONS

Diagnostic and subsequent interventional examinations 
are often performed using either linear or curved, phased 
array transducers, based on depth and local geometry. 
Needle selection is based on specific anatomic conditions 
(i.e., depth and size of region of interest). We employ a 
freehand technique in which the basic principle is to 
ensure needle visualization as a specular reflector.7 This 
relies on orienting the needle so that it is perpendicular 
(or nearly so) to the insonating beam (Fig. 24-1). The 
needle then becomes a specular reflector, often having a 
strong ringdown artifact. Although needle guides are 
available and may be of value, a freehand technique 
allows greater flexibility in adjusting needle position 
during a procedure. Further, needle visualization can be 
enhanced by injecting a small amount of anesthetic and 
observing the corresponding moving echoes in either 
gray-scale or color flow sonographic imaging.1

Patient positioning should be assessed first to ensure 
comfort and optimal visualization of the anatomy. It is 
important to keep in mind that tendons display inherent 
anisotropy; they will look hypoechoic if the transducer 
footprint is not parallel to the tendon.17 Therefore the 
transducer must be oriented to maximize tendon echo-
genicity to avoid false interpretation of the tendon as being 
complex fluid or synovium. An offset may be required at 
the skin entry point of the needle relative to the transducer 
to allow for the appropriate needle orientation. Deep 
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N

T

FIGURE 24-1. Needle as specular reflector with 
reverberation artifact. A 25-gauge needle (N) has been 
positioned into the retrocalcaneal bursa deep to the Achilles 
tendon (T). Note that the needle is a specular reflector with a 
characteristic reverberation artifact (arrows).

BASELINE EARLY LATE

FIGURE 24-2. Contrast effect. A suspension of anesthetic and triamcinolone has been injected into a cyst phantom. Baseline: 
Before injection, anechoic “cyst” is shown in a scattering medium, with baseline pixel intensities listed. Early: The early mixing phase is 
obtained immediately after injection. A contrast effect is evident, in which the cyst becomes almost isoechoic to the background. Late: 
20 minutes after injection. In the late phase, apparent gravitational effect results in settling of the suspension toward the dependent por-
tions of the cyst phantom and development of a contrast gradient.

structures, such as tendons about the hip, are often better 
imaged using a curved linear or sector transducer, operat-
ing at center frequencies of about 3.5 to 7.5 MHz. Super-
ficial, linearly oriented structures, such as in the wrist or 
ankle, are best approached using a linear array transducer 
with higher center frequencies (>10 MHz). Transducers 
with a small footprint (“hockey stick”) are particularly 
well suited to superficial injections. These factors should 
be assessed before skin preparation.

The immiscible nature of the steroid anesthetic 
mixture may likewise produce temporary contrast effect 
(Fig. 24-2). In vitro experiments suggest that this prop-

erty is caused by alterations in acoustic impedance by the 
scattering material, formed by the suspension of steroid 
in an aqueous background; this results in an increase  
in echo intensity of about 20 dB.19 This contrast effect 
has the advantage of increasing the conspicuity of the 
delivered agent during real time, enabling the operator 
to better define the distribution of delivered agent during 
ultrasound-guided therapy (Video 24-1).

INJECTION TECHNIQUE

We employ a sterile technique; the area in question is 
cleaned with iodine-based solution and draped with a 
sterile drape (Fig. 24-3). The transducer is immersed 
into iodine-based solution and surrounded by a sterile 
drape. A drape is also placed over portions of the ultra-
sound unit. A sonographer or radiologist positions the 
transducer; a radiologist positions the needle and per-
forms the procedure. We use 1% lidocaine and bupiva-
caine (0.25%-0.75%) for local anesthesia. Once the 
needle is in position, the procedure is undertaken while 
imaging in real time. Depending on anatomic location, 
a 1.5-inch or spinal needle with stylet is used to admin-
ister the anesthetic-corticosteroid mixture, generally  
consisting of local long-acting anesthetic and one of  
the standard injectable corticosteroid derivatives (e.g., 
triamcinolone).

Two approaches to performing injections are long axis 
and short axis, which relate needle orientation to the 
structure being injected.9 The long-axis approach refers 
to needle placement in the plane parallel to the structure 
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FIGURE 24-3. Sterile technique used for ultra-
sound-guided interventions. The current setup illustrates 
a dorsal approach for injection of the first metatarsophalangeal 
joint. A linear high-frequency transducer with a hockey stick 
configuration is convenient for injection of small joints, as illus-
trated here. In this case the needle is in the plane perpendicular 
to the transducer; the transducer parallels the joint so that the 
needle is imaged in cross section (short-axis approach).

N

fh

fn

A B

PRE-INJECTION POST-INJECTION

FIGURE 24-4. Long-axis approach: injection of left hip. The long-axis approach is suitable for deep joint injections, such 
as the hip or shoulder. A, Before injection, 22-gauge spinal needle (N) has been positioned at the femoral head-neck junction in a 50 
year-old woman with a labral tear demonstrated on MRI (not shown), to assess relief after therapeutic injection. B, After injection, con-
firmation of intra-articular deposition of injected material is obtained by the presence of micro-bubbles (arrows) deep to the joint capsule; 
fh, femoral head; fn, femoral neck.

of interest (Fig. 24-4). For example, longitudinal imaging 
of the hip to display a hip effusion might be used as the 
plane to direct the needle for ultrasound-guided aspira-
tion. Alternatively, the short-axis approach refers to 
needle entry in the plane perpendicular to the long axis 
of a structure (Fig. 24-5). For example, injection of the 
retrocalcaneal bursa or metatarsophalangeal joint might 
use a lateral approach. In our experience, the short-axis 
approach works well when performing injections or  
aspirations in small joints and tendon sheaths of the 
hand and foot. The long-axis approach appears better 
suited for deep joint injections, such as in the hip or 
shoulder. It is important to recognize, however, that 

such approaches serve merely as guidelines, and that  
no single method necessarily applies to any specific 
injection.

INJECTION MATERIALS

Most injections involve use of a long-acting corticoste-
roid in combination with a local anesthetic in relatively 
small volumes. Injectable steroids usually come in 
either crystalline form, associated with a slower rate of 
absorption, or a soluble form, characterized by rapid 
absorption.20-22 Crystalline agents include triamcinolone 
and methylprednisolone acetate (Depo-Medrol). A 
common soluble agent is Celestone, which includes a 
rapidly absorbed betamethasone salt. A reactive inflam-
matory response or flushing response may occur with 
crystalline steroids, but typically not with soluble 
agents.13

The most significant complications associated with 
injectable steroid use in the musculoskeletal system relate 
to chondrolysis (when used in weight-bearing joints), 
depigmentation, fat necrosis, and impaired healing 
response (when used in soft tissues).11-14 Impaired 
healing has been associated with tendon, ligament, and 
plantar fascia rupture. The most frequently used mix-
tures contain insoluble particles, so a systemic injection 
could theoretically result in an “embolic phenomenon,” 
which has been implicated as a mechanism for neuro-
logic complications associated with transforaminal injec-
tions. We have not encountered this as a complication 
when performing injections in the appendicular skeletal 
system.

The most common anesthetics are lidocaine (Xylo-
caine) and bupivacaine (Marcaine).22,23 Both are charac-
terized as “local injectable anesthetics” but differ in the 
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works well in the metatarsophalangeal or metacarpo-
phalangeal (MTP/MCP) and interphalangeal (IP) 
joints, midfoot, ankle, and elbow. Occasionally, a long-
axis approach may be efficacious, as in the radiocarpal 
joint and lateral gutter of the ankle (Fig. 24-6). Ultra-
sound guidance allows the clinician to negotiate osteo-
phytes and joint bodies. It allows identification of 
capsular outpouching, thereby affording a more conve-
nient, indirect approach into a joint than slipping a 
needle into a small joint space.

A long-axis approach and a spinal needle are used 
when performing injections of large joints such as the 
shoulder or hip (Fig. 24-7). A greater volume is usually 
injected, typically 5 mL of the steroid-anesthetic mixture. 
In the case of adhesive capsulitis, significantly larger 
volumes of local anesthetic (5-10 mL) may be added  
to provide additional joint distention. We generally 
approach the glenohumeral joint using a posterior 
approach, with the patient in a decubitus position and 
the arm placed in cross-adduction. An intermediate-
frequency, linear or curvilinear transducer will suffice in 
most cases. A linear transducer often results in better 

onset of effect and duration. Lidocaine is characterized 
by early onset (seconds) and short duration (1-2 hours). 
Bupivacaine becomes effective in 5 to 10 minutes and 
generally last 4 to 6 hours. In addition to allergic reac-
tions, potential adverse effects include neurotoxicity and 
cardiotoxicity; these are generally rare when small doses 
are used under image guidance, taking care to avoid an 
intravascular injection. Bupivacaine has also been associ-
ated with chondrolysis when used for intra-articular 
applications, but only with constant infusions during 
arthroscopy and in vitro.24 Chondrolysis is probably not 
an issue with the small, fixed volumes of bupivacaine 
typically employed during injections in the musculo-
skeletal system.

INJECTION OF JOINTS

A high-frequency linear transducer is used for hand, 
wrist, elbow, foot and ankle injections. A short-axis 
approach is often technically easier for small joint injec-
tions. The needle should enter the skin parallel to the 
plane of the joint space. Superficial joints usually appear 
as separations between the normally continuous specular 
echoes produced by cortical surfaces. As in other fluid-
containing structures, the presence of an effusion is a 
helpful feature in visualizing the needle as it enters the 
joint, because it provides a fluid standoff.

The short-axis approach entails scanning across the 
joint and looking for the transition from one cortical 
surface to the next, marking the skin (with a surgical 
marker) and then placing a needle into the joint using 
ultrasound guidance. When imaging the joint in long 
axis, the needle will be seen in cross section (Fig. 24-5). 
Needle placement is confirmed by injecting a small 
amount of 1% lidocaine, which should display disten-
tion of the joint, as well as echoes filling the joint. Small 
joint injections generally require 0.5 to 1 mL of the 
therapeutic mixture. In our experience, this approach 
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FIGURE 24-5. Short-axis approach for injection of first metatarsophalangeal (MTP) joint. A, Long-axis view 
shows 25-gauge needle positioned in MTP joint of 53-year-old woman with plantar plate injury; needle (N) is seen in cross section; M, 
metatarsal head; P, proximal phalanx. B, While monitoring the injection in real time, the joint capsule distends and fills with echogenic 
material; C, capsule.
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FIGURE 24-6. Long-axis approach for therapeutic 
radiocarpal joint injection. A 25-gauge needle (N) has 
been positioned deep to the dorsal capsule (C) and above the 
lunate bone (L) of 19-year-old female patient with chronic wrist 
pain, to assess relief; R, radius; CA, capitate.
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These structures are superficially located and well delin-
eated on sonography. Ultrasound-guided injections are 
an effective means to ensure correct localization of thera-
peutic agents.

Foot and Ankle

In my experience, peritendinous injections in the foot 
and ankle are most often requested for patients with 
chronic achillodynia or those with medial or lateral 
ankle pain caused by posterior tibial or peroneal tendi-
nosis or tenosynovitis. Less often, patients are referred 
to help differentiate pain from posterior impingement 
and stenosing tenosynovitis of the flexor hallucis longus 
tendon.26 This distinction can be difficult, sometimes 
requiring diagnostic and therapeutic injection of the cor-
responding tendon sheath. Patients with plantar foot 
pain caused by plantar fasciitis and forefoot pain result-
ing from painful neuromas are also frequently referred 
for ultrasound-guided injections.27,28

The large majority of patients with achillodynia have 
pain referable to the enthesis, with associated retrocalca-
neal bursitis and Achilles tendinosis. Enthesis is the site 
of attachment of a muscle or ligament to bone where the 
collagen fibers are mineralized and integrated into bone. 
A retrocalcaneal bursal injection may help alleviate local 
pain and inflammation (Fig. 24-9). We scan the patient 
in a prone position with the ankle in mild dorsiflexion, 
using a linear transducer of 10 MHz or higher frequency. 
A 1.5-inch needle usually suffices in these patients, with 
placement using a short-axis approach. The deep retro-
calcaneal bursa is usually well seen. A small amount of 
anesthetic will help confirm position by active distention 
of the bursa in real time.

We similarly approach posterior tibial or peroneal 
tendons in short axis (Fig. 24-10). Patients with pain in 
this distribution have been shown to benefit from local 

anatomic detail than curved arrays. The interface of the 
glenohumeral joint is usually seen with the patient in the 
decubitus position, as well as the hypoechoic articular 
cartilage overlying the humeral head. We perform this 
injection using a long-axis approach, with the needle 
directed toward the joint along the articular cartilage and 
deep to the posterior capsule. A test injection with 1% 
lidocaine should show bright echoes filling the posterior 
recess or distributed along the articular cartilage (Video 
24-1).

The hip is approached similarly in long axis, with the 
transducer placed over the proximal anterior thigh at the 
level of the joint25 (see Fig. 24-4). The approach is 
similar to that used in evaluating the joint for an effu-
sion. Ideally, the anterior capsule is imaged at the head-
neck junction of the femur. In this approach the scan 
plane is lateral to the neurovascular bundle. The needle 
may be directed into the joint while maintaining its 
position in the scan plane of the transducer. A test injec-
tion of 1% lidocaine confirms the intra-articular needle 
position, and the therapeutic injection follows.

Fibrous joints, such as the acromioclavicular (AC) 
joint, can likewise be injected using ultrasound guidance 
(Fig. 24-8). A short-axis technique is employed similar 
to that used in the foot. The majority of these injections 
can be performed using a 1.5-inch needle with a small 
volume (0.5-1.0 mL) of therapeutic mixture. In addition 
to the AC joint, this approach is useful in the sternocla-
vicular joint and pubic symphysis.

SUPERFICIAL PERITENDINOUS 
AND PERIARTICULAR INJECTIONS

Peritendinous injection of anesthetic and long-acting 
corticosteroid is an effective means to treat tenosynovitis, 
bursitis, and ganglion cysts in the hand, foot, and ankle. 
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FIGURE 24-7. Long-axis approach for glenohu-
meral joint injection. A 22-gauge needle (N) has been 
positioned deep to the posterior capsule (arrows) during a gleno-
humeral joint injection in 42-year-old woman with adhesive cap-
sulitis. Mild fluid distension of the posterior recess of the joint is 
evident. H, Humeral head; G, glenoid; I, infraspinatus muscle; D, 
deltoid muscle.
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FIGURE 24-8. Short-axis approach to injection of 
acromioclavicular (AC) joint. A 25-gauge needle (long 
thin arrow) is seen in cross section in a distended hypertrophic AC 
joint during therapeutic injection in 73-year-old woman with pain 
centered over AC joint. The joint appears widened, containing 
echogenic material caused by the contrast effect (short thick arrow) 
of the therapeutic agent. A, Acromion; CL, clavicle; C, distended 
capsule.
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FIGURE 24-9. Retrocalcaneal bursa injection. A, Short-axis view shows Achilles tendon (T) in 59-year-old man with retro-
calcaneal pain and history of Haglund’s deformity. A 25-gauge needle (N) enters perpendicular to the tendon’s long axis and terminates 
in a small, retrocalcaneal bursal effusion. B, Rotating transducer 90 degrees results in the more typical short-axis view, with the needle 
(arrow) seen in cross section. C, While observing in real time, the bursa distends (arrows) and fills with echogenic material (contrast effect). 
The needle is still evident within the distended bursa.
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FIGURE 24-10. Tendon sheath injection using short-axis approach. A 17-year-old female patient with medial ankle 
pain was referred for ultrasound-guided injection of posterior tibial tendon sheath. A, Preinjection view shows 25-gauge needle (N) within 
a small, tendon sheath effusion (long arrow) in the inframalleolar portion of the tendon (T). The tendon, which is inhomogeneous, is seen 
in cross section. B, Postinjection view shows that the tendon sheath is distended, confirming appropriate deposition of the injected mate-
rial. Note that the tendon margins are better delineated because of a tenosonographic effect of the injected fluid. The vascular pedicle 
(short arrow) of the tendon is evident.
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plantar margin of the fascia, thus avoiding direct intra-
fascial injection.26 The plantar fascia is imaged with the 
patient prone and the foot mildly dorsiflexed, using a 
long-axis approach. The transducer is centered over the 
medial band, which is most often implicated in these 
patients. A mark is placed over the posterior aspect of 
the heel and the needle advanced superficial to the 
plantar fascia, approximately to the margin of the medial 
tubercle (Fig. 24-12). We perform a perifascial injection 
using this approach, monitoring the distribution of 
injected material in real time.

Interdigital (Morton’s) neuromas, a common cause 
of forefoot pain especially in women, have been described 
at sonography as hypoechoic masses replacing the normal 
hyperechoic fat in the interdigital web spaces. Occasion-
ally, a dilated hypoechoic tubular structure can be seen 
associated with the neuroma, reflecting the enlarged 
feeding interdigital nerve. The second and third web 
spaces are most often involved. We generally inject  
Morton’s neuromas using a dorsal approach while 
imaging the neuroma in long axis28 (Fig. 24-13). This 
approach is well tolerated by the majority of patients. In 
certain patients, however, a plantar approach to injecting 
the nodule is preferred, such as those with severe sublux-
ation at the MTP joint. In either case, the needle is 
positioned directly within the neuroma and/or adjacent 
intermetatarsal bursa (if present) and a small volume of 
therapeutic mixture injected, similar to that used for a 
small joint injection (0.5 mL).

Hand and Wrist

In the hand and wrist, de Quervain’s tendinosis is 
a frequently encountered tendinopathy involving the 
abductor pollicis longus and extensor pollicis brevis 
tendons that responds to local administration of anti-
inflammatory agents (Fig. 24-14). Injections are also 
frequently requested for patients with rheumatoid 
arthritis or psoriatic arthritis. These patients typically 

tendon sheath injections. The presence of preexisting 
tendon sheath fluid can facilitate needle visualization. 
However, careful scanning should be done before the 
procedure to assess the needle trajectory relative to adja-
cent neurovascular structures. Use of color or power 
Doppler sonographic imaging can facilitate visualization 
of the neurovascular bundle. The posterior tibial nerve 
is closely related to adjacent vascular structures and is 
usually well seen before bifurcating into medial and 
lateral plantar branches. Fluid frequently is seen in rela-
tion to the posterior tibial tendon, in the submalleolar 
region. The peroneal tendons are less predictable. Use of 
power Doppler sonography in conjunction with real-
time guidance can help localize areas of inflammation for 
guided injection. In stenosing tenosynovitis the tendons 
may be surrounded only by a thickened retinaculum, 
proliferative synovium, or scar tissue. In this case, use of 
a test injection of local anesthesia can be invaluable to 
confirm the distribution of the therapeutic agent within 
the tendon sheath in real time.

The flexor hallucis longus (FHL) tendon poses a 
more challenging problem because of its close relation to 
the neurovascular bundle of the posterior medial ankle. 
One helpful feature in performing FHL tendon sheath 
injections is that tendon sheath effusions tend to localize 
at the posterior recess of the tibiotalar joint. The neuro-
vascular bundle is easily circumvented by placing the 
needle lateral to the Achilles tendon while scanning 
medially (Fig. 24-11). This approach allows flexibility in 
needle placement while maintaining the needle perpen-
dicular to the insonating beam.

Ultrasound diagnosis of plantar fasciitis includes 
thickening of the medial band of the plantar fascia and 
fat pad edema. One treatment option for severe plantar 
fasciitis is regional corticosteroid injection, typically per-
formed using anatomic landmarks. However, “blind” 
injections into the heel have been associated with rupture 
of the plantar fascia and failure of the longitudinal arch.13 
Ultrasound can be used to guide a needle along the 
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FIGURE 24-11. Flexor hallucis longus (FHL) tendon sheath injection. Short-axis approach with ultrasound guidance 
in 31-year-old professional dancer with posteromedial ankle pain during plantar flexion. A, Preinjection image depicts the tendon (T) at 
the level of the posterior sulcus of the talus (TA). The arrows show relationship of the tendon to the neurovascular structures. B, Postin-
jection image depicts 25-gauge needle (N) situated within the distended tendon sheath (arrows) below the neurovascular structures.
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FIGURE 24-12. Plantar fascia injection. The proximal 
medial band of the plantar fascia (PF) is thickened and inhomo-
geneous (arrows) in a 36-year-old man with hindfoot pain; calc, 
calcaneus. A 25-gauge needle (N) has been positioned superficial 
to this plantar fascia and a perifascial injection performed. The 
injected material (arrows) loculates along the superficial margin of 
the medial band.
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FIGURE 24-13. Morton’s neuroma injection. A, Preinjection image shows 25-gauge needle (N) positioned in a third web space 
neuroma using a dorsal approach in 45-year-old woman with forefoot pain. Neuroma appears as a heterogeneous hypoechoic nodule 
(arrows) within the normal echogenic fat. B, After injection and needle removal, the nodule appears expanded and echogenic (arrows). 
The injected material often decompresses into an adjacent adventitial bursa, which frequently accompanies these nodules.
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FIGURE 24-14. Injection of first dorsal compartment of wrist. This 70-year-old woman with de Quervain’s tendinosis 
had clinical symptoms of wrist pain radiating along the extensor surface of the forearm. A, Preinjection image shows 25-gauge needle (N) 
positioned in the first dorsal compartment tendon sheath under ultrasound guidance. The tendons (T) are inhomogeneous, with a small 
effusion evident (arrows) in the dependent part of the tendon sheath. B, After injection and needle removal, the injected material distends 
the sheath (arrows), producing a tenosonographic effect; the intrinsic tendon abnormalities become more conspicuous; ra, radial artery.

experience severe tenosynovitis, which can lead to sec-
ondary tendon rupture and deformity. The approach is 
similar to that used for superficial structures in the foot 
and ankle. A short-axis approach avoids the surrounding 
neurovascular structures, and the corresponding tendon 
sheaths are injected.

INJECTION OF DEEP TENDONS

Frequently requested deep tendon injections include 
those for the bicipital tendon sheath, iliopsoas tendon, 
gluteal tendon insertion onto the greater trochanter, and 
hamstring tendon origin.
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is requested.30 A lateral approach to the tendon often 
requires use of a lower-frequency transducer and curved 
linear or sector geometry. The neurovascular bundle lies 
medial and superficial to the tendon, so it is advanta-
geous to approach from the lateral margin of the tendon 
and perform a small test injection to confirm needle 
position. A successful injection will show the appearance 
of fluid or microbubbles distending a bursa that follows 
the course of the long axis of the tendon (Fig. 24-16).

BURSAL AND GANGLION  
CYST INJECTIONS

Distended bursae around tendinous insertions provide 
anatomic localization for therapeutic agents. Injection of 
these areas is often requested for the patient with local-
ized bursitis and abnormality of the adjacent tendon. 
Examples include the retrocalcaneal, iliopsoas, greater 
trochanteric, and ischial bursae (Fig. 24-17). Alterna-
tively, the presence of a bursitis, distended synovial cyst, 
or ganglion cyst may cause mechanical impingement of 
adjacent tendons. The decompression of these cysts with 
subsequent administration of a therapeutic agent may 
alleviate these symptoms31,32 (Fig. 24-18). Ultrasound 
guidance allows the clinician to avoid intratendinous 
injections as well as adjacent neurovascular structures. 
Furthermore, the needle may be redirected as necessary 
in the presence of a multiloculated cyst (Fig. 24-19).

Calcific Tendinitis

The presence of symptomatic intratendinous calcifica-
tion involves the deposition of calcium hydroxyapatite. 
This often appears as a nodular echogenic mass within 
the tendon, which may or may not display posterior 
acoustic shadowing.33 Although most often affecting 
the shoulder, this may occur elsewhere in the musculo-

Biceps Tendon

Anterior shoulder pain with radiation into the arm may 
be secondary to bicipital tendinitis or tenosynovitis.29 
The biceps tendon can be palpated, but if nondistended, 
the sheath may offer less than 2 mm of clearance to place 
a needle. This is complicated by the caudal extension of 
the subacromial subdeltoid bursa, which may overlie the 
bicipital tendon sheath. A non-image-guided injection 
could therefore result in delivery into an extratendinous 
synovial space, or possibly result in an intratendinous 
injection. We have found that ultrasound guidance 
enables localization of therapeutic agent to the biceps 
tendon sheath.10

The patient is placed recumbent with the forearm 
supinated and the shoulder mildly elevated. The bicipital 
groove is oriented anteriorly. A linear transducer, typi-
cally 7.5 MHz, is used with a lateral approach and 25- or 
22-gauge needle (Fig. 24-15). The long head of the 
biceps tendon is scanned in short axis. When fluid dis-
tends the bicipital tendon sheath, the tip is directed into 
the fluid. Otherwise, the needle is directed along the 
superficial margin of the tendon, and a test injection of 
local anesthetic is used to confirm local distention of the 
sheath, which is then followed by administration of  
the long-acting corticosteroid. The presence of fluid  
distention of the sheath with superficially located  
microbubbles helps to confirm a successful injection.

Iliopsoas Tendon

The iliopsoas tendon lies superficial to and along the 
medial margin of the anterior capsule of the hip. The 
tendon inserts onto the lesser trochanter. A bursa that 
frequently communicates with the hip is seen in this 
location and may be distended because of underling joint 
pathology or a primary iliopsoas bursitis. Alternatively, 
iliopsoas tendinosis may occur in the absence of a pre-
existing bursitis for which a peritendinous injection  
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FIGURE 24-15. Biceps tendon sheath injection. Biceps tendinosis is clinically suspected and a biceps tendon sheath injection 
requested for this 41-year-old man with development of anterior shoulder pain after arthroscopic surgery for labral tear. A, Preinjection 
image shows 25-gauge needle (N) placed superficial to the long head of the biceps tendon (arrow); bg, bicipital groove. B, After injection 
and needle removal, there is distension of the tendon sheath by fluid (arrows) containing low-level echoes caused by contrast effect.



944  PART III ■ Small Parts, Carotid Artery, and Peripheral Vessel Sonography

A B

nv

efh

N

FIGURE 24-17. Ultrasound-guided aspiration and injection of multiloculated iliopsoas bursa. A, Image shows 
22-gauge spinal needle (N) positioned into the lateral component of the bursa in 65-year-old woman with groin pain; fh, femoral head; 
e, iliopectineal eminence. B, After aspiration of the lateral component, the needle has been advanced into the medial component for 
aspiration and subsequent injection with therapeutic mixture; nv, neurovascular structures.
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FIGURE 24-18. Ultrasound-guided aspiration and injection of clinically suspected Baker’s cyst. A, Preinjection 
image shows 22-gauge needle (N) positioned in the cyst (C) under ultrasound guidance in 59-year-old woman with posterior knee pain 
and swelling; mhg, medial head of gastrocnemius muscle. B, After cyst aspiration and injection of the therapeutic mixture, the anechoic 
fluid is replaced by echogenic fluid resulting from contrast effect (arrows).
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FIGURE 24-16. Ultrasound-guided iliopsoas bursa injection for pain relief. This 66-year-old woman with a total 
hip arthroplasty had developed pain with hip flexion. A, Preinjection image shows 22-gauge spinal needle (N) positioned deep to the 
tendon (T) at the level of the iliopectineal eminence (e), using a short-axis approach; fa, femoral artery; fn, femoral nerve. B, After injec-
tion and needle removal, fluid surrounds the tendon within the distended iliopsoas bursa (arrow).

skeletal system. Ultrasound-guided fragmentation and 
lavage have been described as an excellent method to 
reduce the level of calcification and to deposit therapeu-
tic agents.34-37 We currently employ a single-needle tech-
nique, with the needle acting as inflow for anesthetic/ 

sterile saline and as an outflow for the calcium solution 
(Fig. 24-20). The elasticity of the pseudocapsule encas-
ing the calcification is sufficient to decompress the cal-
cific mass in the majority of cases (Video 24-2). After 
multiple lavages, the needle is used to inject anesthetic 
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FIGURE 24-19. Ultrasound-guided aspiration and injection of multiloculated ganglion cyst. A, Baseline sono-
gram shows a multiloculated cyst (c) within the vastus lateralis muscle of the left knee and superficial to the lateral margin of the femur 
(f ) in 41-year-old woman. B, 20-gauge spinal needle (N) was initially positioned into the proximal component of the cyst; C, Subsequently, 
the needle was redirected into the distal component. Multiple lavages and aspiration enabled complete decompression of the cyst (not 
shown).
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FIGURE 24-20. Ultrasound-guided aspiration and injection for calcific tendinosis. A, Image shows 20-gauge spinal 
needle (N) positioned into the calcification (arrow) under ultrasound guidance in 42-year-old man with shoulder pain; H, humeral head; 
D, deltoid. B, Series of repeat lavage and aspirations of the calcification are performed with the calcification eventually largely replaced by 
fluid contents within the surrounding pseudocapsule of the calcific mass; T, rotator cuff tendons. Notice that the degree of posterior 
acoustic shadowing has diminished, and that the center of the calcification (arrow on A) is partially replaced by fluid. After numerous 
lavages, the calcification is typically fenestrated, and a therapeutic mixture is injected and often decompresses into the subdeltoid bursa 
(not shown).

and anti-inflammatory mixture. The injected mixture is 
distributed within the calcification and adjacent subdel-
toid bursa in most cases. If the calcification is too small 
or fragmented, precluding lavage and decompression, 
the single needle is used to fenestrate the calcium deposit, 
and a peritendinous therapeutic injection has been 
shown to be effective.

INTRATENDINOUS INJECTIONS: 
PERCUTANEOUS TENOTOMY
Recent literature suggests that image guidance can be 
useful for performing percutaneous tenotomy and intra-
tendinous injections with either autologous blood or 
platelet-rich plasma (PRP).38-42 All these methods are 
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tions have been successfully used in both the elbow and 
the knee39-41 (Figs. 24-21 and 24-22; Video 24-3). The 
advantage of performing these injections under ultra-
sound guidance becomes evident when the clinician 
wants to generalize such techniques to include tendons 
close to neurovascular structures, such as the hamstring 
tendon origin.

CONCLUSION

Ultrasound offers distinct advantages in providing guid-
ance for delivery of therapeutic injections. Most impor-
tantly, ultrasound allows the operator to visualize the 
needle and make adjustments in real time, to ensure that 
medication is delivered to the appropriate location. The 
current generation of ultrasound scanners provides excel-
lent depiction of relevant musculoskeletal anatomy. The 
needle has a unique sonographic appearance and can be 
monitored with real-time imaging, as can the steroid-
anesthetic mixture. Given these advantages, ultrasound 
guidance should become the method of choice to perform 
a large variety of guided musculoskeletal interventions.
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Stroke secondary to atherosclerotic disease is the 
third leading cause of death in the United States. Many 
stroke victims survive the catastrophic event with some 
degree of neurologic impairment.1 More than 500,000 
new cases of cerebrovascular accident (CVA, stroke) are 
reported annually.2 Ischemia from severe, flow-limiting 
stenosis caused by atherosclerotic disease involving the 
extracranial carotid arteries is implicated in 20% to 30% 
of strokes.2 An estimated 80% of CVAs are thromboem-
bolic in origin, often with carotid plaque as the embolic 
source.3

Carotid atherosclerotic plaque with resultant stenosis 
usually involves the internal carotid artery (ICA) within 
2 cm of the carotid bifurcation. This location is readily 
amenable to examination by sonography as well as surgi-
cal intervention. Carotid endarterectomy (CEA) ini-
tially proved to be more beneficial than medical therapy 
in symptomatic patients with carotid stenoses of more 
than 70%, as reported in the North American Symp-
tomatic Carotid Endarterectomy Trial (NASCET) 
and the European Carotid Surgery Trial (ECST).4,5

Subsequent NASCET results for moderate stenoses 
have shown a net benefit for surgical intervention with 
carotid narrowing between 50% and 69% of vessel 
diameter. A 15.7% reduction in the 5-year ipsilateral 
stroke rate was seen in patients treated surgically, versus 
22.2% stroke reduction in those treated medically. These 
results are not as compelling as those for the higher 

degree of stenosis seen in the earlier NASCET trial. The 
benefit from surgery was greatest in men, patients with 
recent stroke, and those with hemispheric symptoms.  
In addition, the NASCET trials dealing with moderate 
carotid stenoses required rigorous surgical expertise, such 
that the risks for disabling stroke or death should not 
exceed 2% to achieve the statistical surgical benefit.6 The 
Asymptomatic Carotid Atherosclerosis Study (ACAS) 
trials published in 1995 reported a reduction in ipsilat-
eral stroke in asymptomatic patients with greater than 
60% ICA stenoses who undergo CEA.2 However, these 
results were less clear-cut than the NASCET trials.

Accurate diagnosis of carotid stenosis clearly is critical 
to identify patients who would benefit from surgical 
treatment. In addition, ultrasound can assess plaque 
morphology, such as determining heterogeneous or 
homogeneous plaque, known to be an independent risk 
factor for stroke and transient ischemic attack (TIA).

Over the past two decades, carotid sonography has 
largely replaced angiography as the principal screening 
method for suspected extracranial carotid atherosclerotic 
disease. Gray-scale examination, color Doppler, power 
Doppler, and pulsed Doppler imaging techniques are 
routinely employed in the evaluation of patients with 
neurologic symptoms and suspected extracranial cerebral 
disease.7

Ultrasound is an inexpensive, noninvasive, and  
highly accurate method of diagnosing carotid stenosis. 

948
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different proximal configurations, with the right origi-
nating at the bifurcation of the innominate (brachioce-
phalic) artery into the common carotid and subclavian 
arteries. The left CCA usually originates directly from 
the aortic arch but often arises with the brachiocephalic 
trunk. This is known as a “bovine arch” configuration. 
The CCA usually has no branches in its cervical region. 
Occasionally, however, it may give off the superior 
thyroid artery, vertebral artery, ascending pharyngeal 
artery, and occipital or inferior thyroid artery. At the 
carotid bifurcation, the CCA divides into the external 
carotid artery (ECA) and the internal carotid artery 
(ICA). The ICA usually has no branching vessels in the 
neck. The ECA, which supplies the facial musculature, 
has multiple branches in the neck. The ICA may dem-
onstrate an ampullary region of mild dilation just beyond 
its origin.

CAROTID ULTRASOUND 
EXAMINATION

Carotid artery ultrasound examinations are performed 
with the patient supine, the neck slightly extended, and 
the head turned away from the side being examined. 
Some operators prefer to perform the examination at  
the patient’s side, whereas others prefer to sit at the 
patient’s head. The examination sequence also varies 

Angiography is an expensive, invasive test with potential 
morbidity, which is why reliance on carotid sonography 
without preoperative angiography is becoming increas-
ingly common. Magnetic resonance angiography 
(MRA) and computed tomography (CT) are additional 
noninvasive screening tools for the identification of 
carotid bifurcation disease as well as for clarification of 
ultrasound findings. Angiography is often now reserved 
for those patients for whom the ultrasound or MRA was 
equivocal or inadequate.

Other carotid ultrasound applications include the 
evaluation of carotid bruits, monitoring the progression 
of known atherosclerotic disease,7-9 assessment during or 
after CEA or stent placement,10 preoperative screening 
prior to major vascular surgery, and evaluation after  
the detection of retinal cholesterol emboli.7 Also, 
nonatherosclerotic carotid diseases can be evaluated, 
including follow-up of carotid dissection,11-15examina-
tion of fibromuscular dysplasia or Takayasu’s arteritis, 
assessment of malignant carotid artery invasion,16,17 
and workup of pulsatile neck masses and carotid body 
tumors.18,19

CAROTID ARTERY ANATOMY

The first major branch of the aortic arch is the innomi-
nate or brachiocephalic artery, which divides into the 
right subclavian artery and right common carotid artery 
(CCA). The second major branch is the left CCA, which 
is generally separate from the third major branch, the left 
subclavian artery (Fig. 25-1).

The right and left CCAs ascend into the neck postero-
lateral to the thyroid gland and lie deep to the jugular 
vein and sternocleidomastoid muscle. The CCAs have 
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FIGURE 25-1. Branches of aortic arch and extra-
cranial cerebral arteries. R, Right side; L, left side; A, 
aortic arch; C, common carotid artery; E, external carotid artery; 
In, innominate artery; I, internal carotid artery; S, subclavian 
artery; V, vertebral artery.

INDICATIONS FOR CAROTID 
ULTRASOUND

Evaluation of patients with hemispheric neurologic 
symptoms, including stroke, transient ischemic 
attack, and amaurosis fugax.

Evaluation of patients with a carotid bruit.
Evaluation of pulsatile neck masses.
Preoperative evaluation of patients scheduled for 

major cardiovascular surgical procedures.
Evaluation of nonhemispheric or unexplained 

neurologic symptoms.
Follow-up of patients with proven carotid disease.
Evaluation of patients after carotid revascularization, 

including stenting.
Intraoperative monitoring of vascular surgery.
Evaluation of suspected subclavian steal syndrome.
Evaluation of a potential source of retinal emboli.
Follow-up of carotid dissection.
Follow-up of radiation therapy to the neck in select 

patients.
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In approximately 60% of patients, both vessels above the 
carotid bifurcation and the CCA can be imaged in the 
same plane (Fig. 25-3); in the remainder, only a single 
vessel will be imaged in the same plane as the CCA. 
Images are obtained to display the relationship of both 
branches of the carotid bifurcation to the visualized 
plaque disease, and the cephalocaudal extent of the 
plaque is measured. Several anatomic features differenti-
ate the ICA from the ECA. In about 95% of patients, 
the ICA is posterior and lateral to the ECA. This may 
vary considerably, however,10 and the ICA may be medial 
to the ECA in 3% to 9% of people. The ICA frequently 
has an ampullary region of dilation just beyond its origin 
and is usually larger than the ECA. One reliable distin-
guishing feature of the ECA is its branching vessels 
(Fig. 25-4, A).

The superior thyroid artery is often seen as the first 
branch of the ECA after the bifurcation of the CCA. 

with operator preference. This sequence includes the 
gray-scale examination, Doppler spectral analysis, and 
color Doppler blood flow interrogations. Power Doppler 
sonography may or may not be employed. A 5 to 12–
MHz transducer is used for gray-scale imaging and a 3 
to 7–MHz transducer for Doppler sonography; the 
choice depends on the patient’s body habitus and techni-
cal characteristics of the ultrasound machine. Color 
Doppler flow imaging and power Doppler imaging may 
be performed with 5 to 10–MHz transducers. In cases 
of critical stenosis, the Doppler parameters should be 
optimized to detect extremely slow flow.

Gray-scale sonographic examination begins in the 
transverse projection. Scans are obtained along the entire 
course of the cervical carotid artery, from the supracla-
vicular notch cephalad to the angle of the mandible (Fig. 
25-2). Inferior angulation of the transducer in the supra-
clavicular area images the CCA origin. The left CCA 
origin is deeper and more difficult to image consistently 
than the right. The carotid bulb is identified as a mild 
widening of the CCA near the bifurcation. Transverse 
views of the carotid bifurcation establish the orientation 
of the external and internal carotid arteries and help 
define the optimal longitudinal plane in which to 
perform Doppler spectral analysis. When the transverse 
ultrasound images demonstrate occlusive atherosclerotic 
disease, the percentage of “diameter stenosis” or “area 
stenosis” can be calculated directly using electronic cali-
pers and software analytic algorithms available on most 
duplex equipment.

After transverse imaging, longitudinal scans of the 
carotid artery are obtained. The examination plane nec-
essary for optimal longitudinal scans is determined by 
the course of the vessels demonstrated on the transverse 
study. In some patients the optimal longitudinal orienta-
tion will be nearly coronal, whereas in others it will be 
almost sagittal. In most cases the optimal longitudinal 
scan plane will be oblique, between sagittal and coronal. 

A

E I

B

FIGURE 25-2. Carotid sonographic anatomy. A, Transverse image of the left carotid bifurcation. The larger, more lateral vessel 
is the internal carotid artery (I); E, external carotid artery. B, Color Doppler shows normal flow separation (arrow) in the proximal internal 
carotid artery.

E

I

C

FIGURE 25-3. Carotid bifurcation. Longitudinal image 
demonstrates common carotid artery (C); external carotid artery 
(E); and large, posterior internal carotid artery (I).
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or power Doppler images better demonstrate and quan-
tify low-grade stenoses, whereas high-grade occlusive 
disease is more accurately defined by Doppler spectral 
analysis. For plaque characterization, assessment must 
be made in gray scale only, without color or power 
Doppler ultrasound.

Visual Inspection of  
Gray-Scale Images

Vessel Wall Thickness and  
Intima-Media Thickening

Longitudinal views of the layers of the normal carotid 
wall demonstrate two nearly parallel echogenic lines, 
separated by a hypoechoic to anechoic region (Fig. 25-5). 
The first echo, bordering the vessel lumen, represents the 
lumen-intima interface; the second echo is caused by the 
media-adventitia interface. The media is the anechoic/
hypoechoic zone between the echogenic lines. The  
distance between these lines represents the combined 
thickness of the intima and media (I-M complex). 
The far wall of the CCA is measured. Many consider 
measurement of intima-media thickness (IMT) to be a 
surrogate marker for atherosclerotic disease in the whole 
arterial system, not only the cerebrovascular system. 
Some believe that thickening of the I-M complex greater 
than 0.8 mm is abnormal and may represent the earliest 
changes of atherosclerotic disease. However, because 
thickness of the I-M increases with age, absolute  
measurements of IMT for any given person may not  

Occasionally, an aberrant superior thyroid artery branch 
will arise from the distal CCA. The ICA usually has no 
branches in the neck, although rarely the ICA gives rise 
to the ascending pharyngeal, occipital, facial, laryngeal, 
or meningeal arteries. In some patients, a considerable 
amount of the ICA will be visible, but in others, only 
the immediate origin of the vessel will be accessible. Very 
rarely, the bifurcation may not be visible at all.19 Rarely, 
the ICA may be hypoplastic or congenitally absent.20 A 
useful method to identify the ECA is the tapping of the 
superficial temporal artery in the preauricular area, the 
temporal tap (TT). The pulsations are transmitted back 
to the ECA, where they cause a sawtooth appearance on 
the spectral waveform (Fig. 25-4, B). Although the tap 
helps identify the ECA, this tap deflection may be trans-
mitted into the CCA and even the ICA in certain rare 
situations.

CAROTID ULTRASOUND 
INTERPRETATION

Each facet of the carotid sonographic examination is 
valuable in the final determination of the presence  
and extent of disease. In most cases the gray-scale, color 
Doppler, and power Doppler sonographic images and 
assessments will agree. However, when there are discrep-
ancies between Doppler ultrasound and information, 
every attempt should be made to discover the source  
of the disagreement. The more closely the image and 
Doppler findings correlate, the higher the degree of con-
fidence in the diagnosis. Generally, gray-scale and color 

A B

FIGURE 25-4. Normal external carotid artery (ECA). A, Color Doppler ultrasound of bifurcation demonstrates two small 
arteries originating from the ECA. B, ECA spectral Doppler shows the anticipated serrated (sawtooth) flow disturbance from the temporal 
artery tap (TT).
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FIGURE 25-5. Normal intima-media (I-M) complex 
of common carotid artery. The I-M complex (arrows) is 
seen in a left common carotid artery.

A B

FIGURE 25-6. Abnormal intima-media complex of common carotid artery (CCA). A, Early I-M hyperplasia with 
loss of the hypoechoic component of the I-M complex and thickening (arrows). B, Thickening of the I-M complex with hyperplasia 
(arrows).

be a reliable indicator of atherosclerotic risk factors21 
(Fig. 25-6).

Numerous studies support the relationship between 
IMT and increased risk for myocardial infarction or 
stroke in asymptomatic patient populations.14,22-29 IMT 
may be superior to the coronary artery calcification score 
for identifying patients at high risk for these cardiovas-
cular events.14 Assessment of IMT has been advocated as 
a means of assessing effectiveness of medical interven-
tions to reduce the progression of I-M thickening or  
even reverse carotid wall thickening. Whether these  

measurements have validity for assessment of an indi-
vidual patient versus large groups of patients remains 
controversial. Studies demonstrating the accuracy of 
interobserver variability, reproducibility, and precision 
are needed before IMT assessment can be advocated for 
individual patient management.

Plaque Characterization

Atheromatous carotid plaques should be carefully eval-
uated to determine plaque extent, location, surface 
contour, and texture, as well as to assess luminal steno-
sis.30 The plaque should be scanned and evaluated in 
both the sagittal and the transverse projections.31 The 
most common cause of TIAs is embolism, not flow-
limiting stenosis; less than half of patients with docu-
mented TIA have hemodynamically significant stenosis. 
It is important to identify low-grade atherosclerotic 
lesions that may contain hemorrhage or ulceration, 
which can serve as a nidus for emboli that cause both 
TIAs and stroke.1 Polak et al.32 showed that plaque is an 
independent risk factor for developing a stroke.32 Of 
patients with hemispheric stroke symptoms, 50% to 
70% demonstrate hemorrhagic or ulcerated plaque. 
Plaque analysis of CEA specimens has implicated intra-
plaque hemorrhage as an important factor in the devel-
opment of neurologic symptoms.33-39 However, the 
relationship between sonographic plaque morphology 
and the onset of symptoms is controversial.

Plaque texture is generally classified as homogeneous 
or heterogeneous.* The accurate evaluation of plaque 
can only be made with gray-scale ultrasound, without 
the use of color or power Doppler. The plaque must  
be evaluated in both sagittal and transverse planes.31 

*References 9, 24, 27, 30, 31, 33-35, 40-44.
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intraplaque hemorrhage (sensitivity, 90%-94%; specific-
ity, 75%-88%).33,39,42,45-47

Some sources suggest classifying plaque according  
to four types. Plaque types 1 and 2, similar to hetero-
geneous plaque and much more likely to be associated 

Homogeneous plaque has a generally uniform echo 
pattern and a smooth surface (Fig. 25-7). Sonolucent 
areas may be seen, but the amount of sonolucency is less 
than 50% of the plaque volume. The uniform acoustic 
texture corresponds pathologically to dense fibrous con-
nective tissue. Calcified plaque produces posterior 
acoustic shadowing and is common in asymptomatic 
individuals (Fig. 25-8). Heterogeneous plaque has a 
more complex echo pattern and contains one or more 
focal sonolucent areas corresponding to more than 50% 
of the plaque volume (Fig. 25-9). Heterogeneous plaque 
is characterized pathologically by containing intraplaque 
hemorrhage and deposits of lipid, cholesterol, and pro-
teinaceous material.10,42 Homogeneous plaque is identi-
fied much more often than heterogeneous plaque, 
occurring in 80% to 85% of patients examined.32 Sonog-
raphy accurately determines the presence or absence of 

A B

C D

FIGURE 25-7. Homogeneous plaque. A, Sagittal, and B, transverse, images show homogeneous plaque in left common carotid 
artery (type 4). Note the uniform echo texture. C, Sagittal, and D, transverse, images show homogeneous plaque in proximal left internal 
carotid artery (type 3). Note the focal hypoechoic area within the plaque, estimated at less than 50% of plaque volume.

ULTRASOUND TYPES OF  
PLAQUE MORPHOLOGY

Type 1: Predominantly echolucent, with a thin 
echogenic cap

Type 2: Substantially echolucent with small areas 
of echogenicity (>50% sonolucent)

Type 3: Predominantly echogenic with small areas 
of echolucency (<50% sonolucent)

Type 4: Uniformly echogenic
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S

FIGURE 25-8. Calcified plaque. Calcific plaque (arrow) 
produces a shadow (S), which obscures a portion of the left carotid 
bulb.

ULTRASOUND FEATURES SUGGESTIVE 
OF PLAQUE ULCERATION

Focal depression or break in plaque surface
Anechoic region within plaque extending to vessel 

lumen
Eddies of color within plaque

with intraplaque hemorrhage and ulceration, are consid-
ered unstable and subject to abrupt increases in plaque 
size after hemorrhage or embolization.9,31,43,48,49 Types 1 
and 2 plaque are typically found in symptomatic patients 
with stenoses greater than 70% of diameter. Plaque 
types 3 and 4 are generally composed of fibrous tissue 
and calcification. These plaque types are similar to 
homogeneous plaque. These are generally more benign, 
stable plaques typically seen in asymptomatic individuals 
(see Fig. 25-8).

Other methods are being introduced to characterize 
plaque in a more automated and reproducible manner. 
Reiter et al.50 developed a gray-scale median (GSM) 
level for echolucency of plaque after standardizing and 
adjusting the B-mode images. They obtained standard-
ized GSM levels for asymptomatic patients with greater 
than 30% stenosis and found that decreasing echolu-
cency of carotid plaques over 6 to 9 months is predictive 
of major cardiovascular events affecting coronary, 
peripheral, and cerebrovascular circulation. However, 
absolute GSM levels were not associated with a specific 
risk.50

Plaque Ulceration

Although ultrasound reportedly detects intraplaque 
hemorrhage reliably, in general neither angiography nor 
sonography has proved highly accurate in identifying 
ulcerated plaque.48,51 However, virtually all ulcerated 
plaques that can be accurately identified fit into the 
heterogeneous pattern.31,48,51 Sonographic findings that 
suggest plaque ulceration include a focal depression or 
break in the plaque surface, causing an irregular surface, 

or an anechoic area within the plaque that extends to the 
plaque surface without an intervening echo between  
the vessel lumen and the anechoic plaque region. Recent 
studies suggest that color and power Doppler ultrasound 
may improve sonographic identification of plaque  
ulceration. Color or power Doppler ultrasound or  
B-flow imaging (a proprietary non-Doppler imaging 
technique) may demonstrate slow-moving eddies of 
color within an anechoic region in plaque, which would 
suggest ulceration47 (Fig. 25-10). The demonstration of 
these flow vortices was 94% accurate in predicting  
ulcerative plaque at surgery in one study.52 Preliminary 
studies suggest that ultrasound contrast agents may 
further improve the ability to identify plaque surface 
characteristics.53

A potential pitfall in the diagnosis of plaque ulceration 
may result from a mirror-image artifact producing pseu-
doulceration of the carotid artery. Highly reflective 
plaque can produce a color Doppler ghost artifact simu-
lating ulceration. However, the region of color within 
the plaque can be recognized as artifactual because the 
spectral waveform and color shading within the pseu-
doulceration are of lower amplitude, but otherwise iden-
tical to those within the true carotid lumen.54 Conversely, 
pulsed Doppler traces from within ulcer craters show 
low-velocity damped waveforms (Fig. 25-11).

Although the diagnosis of ulceration is controversial, 
the ability to predict intraplaque hemorrhage reliably, 
with its associated clinical implications, underscores the 
importance of ultrasound plaque characterization. The 
presence of heterogeneous, irregular plaque should be 
noted because hemorrhagic plaque in a stenosis of less 
than 50% may be considered a surgical lesion in the 
appropriate clinical setting. Many now consider hetero-
geneous plaque to be the “vulnerable,” unstable form of 
plaque that should be treated differently then the more 
stable homogeneous form of plaque.55 Plaque character-
ization should be considered when determining the type 
of therapy to use in carotid intervention. Angioplasty 
and subsequent stenting of carotid vessels might be safer 
if performed in patients with homogeneous plaque than 
those with heterogeneous plaque.55

Gray-Scale Evaluation of Stenosis

Measurements of carotid diameter and area stenosis 
should be made in the transverse plane, perpendicular to 
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FIGURE 25-9. Heterogeneous plaque in internal carotid artery (ICA). A, Sagittal, and B, transverse, images show 
plaque (arrows) virtually completely sonolucent, consistent with heterogeneous plaque (type 1). Note smooth plaque surface. C, Sagittal, 
and D, transverse, images show focal sonolucent areas within the plaque greater than 50% of plaque volume, corresponding to heteroge-
neous plaque (type 2). Note the irregular surface of the plaque. E, Sagittal image of the ICA shows heterogeneous sonolucent plaque most 
evident on color flow duplex imaging by the small, displaced residual lumen. The plaque is completely sonolucent (type 1) and indicative 
of acute hemorrhage. F, On the gray-scale image alone, plaque may be easily overlooked because of the degree of sonolucency.
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A B

FIGURE 25-10. Plaque ulceration. A, Color Doppler, and B, power Doppler, longitudinal images show blood flow (arrow) into 
hypoechoic ulcerated plaque.

A B

FIGURE 25-11. Plaque ulceration and abnormal flow. A, Longitudinal image of the proximal right internal carotid artery 
demonstrates heterogeneous plaque with an associated area of reversed low-velocity eddy flow within an ulcer (arrow). B, Pulsed Doppler 
waveforms in this ulcer crater demonstrate the extremely damped low-velocity reversed flow, not characteristic of that seen within the 
main vessel lumen of the ICA.

the long axis of the vessel, using gray-scale, B-flow, or 
power Doppler sonographic imaging30 (Fig. 25-12). 
Measurements made on longitudinal scans may overes-
timate or underestimate the severity of stenosis by partial 
“voluming” through an eccentric plaque. The percentage 
of diameter stenosis and the percentage of area stenosis 
are not always linearly related. Clinical records should 
state the type of stenosis measured. Asymmetrical steno-
ses are most appropriately assessed with “percentage of 
area stenosis” measurements,30 although these are often 
time-consuming and technically difficult. The cephalo-

caudal extent and length of plaques should be noted, 
along with the presence of tandem plaques.

As the severity of a stenosis increases, the quality of 
the real-time image deteriorates.54,56 Several factors work 
against successful image assessment of high-grade steno-
sis. Plaque calcification and irregularity produce shadow-
ing, which obscures the vessel lumen. Heterogeneous 
plaque often has acoustic properties similar to flowing 
blood, producing anechoic plaques or thrombi that  
are almost invisible on gray-scale images. In the most 
extreme cases, vessels can show little visible plaque yet 
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flow toward the transducer is displayed above the zero- 
velocity baseline, and flow away from the transducer is 
below. For ease of analysis, spectra that project below the 
baseline are often inverted and placed above the baseline, 
always keeping in mind the true direction of flow within 
the vessel. The amplitude of each velocity component 
(number of RBCs with each velocity component) is  
used to modulate the brightness of the traces. This is  
also known as a gray-scale velocity plot. In the normal 
carotid artery, the frequency spectrum is narrow in 
systole and somewhat wider in early and late diastole. 
There is usually a black zone between the spectral line 
and the zero-velocity baseline called the spectral 
window59,60 (Fig. 25-13).

The ICA and ECA branches of the CCA have dis-
tinctive spectral waveforms (Fig. 25-14). The external 
carotid artery supplies the high-resistance vascular bed 

be totally occluded (see Fig. 25-9, E and F ). Color 
Doppler sonography readily identifies such phenomena. 
For these reasons, real-time gray-scale ultrasound is best 
suited for the evaluation of non-rate-limiting lesions, 
and not for quantifying high-grade stenoses, which are 
more accurately determined by spectral analysis.57,58 The 
gray-scale findings and Doppler spectral analysis values 
must be integrated and correlated for a complete ultra-
sound assessment of the carotid vessels.

It is probably unnecessary to make a quantitative 
assessment of the degree of stenosis. Rather, a qualita-
tive assessment of the amount of plaque should be made 
and compared to the Doppler spectral findings to ensure 
accuracy in grading stenoses. A mismatch between the 
qualitative assessment of the amount of plaque and the 
Doppler findings should alert the examiner to a possible 
technical error. If these cannot be resolved, further 
assessment with CT angiography or MRA should be 
considered.

Doppler Spectral Analysis

The Doppler spectrum is a quantitative graphic display 
of the velocities and directions of moving red blood cells 
(RBCs) present in the Doppler sample volume. Although 
Doppler assessment of carotid occlusive disease can be 
performed using frequency data, velocity calculations are 
preferable. Velocity values are potentially more accurate 
than frequency shift measurements, because angle theta, 
between the transducer line of sight and the blood flow 
vector, is used to convert a frequency shift to velocity. 
Frequency shifts vary according to the angle theta and 
the incident Doppler frequency; velocity measurements 
take both these factors into account.

The Doppler spectral display represents velocities  
on the y axis and time on the x axis. By convention, 

A B

B A

FIGURE 25-12. Measurement of carotid artery diameter. A, Power Doppler transverse image shows a less than 50% 
diameter stenosis (cursors). B, Transverse B-mode flow image of the right carotid bifurcation shows measurement of stenosis (B) in area 
of internal carotid artery; A, outer ICA area.

W

FIGURE 25-13. Normal internal carotid artery (ICA) 
waveform. Normal, low-resistance ICA waveform with clear 
spectral window (W) indicating the absence of spectral 
broadening.



958  PART III ■ Small Parts, Carotid Artery, and Peripheral Vessel Sonography

A
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FIGURE 25-14. Normal external carotid artery (ECA), internal carotid artery (ICA), and common carotid 
artery (CCA) waveforms. A, Right ECA shows a sharp systolic upstroke and relatively low-velocity end diastolic flow (arrow), 
indicating a vessel supplying high-impedance circulation. B, ICA shows a larger amount of end diastolic flow consistent with the low-
impedance intracerebral circulation. Angle theta (arrow) is 50 degrees. C, Normal distal CCA waveform is a composite of low-resistance 
ICA and higher-resistance CCA waveforms. Note that flow in C is toward the transducer (arrow) and the Doppler spectrum is plotted 
above the baseline. In A and B, flow is directed away from the transducer. Although these spectra have been inverted, the negative velocity 
signs (arrows) remind the operator of the true flow direction.

of the facial musculature, so its flow resembles that  
of other peripheral arterial vessels. Flow velocity rises 
sharply during systole and falls rapidly during diastole, 
approaching zero or transiently reversing direction.  
The internal carotid artery supplies the low-resistance 
circulation of the brain and demonstrates flow similar to 
that in vessels supplying other blood-hungry organs, 
such as the liver, kidneys, and placenta. The common 
feature in all low-resistance arterial waveforms is that a 
large quantity of forward flow continues throughout 
diastole. The common carotid artery waveform is a 
composite of the internal and external waveforms, but 
most often the CCA flow pattern more closely resembles 
that of the ICA, and diastolic flow is generally above the 
baseline. Approximately 80% of the blood flowing from 

the CCA goes through the ICA into the brain, whereas 
20% goes through the ECA into the head musculature. 
The relative decrease in blood flow through the ECA will 
cause it to have a generally lower-amplitude gray-scale 
waveform than in either the ICA or the CCA.10

Standard Examination

Virtually all state-of-the-art ultrasound equipment offers 
color and power Doppler, as well as gray-scale capabili-
ties and pulsed Doppler, for the carotid examination. A 
rapid color Doppler screen allows the detection of abnor-
mal flow patterns, which allows the pulsed Doppler 
signal volume to be placed in areas that are abnormal, 
especially those with high-velocity jets. These high-
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tion into velocity values (see Fig. 25-14, B). Doppler 
angle theta is defined as the angle between the Doppler 
transducer line of sight and the direction of blood flow. 
The ideal angle theta is 0 degrees, as the cosine of this 
angle is 1, thus resulting in the greatest possible detect-
able frequency shift. Because this angle is rarely achiev-
able in the clinical setting, a range of angles from 30 to 
60 degrees is considered acceptable for carotid spectral 
analysis.

Certain schools of ultrasound use a technique in 
which the Doppler angle is set at 60% and the transducer 
is “heel and toed” to parallel the carotid artery for 
Doppler spectral analysis. In our experience, it is fre-
quently not possible to optimize cursor placement in the 
midportion of the vessel using this technique in tortuous 
vessels. Therefore, our technique involves selecting the 
site of spectral analysis and paralleling the wall of the 
vessel at that point, making certain that the Doppler 
angle does not exceed 60 degrees. Although either tech-
nique can be used, results obtained using these different 
methodologies can result in different velocities. Thus, if 
the first technique is used, a different set of velocity 
criteria should be expected than if the second is used. 
This is one of the factors responsible for the differences 
in velocity spectral criteria used in different laboratories 
(Fig. 25-16). When angle theta exceeds 60 to 70 degrees, 
the accuracy of velocity measurement declines precipi-
tously, to the point that virtually no velocity change  
is detected at angle theta of 90 degrees (Fig. 25-17). 
The entire course of the CCA and ICA should be  
interrogated with a consistent angle theta between the 
transducer and the vessel maintained throughout the 
examination, when possible. Generally, only the origin 
of the ECA is evaluated because occlusive plaque is less 
common here than in the ICA and is rarely clinically 
significant. A stenosis of the ECA should be noted 
because it may account for a worrisome cervical bruit 
when the ICA is normal.20

FIGURE 25-15. Color Doppler jet. High-velocity jet 
(arrow) or aliasing color demonstrates the area of highest velocity 
in the area of stenosis.

A B

FIGURE 25-16. Doppler angle theta measurement. A, Velocity obtained in the distal internal carotid artery with angle theta 
of 60 degrees is higher than that obtained at 44 degrees (arrow). B, However, the sample angle does not parallel the vessel wall at 60 
degrees. Note central color aliasing in the region of highest velocity (curved arrow).

velocity jets are located in the region of and immediately 
distal to a high-grade stenosis (Fig. 25-15). In cases 
where both gray-scale and color and power Doppler 
images of an entire carotid artery are normal, only rep-
resentative spectral tracings from the CCA, ICA, and 
ECA are necessary to complete the examination.

The standard Doppler spectral examination consists 
of traces obtained from the proximal and distal CCA, 
carotid bulb, and proximal ECA; samples in the proxi-
mal, middle, and distal ICA; and a representative trace 
from the vertebral artery. Normal velocities are higher in 
the proximal CCA and lower in the distal vessel; normal 
ICA velocities tend to increase from proximal to distal. 
In addition, blood flow velocities are obtained immedi-
ately proximal to, at, and just beyond regions of maximal 
visible stenosis and at 1-cm intervals distal to the visual-
ized plaque as far cephalad as possible. Positioning the 
Doppler angle cursor parallel to the vessel walls deter-
mines angle theta, used to convert frequency informa-
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Spectral Broadening

Atheromatous plaque projecting into the arterial lumen 
disturbs the normal, smooth laminar flow of erythro-
cytes. The RBCs move with a wider range of velocities, 
so the spectral line becomes wider, filling in the normally 
black spectral window. This phenomenon, termed spec-
tral broadening increases in proportion to the severity of 
carotid artery stenosis61-63 (Fig. 25-18). Some duplex 
machines allow the operator to measure the spectral 
spread between the maximal and minimal velocities 
(bandwidth) and thus quantitate spectral broadening. 
The validity of these measurements remains unproved, 
however, and further correlative studies are needed to 
document the relationship of quantitative spectral broad-
ening parameters to specific degrees of stenosis.63 Most 
tables no longer include a measurement for spectral 
broadening when grading carotid stenosis. Nevertheless, 
a visible gestalt of the amount of spectral window oblit-
eration, as well as color Doppler heterogeneity, provides 
a useful, if not quantitative, predictor of the severity of 
flow disturbance.

Pitfalls in Interpretation

Pseudospectral broadening can be caused by technical 
factors, such as too high a gain setting. In such cases 
the background around the spectral waveform often 
contains noise. Whenever spectral broadening is sus-
pected, the gain should be lowered to see if the spectral 
window clears. Similarly, spectral broadening caused by 
vessel wall motion can occur when the Doppler sample 
volume is too large or positioned too near the vessel 

A B

FIGURE 25-17. Incorrect Doppler angle theta. Velocity obtained in the internal carotid artery (ICA) with angle theta of 60 
degrees (A) is less accurate than the velocity obtained from the same area of the same ICA with an angle theta of 70 degrees (B).

FIGURE 25-18. High-grade external carotid artery 
(ECA) stenosis. Elevated velocities and visible narrowing. Spec-
tral broadening is present (arrow). Color Doppler spectral broad-
ening is also seen.
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and ICA.64 Flow disturbances also occur at sites where 
there is an abrupt change in the vessel diameter. For 
example, flow disturbances and bizarre waveforms caused 
by flow separation may be encountered in a normal 
carotid bulb where the CCA terminates in a localized 
area of dilation as it divides into the ECA and ICA10 
(Fig. 25-19).

wall. Decreasing the size of the sample volume and 
placing it midstream should eliminate this potential 
pitfall.

Altered flow patterns can normally be found at 
certain sites in the carotid system. For example, it is 
normal to find flow separation at the site of branching 
vessels, such as where the CCA branches into the ECA 

A

C

B

FIGURE 25-19. Disturbed flow pattern is normal at branching of common carotid artery. A, Longitudinal 
image of left carotid bulb shows color flow separation (arrow). B and C, Two examples of disturbed flow patterns in areas of flow separa-
tion between normal carotid bulb and the internal carotid artery (ICA).



962  PART III ■ Small Parts, Carotid Artery, and Peripheral Vessel Sonography

used in the NASCET trials. The NASCET trials com-
pared the severity of the ICA stenosis on arteriogram 
with the residual lumen of a presumably more normal 
distal ICA. The ECST methodology entailed assessment 
of the severity of stenosis with a “guesstimation” of the 
lumen of the carotid artery at the level of the stenosis. 
The ECST assessment is more comparable to ultra-
sound’s visible assessment of the degree of narrowing, 
whereas velocity tables currently in use have been derived 
to correspond to the NASCET angiographic determina-
tions for stenosis. The ECST method for grading carotid 
artery stenosis tends to give a more severe assessment of 
narrowing than the NASCET technique (Fig. 25-21).

The initial NASCET trials retrospectively compared 
velocity data obtained on the Doppler examination with 
angiographic measurements of stenosis. No standardized 
ultrasound protocol was employed by the numerous 
centers involved in the trials. Despite the lack of unifor-
mity, moderate sensitivity and specificity ranging from 
65% to 77% were obtained for grading ICA stenoses 
using Doppler velocities. If ultrasound technique is stan-
dardized and criteria are validated in a given laboratory, 
peak systolic velocity (PSV) and peak systolic ratios 
have proved to be an accurate method for determining 
carotid stenosis.67 The ECST group compared three 
different angiographic measurement techniques: the 
NASCET, the ECST, and a technique comparing distal 
CCA measurements with those of ICA stenosis. Research-
ers concluded that the ECST and NASCET techniques 
were similar in their prognostic value, whereas the CCA/
stenosis measurement was the most reproducible of the 
three techniques. They also concluded that the CCA 
method, although reproducible, would be invalidated by 
the presence of CCA disease.68 Virtually all investigators 
advocate using the NASCET angiographic measurement 
technique.

The results of these trials, as well as the more recent 
ACAS and moderate NASCET studies, have generated 
reappraisals of the Doppler velocity criteria that most 
accurately define 70% or greater stenosis and, more 
recently, greater than 50% diameter stenoses.69 Attempts 
have been made to determine the Doppler parameters  
or combination of parameters that most reliably identify 
a certain-diameter stenosis. Most sources agree that  
the best parameter is the PSV of the ICA in the region 
of a stenosis.66 Using multiple parameters can improve 
diagnostic confidence, particularly when combined with 
color and power Doppler imaging.

The degree of stenosis is best assessed using the gray-
scale and pulsed Doppler parameters, including ICA 
PSV, ICA end diastolic velocity (EDV), CCA PSV, 
CCA EDV, peak systolic ICA/CCA ratio (SVR), and 
peak end diastolic ICA/CCA ratio (EDR).66,67,70 Peak 
systolic velocity has proved accurate for quantifying 
high-grade stenoses.57,67 The relationship of PSV to the 
degree of luminal narrowing is well defined and easily 
measured.71,72 Although Doppler velocities have proved 

The tendency for spectral broadening increases in 
direct proportion to the velocity of blood flow. For 
example, spectral broadening can be observed in a 
normal ECA, vertebral arteries, and CCA supplying cir-
culation contralateral to an occluded contralateral ICA. 
Increased velocity may also account for the disturbed 
flow that is sometimes observed in the normal extracra-
nial carotid arteries of young athletes with normal cardiac 
outputs or in patients in pathologically high cardiac 
output states. It is also seen in arteries supplying arte-
riovenous fistulas and malformations.10,65 Postopera-
tive spectral broadening may persist for months after 
CEA in the absence of significant residual or recurrent 
disease, possibly from changes in wall compliance.

Tortuous carotid vessels can demonstrate spectral 
broadening and asymmetrical high-velocity flow jets in 
the absence of plaque disease. Other nonatheromatous 
causes of disturbed blood flow in the extracranial carotid 
arteries include aneurysms, arterial wall dissections, 
and fibromuscular dysplasia.

High-Velocity Blood Flow Patterns

Carotid stenoses usually begin to cause velocity changes 
when they exceed 50% diameter (70% cross-sectional 
area)1 (Fig. 25-20, A-C ). Velocity elevations generally 
increase as the severity of the stenosis increases. At criti-
cal stenoses (>95%), the velocity measurements may 
actually decrease, and the waveform becomes damp-
ened58,66 (Fig. 25-20, D and E ).

In these cases, correlation with color or power Doppler 
imaging is essential to diagnose correctly the severity of 
the stenoses. Velocity increases are focal and most pro-
nounced in and immediately distal to a stenosis, empha-
sizing the importance of sampling directly in these 
regions. As one moves further distal from a stenosis, flow 
begins to reconstitute and assume a more normal pattern, 
provided a tandem lesion does not exist distal to the 
initial site of stenosis. Spectral broadening results in the 
jets of high-velocity flow associated with carotid stenosis; 
however, correlation with gray-scale and color Doppler 
images can define other causes of spectral broadening. 
An awareness of normal flow spectra combined with 
appropriate Doppler techniques can obviate many 
potential diagnostic pitfalls.

The degree of carotid stenosis that is considered clini-
cally significant in the symptomatic or asymptomatic 
patient is in evolution. Initially, it was thought that 
lesions causing 50% diameter stenosis were significant; 
this perception changed as more information was gath-
ered from two large clinical trials. As noted earlier, 
NASCET demonstrated that CEA was more beneficial 
than medical therapy in symptomatic patients with  
70% to 99% ICA stenosis.4 ECST demonstrated a CEA 
benefit when the degree of stenosis was greater than 
60%.5 Interestingly, the method used to grade stenoses 
in the ECST study was significantly different than that 
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FIGURE 25-20. Internal carotid artery (ICA) ste-
nosis. A, ICA stenosis of 50% to 69% diameter shows a peak 
systolic velocity (PSV) of 129 cm/sec. B, Right ICA demon-
strates a visible high-grade stenosis on color Doppler with end 
diastolic velocities (EDVs) of greater than 288 cm/sec and PSVs 
that alias at greater than 400 cm/sec. This is consistent with a 
very high-grade stenosis. C, Left carotid bulb seen in longitudi-
nal projection with color Doppler demonstrates a high-grade 
narrowing and spectral broadening with an approximately 
400 cm/sec velocity in peak systole and 150 cm/sec in end 
diastole, consistent with an 80% to 95% stenosis. D, Velocity 
obtained in the ICA demonstrates low velocities. The PSV is 
78 cm/sec, EDV is 22 cm/sec, systolic velocity ratio is 1.7, and 
diastolic velocity ratio is 2.8. E, The color-flow Doppler image 
demonstrates a markedly narrowed vessel. The degree of stenosis 
correlates with 95% to 99%.
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the “percent diameter stenosis” in a manner similar to 
that used in peripheral artery studies. A doubling of the 
PSV across a lesion would correspond to at least a 50% 
diameter stenosis, and a velocity ratio in excess of 3.5 
corresponds to a greater than 75% stenosis. Although 
duplex ultrasound remains an accurate method of quan-
tifying ICA stenoses, the use of color and power Doppler 
sonography has significantly improved diagnostic confi-
dence and reproducibility.73

One persistent problem with duplex Doppler with 
gray-scale ultrasound evaluation of the carotids is that 
different institutions use PSVs ranging from 130 cm/
sec74 to 325 cm/sec69 to diagnose greater than 70% ICA 
stenosis. Factors creating these discrepancies include 
technique and equipment.75 This wide range of PSVs 
reinforces the need for individual ultrasound laborato-
ries to determine which Doppler parameters are most 
reliable in their own institution.75 Correlation of the 
velocity ranges obtained by ultrasound with angiographic 
and surgical results is necessary to achieve accurate, 
reproducible examinations in a particular ultrasound 
laboratory.76

The Society of Radiologists in Ultrasound, represent-
ing multiple medical and surgical specialties, held a con-
sensus conference in 2002 to consider carotid Doppler 
ultrasound.77 In addition to guidelines for performing 
and interpreting carotid ultrasound examinations, panel-
ists devised a set of criteria widely applicable among 
vascular laboratories (Table 25-1).77 Although the con-
ference did not recommend all established laboratories 
with internally validated velocity charts alter their prac-
tices, they suggested physicians establishing new labora-
tories consider using the consensus criteria; those with 
preexisting charts might consider comparing in-house 
criteria with those provided by the consensus conference. 
Velocity criteria corresponding to specific degrees of vas-
cular stenosis are listed in the tables. Our institution uses 
Table 25-2, which has a category for 80% to 95% ste-
noses; our surgeons are more inclined to consider surgery 
for patients with asymptomatic stenoses greater than 
80% than for those with less severe stenoses.30,78

The ICA values should be obtained at or just distal to 
the point of maximum visible stenosis and at the point 
of greatest color Doppler spectral abnormality. Values 
from the CCA should be obtained 2 cm proximal to the 
widening in the region of the carotid bulb. Because 
velocities normally decrease from proximal to distal in 
the CCA and increase from proximal to distal in the 
ICA, it is important that standardized levels be used 
routinely for obtaining the ICA/CCA velocity ratio.

Color Doppler Ultrasound

Color Doppler ultrasound displays blood flow informa-
tion in real time over the entire image or a selected area. 
Stationary soft tissue structures, which lack a detectable 
phase or frequency shift, are assigned an amplitude value 

reliable for defining 70% or greater stenosis, Grant 
et al.67 showed less favorable results for substenosis clas-
sification between 50% and 69% using PSV and ICA/
CCA PSV ratios. In our experience, however, using all 
four parameters and determining a correct category for 
the degree of stenosis is the most efficacious way to 
ensure accuracy. Agreement for all four parameters for  
a clinical situation is most common. When there is  
an outlying parameter, further assessment and careful 
attention to technique and detail are required. EDV and 
EDR are particularly useful in distinguishing between 
high grades of stenosis. Additionally, correlating the 
visual estimation of the degree of stenosis and the veloc-
ity numbers will help in correctly grading stenosis,  
particularly when the degree of stenosis is “near  
occlusion” (Figs. 25-22 and 25-23; see also Fig. 25-20, 
D and E). On rare occasions, alternate imaging method-
ologies (e.g., MRA, CT angiography) may need to be 
recommended.

No criteria for grading external carotid artery steno-
ses have been established. A good general rule is that if 
the ECA velocities do not exceed 200 cm/sec, no signifi-
cant stenosis is present. However, we usually rely on a 
visible assessment of the degree of narrowing associated 
with velocity changes. Occlusive plaque involving the 
ECA is less common than in the ICA and is rarely clini-
cally significant. Similarly, velocity criteria used to grade 
common carotid artery stenoses have not been well 
established. However, if one is able to visualize 2 cm 
proximal and 2 cm distal to a visible CCA stenosis, a 
PSV ratio obtained 2 cm proximal to the stenosis (vs. in 
region of greatest visible stenosis) can be used to grade 
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FIGURE 25-21. Comparative measurement meth-
odology. Different methodologies for grading internal carotid 
artery stenoses, from North American Symptomatic Carotid End-
arterectomy Trial (NASCET), Asymptomatic Carotid Atheroscle-
rosis Study (ACAS), and European Carotid Surgery Trial (ECST).
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FIGURE 25-22. Abnormal high-resistance waveforms. High-resistance waveforms: A, common carotid artery; B, proximal 
internal carotid artery (ICA); and D, distal ICA. Color flow Doppler imaging of the carotid bulb in transverse (D) and sagittal (E) projec-
tions demonstrates a significantly narrowed ICA. These findings are consistent with a greater than 95% stenosis of the ICA and a distal 
tandem stenosis of the intracranial carotid artery.
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FIGURE 25-23. Near occlusion (95-99% stenosis) with homogeneous plaque. A, Transverse, and B, sagittal, gray-
scale images of the left internal carotid artery (ICA) demonstrate homogeneous (type 3) plaque. C, Transverse, and D, sagittal, power 
Doppler images demonstrate extremely narrowed residual lumen. E, Velocity measurements for the ICA were peak systolic velocity, 51 cm/
sec; acoustic Doppler velocity, 19 cm/sec; systolic velocity ratio, 51/64 = 0.8; diastolic velocity ratio, 19/12 = 1.5. The combination of 
visual images and Doppler spectral analysis findings indicate a 95% to 99% stenosis.
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TABLE 25-1. DIAGNOSTIC CRITERIA FOR CAROTID ULTRASOUND EXAMINATIONS

ICA PSV PLAQUE ICA/CCA PSV RATIO ICA EDV

Normal <125 cm/sec None <2.0 <40 cm/sec
<50% <125 cm/sec <50% diameter reduction <2.0 <40 cm/sec
50%-69% 125-230 cm/sec ≥50% diameter reduction 2.0-4.0 40-100 cm/sec
≥70% to near occlusion >230 cm/sec ≥50% diameter reduction >4.0 >100 cm/sec
Near occlusion May be low or undetectable Visible Variable Variable
Total occlusion Undetectable Visible, no detectable lumen Not applicable Not applicable

ICA, Internal carotid artery; PSV, peak systolic velocity; CCA, common carotid artery; EDV, end diastolic velocity.
From Society of Radiologists in Ultrasound. Consensus Conference on Carotid Ultrasound. October 2002, San Francisco. Radiology 229:340-346, 2003.

TABLE 25-2. ALTERNATIVE DIAGNOSTIC CRITERIA FOR ESTIMATING CAROTID  
ARTERY DISEASE

DIAMETER  
STENOSIS

PEAK SYSTOLIC 
VELOCITY (cm/sec)

PEAK DIASTOLIC 
VELOCITY (cm/sec)

SYSTOLIC VELOCITY 
RATIO (VICA/VCCA)

DIASTOLIC VELOCITY 
RATIO (VICA/VCCA)

0% (normal) <110 <40 <2.0 <2.6
1%-39% (mild) <110 <40 <2.0 <2.6
40%-59% (moderate) <170 <40 <2.0 <2.6
60%-79% (severe) >170 >40 >2.0 >2.6
80%-95% (critical) >250 >100 >3.7 >5.5
96%-99% Velocities demonstrate 

variability and may be low.
100% (occlusion) No flow detected.

Based on the European Carotid Surgery Trial’s methodology of measuring residual lumen to outer vessel margin. Radiographics 8:487-506, 1988; J Vasc Surg 22:697-703, 
1995.

and displayed in a gray-scale format with flowing blood 
in vessels superimposed in color. The mean Doppler 
frequency shift produced by RBC ensembles pulsing 
through a selected sample volume is obtained using an 
autocorrelative method or a time domain processing 
(speckle motion analysis) method. Color assignments 
depend on the direction of blood flow relative to the 
Doppler transducer. Blood flow toward the transducer 
appears in one color and flow away from the transducer 
in another. These color assignments are arbitrary and are 
generally set up so that arterial flow is depicted as red 
and venous flow as blue. Color saturation displays indi-
cate the variable velocity of blood flow. Deeper shades 
usually indicate low velocities centered around the zero-
velocity color flow baseline. As velocity increases, the 
shades become lighter or are assigned a different color 
hue. Some systems allow selected frequency shifts to be 
displayed in a contrasting color, such as green. This 
green-tag feature provides a real-time estimation of the 
presence of high-velocity flow.

Setting the color Doppler scale can also be used to 
create an aliasing artifact corresponding to the highest-
velocity flow within a vessel (see Figs. 25-16, B; 25-18; 

and 25-21). These high-velocity jets pinpoint areas for 
spectral analysis. Color assignments are a function of 
both the mean frequency shift produced by moving RBC 
ensembles and the Doppler angle theta. If the vessel is 
tortuous or diving, angle theta between the transducer 
and vessel will change along the course of the vessel, 
resulting in changing color assignments that are unre-
lated to the change in RBC velocity. The color assign-
ments will reverse in tortuous vessels as their course 
changes relative to the Doppler transducer, even though 
the absolute direction of flow is unchanged. Portions of 
a vessel that parallel the Doppler beam when angle 
theta is 90 degrees will have little or no frequency shift 
detected, and no color will be seen.

Optimal Settings for Low-Flow  
Vessel Evaluation

Color Doppler flow studies should be performed with 
optimal flow sensitivity and gain settings. Color flow 
should fill the entire vessel lumen but not spill over into 
adjacent soft tissues. The pulse repetition frequency 
(PRF) and frame rates should be set to allow visualiza-
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speckles of color in the adjacent soft tissues, more promi-
nent during systole79 (Fig. 25-24).

Comparisons of color Doppler ultrasound with  
conventional duplex Doppler sampling techniques and 
angiography have shown relatively similar accuracy, sen-
sitivity, and specificity.80 However, color Doppler offers 
many benefits, including a reduction in examination 
time by pinpointing areas of color Doppler abnormality 
for pulsed Doppler spectral analysis. Branches of the 
ECA are readily detected, facilitating differentiation 
from the ICA. The real-time flow information over a 
large cross-sectional area provides a global overview of 
flow abnormalities and allows ready determination of the 
course of a vessel. Further, color Doppler improves diag-
nostic confidence and reproducibility of ultrasound 
studies, thereby avoiding many potential diagnostic 
pitfalls.

The laminar blood flow is disrupted in the region of 
the carotid bifurcation where there is a normal transient 
flow reversal opposite the origin of the ECA (see Fig. 
25-19). Color Doppler displays this normal flow separa-
tion as an area of flow reversal located along the outer 
wall of the carotid bulb, which appears either at early 
systole or in peak systole and persists for a variable period 
into the diastolic part of the cardiac cycle.81,82 This flow 
reversal can produce some strikingly bizarre pulsed 
Doppler waveforms; however, the color Doppler appear-
ance readily discerns the nature of these waveform 
changes. Furthermore, the absence of this flow reversal 
may be abnormal and may represent one of the earliest 
changes of atherosclerotic disease.81 The flow reversal 
seen in the region of the carotid bifurcation is clearly 

tion of flow phenomenon anticipated in a vessel. Frame 
rates will vary as a function of the width of the area 
chosen for color Doppler display and for depth of the 
region of interest. The greater the color image area, the 
slower the frame rate will be. The deeper the posterior 
boundary of the color image, the slower the PRF will be. 
Color Doppler sensitivity should be adjusted to detect 
anticipated velocities, such that if slow flow in a preoc-
clusive carotid lesion is sought, low-flow settings with 
decreased sampling rates are employed. However, the 
system will then alias at lower velocities because of the 
decrease in PRF. In addition to changes in the PRF, 
optimization of the Doppler angle, increases in gain and 
power settings, decrease in the wall filter, increase in 
persistence, and increase in ensemble or dwell time can 
be used to optimize low-flow detection.

Flowing blood becomes, in effect, its own contrast 
medium, with color or power Doppler outlining the 
patent vessel lumen. This allows determination of  
the true course of the vessel, facilitating positioning of 
the Doppler cursor and thus providing more reliable 
velocity determinations. Furthermore, color Doppler 
facilitates Doppler spectral analysis by rapidly identify-
ing areas of flow abnormalities. The highest velocities in 
the region of and immediately distal to a stenosis are seen 
as aliasing high-velocity jets of color. Color Doppler 
ultrasound facilitates placing the pulsed Doppler range 
gate in the region of these most striking color abnormali-
ties for pulsed Doppler spectral analysis. The presence of 
a stenosis can be determined by color Doppler changes 
in the vessel lumen as well as by visible luminal narrow-
ing. Although color Doppler can be used to determine 
the presence of hypoechoic plaque, it cannot be used 
optimally to determine the area of patent lumen in trans-
verse projection because the optimal angle for measuring 
the area or diameter of narrowing is at 90 degrees to the 
long axis of the vessel, which is the worst angle for color 
Doppler imaging. Gray-scale assessment, power Doppler, 
or B-flow imaging should be used to assess the diameter/
area of the patent carotid lumen (see Fig. 25-12). If a 
stenosis produces a bruit or thrill, the resultant perivas-
cular tissue vibrations may actually be seen as transient 

FIGURE 25-24. Color Doppler bruit. Extensive soft-
tissue color Doppler bruit (arrows) surrounds the right carotid 
bifurcation with a 90% right internal carotid artery (ICA) 
stenosis.

OPTIMIZATION OF COLOR DOPPLER 
LOW-FLOW VESSEL EVALUATION

• Use low pulse repetition frequency.
• Use Doppler angle of less than 60 degrees.
• Increase gain setting.
• Increase power setting.
• Decrease wall filter.
• Increase persistence.
• Increase dwell time.
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different than that seen with color Doppler aliasing. 
Contiguous saturated areas of red and blue are seen in 
this low-velocity flow separation, versus the very differ-
ent contiguous color hues representing the highest color 
assignments for forward and reversed flow.

Helical flow in the CCA may be an indirect indica-
tion of proximal arterial stenosis but can occur as a 
normal variant. Color Doppler sonography graphically 
displays the eccentric spiraling of flow up the CCA.

Advantages and Pitfalls

Color Doppler ultrasound may help avoid potential 
diagnostic pitfalls. Alterations in cardiovascular physiol-
ogy, tandem lesions, contralateral carotid disease, 
arrhythmias, postoperative changes, and tortuous vessels 
can lead to underestimation or overestimation of the 
degree of stenosis. In such cases, color Doppler ultra-
sound can provide direct visualization of the patent 
lumen in a fashion analogous to angiography.83 In fact, 
because angiography images only the vessel lumen and 
not the vessel wall, color Doppler and power Doppler 
ultrasound imaging have the potential to evaluate steno-
ses even more completely than angiography. Because 
flow patterns are displayed with color Doppler imaging, 
the local hemodynamic consequences of the lesion are 
readily discerned. Color and power Doppler ultrasound 
appear to have particular value in detecting small residual 
channels of flow in areas of high-grade carotid steno-
ses79,80,83-85 (Fig. 25-25). Power Doppler ultrasound 
offers a comparable advantage and has the theoretical 
potential to be more sensitive for detecting extremely 
low-amplitude, low-velocity flow. Finally, color Doppler 
and power Doppler ultrasound have the potential to 
clarify image Doppler mismatches, further improving 
diagnostic accuracy and confidence.

Although color Doppler ultrasound offers many 
advantages, it is angle dependent and prone to artifacts, 

FIGURE 25-25. High-grade “string sign” stenosis 
of internal carotid artery. Tardus-parvus waveform with 
low velocity in a long segment.

COLOR DOPPLER EVOLUTION OF 
CAROTID STENOSIS

ADVANTAGES
Reduction in examination time.
Quick identification of areas of stenosis/high 

velocity, which facilitates spectral analysis to 
artifacts.

Improved diagnostic reproducibility and 
confidence.

Distinguishes occlusion from “string sign.”
Simultaneous hemodynamic and anatomic 

information, velocity, and directional blood flow 
information.

Improved accuracy in quantitating stenoses.
Clarifies pulsed Doppler/image mismatch.

DISADVANTAGES
Prone to angle dependence.
Resolution less than with gray scale.
Less Doppler spectral than pulsed Doppler.
Slower–frame rates information.
Use cannot characterize plaque.

such as aliasing. The spatial resolution of color Doppler 
ultrasound is less than that of gray-scale imaging, and 
the Doppler resolution is inferior to pulsed Doppler 
spectral analysis. Color saturation cannot be equated 
with velocity.75 The color image is corrected for only one 
angle, so changes in color saturation may simply reflect 
changes in the vessel course and the relative Doppler 
angle. Color systems generally compute the mean veloc-
ity to produce the color pixel in the image. However,  
the examiner is usually interested in determining the 
maximum velocity; therefore pulsed Doppler spectral 
analysis remains necessary for precise quantification of a 
hemodynamically significant stenosis.

Power Doppler Ultrasound

The color signal in power Doppler ultrasound is gener-
ated from the integrated power Doppler spectrum. The 
amplitude of the reflected echoes determines the bright-
ness and color tone of the color signal. This amplitude 
depends on the density of RBCs flowing within the 
sample volume. Power Doppler ultrasound uses a larger 
dynamic range with a better signal-to-noise (S/N) ratio 
than color Doppler ultrasound. Because power Doppler 
ultrasound does not evaluate frequencies but rather 
amplitude (or power), artifacts such as aliasing do not 
occur. Power Doppler sonography, unlike color Doppler 
ultrasound, is largely angle independent. These features 
combine to make power Doppler ultrasound exquisitely 
sensitive to detecting a residual string of flow in the 
region of a suspected carotid occlusion.84

It is also hypothesized that power Doppler ultrasound 
has better edge definition than color Doppler ultra-
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measurements91,92. For example, velocities produced by 
a stenosis in a hypertensive patient may be higher than 
those in a normotensive individual with comparable nar-
rowing, especially in the setting of a wide-pulsed pres-
sure. On the other hand, a reduction in cardiac output 
will diminish both systolic and diastolic velocities (Fig. 
25-26). Cardiac arrhythmias, aortic valvular lesions, 
and severe cardiomyopathies can cause significant aber-
rations in the shape of carotid flow waveforms and alter 
systolic and diastolic velocity readings (Fig. 25-27). Use 
of an aortic balloon pump can also distort the Doppler 
velocity spectrum (Fig. 25-28). These alterations can 
invalidate the use of standard Doppler parameters to 
quantify stenoses. Bradycardia, for example, produces 
increased stroke volume, causing systolic velocities to 
increase, whereas prolonged diastolic runoff causes 
spuriously decreased end diastolic values. Patients with 
isolated severe or critical aortic stenosis may demon-
strate duplex waveform abnormalities, including pro-
longed acceleration time, decreased peak velocity, delayed 
upstroke, and rounded waveforms.93 However, mild or 
moderate aortic stenosis usually results in little or no 
sonographic abnormality. Tortuous or kinked carotid 
arteries represent either congenital or acquired changes 
in the carotid artery. The clinical significance of these is 
debatable; however, the vascular tortuosity frequently 
results in eccentric jets of high-velocity flow, which may 
show elevated velocities in the absence of significant 
stenosis94 (Fig. 25-29). Conversely, if the carotid bulb is 
capacious, a large plaque burden may still fail to produce 
anticipated velocity increases. The relative difference in 
area between the distal CCA and the residual patent 
lumen of the large bulb is not sufficient to produce a 
greater than 50% velocity change. Some refer to this as 
nonstenotic (homogeneous) plaque (Fig. 25-30). Fre-
quently, an image/Doppler mismatch alerts the exam-
iner to potential pitfalls.

Color Doppler can be used to overcome diagnostic 
dilemmas in these situations, particularly when “cine 

sound. The combination of improved edge definition 
and relative angle-independent flow imaging offers the 
potential for better visual assessment of the degree of 
stenosis using power Doppler.86 Better edge definition 
may also allow power Doppler ultrasound to define 
plaque surface characteristics more clearly87 (see Fig. 
25-10, B).

Despite the many potential benefits of power Doppler 
ultrasound, it does not provide velocity or directional 
flow information.88 Also, power Doppler is very motion 
sensitive, which may result in a pseudostring of flow. If 
the vibrations of soft tissue at an echogenic interface 
exceed the clutter filter level, color information may be 
displayed in areas where there is no blood flow. Pulsed 
Doppler evaluation of a color or power string should 
always be performed to confirm the presence of real flow.

Power Doppler screening may produce an accurate 
and cost-effective method for patients at risk for carotid 
disease.89,90 Power Doppler imaging used independent of 
spectral analysis was effectively performed in 89 of 100 
patients. The sensitivity for the detection of 40% or 
greater stenoses using power Doppler was 91%, with 
79% specificity. This would be reasonable for a screening 
test, allowing patients with greater than 40% stenoses to 
undergo more expensive spectral analysis. Some believe 
that using this less expensive power Doppler screening 
could result in a more cost-effective approach to carotid 
Doppler screening. In addition, carotid power Doppler 
imaging, as well as carotid B-flow imaging, is ideally 
suited to combined use with vascular contrast agents that 
may be widely available in the future.

Pitfalls and Adjustments

Although absolute velocity determinations are valuable 
in assessing the degree of vascular stenosis, these mea-
surements are less reliable in certain patients.1 Variations 
in cardiovascular physiology may affect carotid velocity 

POWER DOPPLER EVALUATION OF 
CAROTID STENOSIS

ADVANTAGES
No aliasing.
Potentially increases accuracy of grading stenoses.
Aids in distinguishing preocclusive from occlusive 

lesions.
Potentially superior depiction of plaque surface 

morphology.
Increased sensitivity to detecting low-velocity, 

low-amplitude blood flow.
Angle independent.

DISADVANTAGES
Does not provide direction or velocity flow 

information.
Very motion sensitive (poor temporal resolution).

CAUSES OF IMAGE/ 
DOPPLER MISMATCH

Cardiac arrhythmia
Cardiac valvular disease; cardiomyopathy
Severe aortic stenosis
Hypotension or hypertension
Tandem lesions
Contralateral carotid stenosis
Nonstenotic plaque
Long-segment, concentric high-grade stenosis
Carotid dissection
Preocclusive lesion
Tortuous vessels
Calcified plaque; hypoechoic or anechoic plaque
Anatomic variants
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contralateral vessel. For example, severe unilateral ICA 
stenosis or occlusion may cause shunting of increased 
flow through the contralateral carotid system. This 
increased flow artificially increases velocity measure-
ments in the contralateral vessel, particularly in areas of 
stenosis.94-97 Conversely, a proximal common carotid or 

loop” playback capabilities are present. Cine loop allows 
the computer to store up to 10 seconds of the previous 
color Doppler flow recording for playback at the real-
time rate or frame by frame. This allows the clinician to 
assess the filling of all parts of the vessel lumen. Obstruc-
tive lesions in one carotid can affect velocities in the 

A
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B

FIGURE 25-26. Value of internal carotid artery/common carotid artery (ICA/CCA) ratio. A, Increased velocity 
ICA and CCA in a patient with hypertension. ICA peak systolic velocity (PSV) is 166 cm/sec; end diastolic velocity (EDV) is 79 cm/sec. 
CCA velocities: PSV = 96 cm/sec; EDV = 36 cm/sec. ICA/CCA systolic velocity ratio (SVR) is 1.7, and diastolic velocity ratio (DVR) is 
2.2, corresponding to a degree of stenosis less than 50%. B, Low velocities in left ICA: PSV = 67 cm/sec, EDV = 23 cm/sec. C, In left 
CCA, PSV = 23 cm/sec; EDV = 8 cm/sec. SVR is 2.9, and DVR is 2.9, corresponding to a 50% to 69% stenosis in patient with 
cardiomyopathy.
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innominate artery stenosis may reduce flow, with conse-
quent reduction of velocity measurements in a stenosis 
that is distal to the point of obstruction (tandem lesion) 
(see Fig. 25-22).

Velocity ratios that compare velocity values in the ICA 
to those in the ipsilateral CCA can help avoid some 
pitfalls.58 Of particular value are the peak systolic ratio 
(PSV in ICA vs. PSV in CCA)63,98 and the end diastolic 
ratio (ICA/CCA EDV).70 Grant et al. have shown that 
PSV ICA/CCA ratios are comparable in accuracy to PSV 
values for determining the degree of ICA stenosis.67 
Although the peak systolic velocity and peak systolic 
ICA/CCA velocity ratio have shown relative comparable 
sensitivities and specificities, at times the velocity ratio 
will more correctly identify the degree of stenosis and 
the absolute velocity. Velocity ratios should always be 
employed when unusually high or low CCA velocities  
or significant asymmetry of CCA velocities is detected. 
Long-segment, high-grade stenoses frequently will not 
demonstrate the anticipated degree of ICA velocity ele-
vation. In such situations, the velocity ratio coupled  

A
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FIGURE 25-27. Abnormal Doppler waveforms caused 
by heart disease. A, Patient with aortic valvular disease and atrial 
fibrillation shows irregular pulsed Doppler rhythm with varying 
velocities and a delayed upstroke consistent with aortic stenosis.  
B, Pulsed Doppler waveforms in a patient with an 80% to 99% 
internal carotid artery (ICA) stenosis and combined aortic stenosis/
insufficiency show a striking disparity in peak-systolic and end dia-
stolic velocities due to severe aortic insufficiency. C, Doppler wave-
form from common carotid artery (CCA) in patient with aortic valve 
insufficiency. Note reversal of flow in diastole.

FIGURE 25-28. Abnormal Doppler waveform 
caused by aortic balloon pump. Internal carotid artery 
(ICA) pulsed Doppler trace shows the effect of an aortic balloon 
pump on carotid waveforms. Inflation of the device in systole 
(arrow) produces a second systolic peak, whereas deflation pro-
duces flow reversal (arrowhead) in end diastole.
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A B

FIGURE 25-29. Abnormal Doppler flow caused by tortuous vessel. A, Tortuous common carotid artery (CCA) displays 
color Doppler eccentric jets of flow (arrow). B, Spuriously elevated velocity is caused by an eccentric jet in a tortuous proximal left CCA 
without any visible stenosis.

A

C

B

FIGURE 25-30. Homogeneous plaque less than 50% 
stenosis. A, Transverse gray-scale image of the right carotid bulb 
shows a moderate narrowing with homogeneous plaque. B, Color 
Doppler flow imaging shows a moderate stenosis. C, On Doppler 
spectral analysis, there is no corresponding increase in systolic velocity 
in the area of narrowing (88.7 cm/sec). This stenosis is less than 50% 
in patient with capacious carotid bulb.
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Another source of error in pulsed Doppler ultrasound 
analysis is aliasing, which is caused by the inability to 
detect the true peak velocity because the Doppler sam-
pling rate, the PRF, is too low. A classic visual example 
of aliasing can be seen in Western films, with the appar-
ent reversal of stagecoach wheel spokes when the wagon 
wheel rotations exceed the film frame rate. The maximal 
detectable frequency shift can be no greater than half the 
PRF. With aliasing, the tips of the time velocity spec-
trum (representing high velocities) are cut off and wrap 
around to appear below the baseline (Fig. 25-32). If 
aliasing occurs, continuous wave probes used in con-
junction with duplex pulsed Doppler can readily dem-
onstrate the true peak velocity shift. Aliasing can also be 
overcome or decreased by increasing the angle theta 
(the angle of Doppler insonation), thereby reducing the 
detected Doppler shift, or by decreasing the insonating 
sound beam frequency. Increasing the PRF increases 
the detectable frequency shift, but the PRF increase is 
limited by the depth of the vessel as well as the center 
frequency of the transducer.30,60 One can also shift the 
zero baseline and reassign a larger range of velocities to 
forward flow to overcome aliasing. It is also valid to add 
velocity values above and below the baseline to obtain 
an accurate velocity value, provided that multiple wrap-
arounds do not occur, as seen in extremely high veloci-
ties. Aliasing may sometimes be useful in color Doppler 
image interpretation, where color-flow Doppler aliasing 
can accent the severity of flow disturbances as well as 
define the patent lumen.

Internal Carotid Artery Occlusion

Distinguishing between a string sign and a totally 
occluded carotid artery has major clinical significance. 

FIGURE 25-31. Abnormal common carotid artery 
velocity caused by innominate artery stenosis. 
Low, right CCA velocities with a presteal waveform distal to a 
severe innominate artery stenosis.

FIGURE 25-32. Aliasing of Doppler waveform in the region 
of a high-grade (80%-95%) stenosis; ICA, internal carotid artery. 
Highest velocities are wrapped around (arrow) and displayed 
below the zero-velocity baseline.

with the gray-scale/color/power Doppler appearance 
may provide insight into the actual degree of narrowing. 
As discussed for spectral broadening, color and power 
Doppler sonography are invaluable in the avoidance of 
pitfalls related to spurious Doppler spectral traces.

Although high-grade stenoses usually produce 
increased velocity in the region of a plaque and distal  
to it, high-grade intracranial or extracranial occlusive 
lesions in tandem may reduce anticipated velocity 
shifts and produce an atypical high-resistance ICA wave-
form (see Fig. 25-22). Vessels should be examined as far 
cephalad as possible to avoid missing a distal tandem 
lesion. Flow immediately distal to stenosis of greater 
than 95% frequently demonstrates very-low-velocity 
tardus-parvus waveforms, versus the anticipated high 
velocities seen in a high-grade stenosis (see Fig. 25-25). 
High-grade vascular narrowings, particularly those of 
a circumferential nature that occur over a long segment 
of a vessel, may also produce damped waveforms without 
a high-velocity frequency shift. Although no definite 
velocity elevations are present in such a long, circumfer-
ential narrowing, spectral broadening and disturbed flow 
distal to such a narrowing are usually apparent. In addi-
tion, the fusiform narrowings are usually detected with 
the real-time image, particularly if color Doppler is 
employed. Innominate artery occlusions may result in 
tardus-parvus waveforms and even carotid steal patterns 
similar to those noted in the vertebral artery (Fig. 25-31).
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Grubb et al.99 showed that untreated preocclusive lesions 
carry about a 5% per year risk for stroke. Thus, inter-
vention in this patient population is particularly 
important.

Carotid occlusion is diagnosed when no flow is 
detected in a vessel. Occasionally, transmitted pulsations 
into an occluded ICA may mimic abnormal flow in a 
patent vessel. The pulsed Doppler cursor should be 
clearly located in the ICA lumen, and arterial pulsatile 
flow should be identified. Close attention should be paid 
to the direction of flow and the nature of pulsations. 
True center-stream sampling should be documented 
by transverse scanning, and the sample volume reduced 
in size as much as possible. Extraneous pulsations should 
seldom be transmitted to the center of the thrombus.61

As a high-grade stenosis approaches occlusion, the 
high-velocity jet is reduced to a mere trickle. It may be 
difficult to locate the small residual string of flow within 
a largely occluded lumen using gray-scale imaging alone, 
particularly if the adjacent plaque or thrombus is 
anechoic, making the residual lumen invisible during 
real-time examination, or if calcified plaque obscures 
visualization. In critical high-grade stenoses (>95%), 

standard-sensitivity color Doppler settings may fail to 
demonstrate a string of residual flow. Thus, it is always 
prudent to employ the slow-flow sensitivity settings on 
color Doppler to discriminate between critical stenoses 
and occlusions.80,83 Alternatively, power Doppler ultra-
sound (with its increased sensitivity to detecting low-
amplitude, slow-velocity signals) may be used to visualize 
a residual string of blood flow (Fig. 25-33). Color 
Doppler is 95% to 98% accurate in distinguishing high-
grade stenosis from complete occlusion on angiography 
when appropriate technical parameters are employed.100-102

The presence of a high-grade ICA stenosis or occlu-
sion can often be inferred from inspection of the ipsilat-
eral CCA on a pulsed Doppler waveform or color/power 
Doppler image (see Fig. 25-31). The pulsed Doppler 
waveforms in the ipsilateral CCA and ICA proximal to 
a lesion frequently demonstrate an asymmetrical, high-
resistance signal with decreased, absent, or reversed dia-
stolic flow, except when there are ECA collaterals to the 
intracranial circulation (Fig. 25-34). The main intra-
cranial/extracranial collateral pathway exists between the 
orbital and ophthalmic arteries. Other collateral path-
ways include the occipital branch of the ECA to the 
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FIGURE 25-33. Near occlusion and total occlusion of internal carotid artery. A, Preocclusive trickle of flow in a 
left ICA. B, Hypoechoic heterogenous plaque completely occluding the lumen of the ICA. In this color Doppler image, no flow is dem-
onstrated in the ICA. C, Color Doppler image shows an absence of flow in patient with ICA occlusion.
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A B

FIGURE 25-34. Internal carotid artery occlusion. A, Complete left ICA occlusion shows a spiked waveform consistent with 
an occlusion. B, Proximal left external carotid artery (ECA) trace shows a low-resistance waveform consistent with collaterals to intracranial 
circulation, as well as increased velocity caused by a stenosis; TAP, temporal artery tap.

INTERNAL CAROTID ARTERY 
OCCLUSION: SONOGRAPHIC FINDINGS

“Internalization” of ipsilateral external carotid artery 
waveform.

Absence of flow in internal carotid artery (ICA) by 
color Doppler, power Doppler, or pulsed Doppler 
ultrasound.

Reversal of flow in segment of ICA or common 
carotid artery (CCA) proximal to occluded 
segment.

Thrombus or plaque completely fills lumen of ICA 
on gray-scale, color Doppler, or power Doppler 
images.

Dampened high-resistance waveform in ipsilateral 
CCA or proximal ICA.

Contralateral CCA may demonstrate significantly 
higher velocities than ipsilateral CCA.

vertebral artery and cervical branches off the arch with 
the vertebral artery. Similarly, color or power Doppler 
images may show a flash of color flow in systole but a 
conspicuous decrease or absence of color flow in diastole, 
which is asymmetrical compared to the contralateral 
side. The diagnosis of carotid occlusion versus a string 
sign is made more accurately with color and power 
Doppler than with gray-scale duplex scanning and may 
obviate the need for angiography to confirm a sono-
graphically diagnosed ICA occlusion.100,101

Another pitfall in the diagnosis of a totally occluded 
ICA is mistaking a patent ECA (or one of its branches) 

for the ICA. The situation is especially confusing when 
the ECA/ICA collaterals open in response to long-stand-
ing ICA disease and the ECA acquires a low-resistance 
waveform (internalization) (Fig. 25-35). One technique 
that can aid in identifying the ECA is scanning at the 
origin of the vessel while simultaneously tapping the 
temporal artery. Percussion of the superficial temporal 
artery often results in a serrated distortion of the Doppler 
waveform in the ECA (80% of ECAs percussed in one 
study;102 see Fig. 25-4, B). However, this maneuver 
should be used with caution because the temporal tap 
can also be seen in the CCA and ICA, although less 
frequently (54% and 33%, respectively) than in the 
ECA.103 Branching vessels are a unique feature of the 
ECA, which can also be used to differentiate this vessel 
from the ICA. Color Doppler sonography can facilitate 
the identification of such branching vessels (see Fig. 
25-4, A). Usually, the combination of vessel size, posi-
tion, waveform shape, presence of branches, and the 
temporal tap response can correctly identify the ECA.

Although distal propagation of the thrombus almost 
invariably occurs after an ICA occlusion, CCA occlu-
sions are often localized. Flow may be maintained in  
the ECA and ICA but must be reversed in one of the 
two vessels. Sonography is the preferred method for 
evaluating the maintenance of flow around the carotid 
bifurcation after proximal CCA occlusion. Most often, 
retrograde flow in the ECA will supply antegrade  
flow in the ipsilateral ICA. Occasionally, the opposite 
flow pattern will be encountered61,104,105 (Fig. 25-36).
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FIGURE 25-35. Chronic occlusion. Long-standing inter-
nal carotid artery occlusion results in low-resistance waveform in 
the external carotid artery.

Preoperative Strategies for Patients 
with Carotid Artery Disease

The preoperative workup of carotid disease is evolving 
in response to NASCET, ECST, and ACAS results.4,5,106 
The issue of numbers to be used for a carotid ultrasound 
examination depends on the intent of the examination. 
Why are we doing the study? How will we use the 
results? If the examination is a screening test, are we 
evaluating all patients, or only symptomatic patients? If 
we intend to select patients for surgery on the basis of 
the ultrasound alone, then a different set of variables is 
likely to produce the desired outcome. The purpose of 
a carotid examination and the patient population being 
screened will impact the selection of velocity thresholds. 
For example, screening of high-risk, asymptomatic 
patients might best be performed with high-velocity 
thresholds with increased specificity, whereas symptom-
atic patients more likely to undergo surgery for optimal 
treatment would dictate lower thresholds with increased 
sensitivity.

Although many still consider angiography as the stan-
dard, its critics cite significant intraobserver variability 
and frequent underestimation of the degree of steno-
sis.107 Comparisons of angiographic and sonographic 
estimations of carotid stenosis reveal a closer surgical 
correlation with the ultrasound measurements.1 Carotid 
ultrasound has proved highly accurate in detecting high-
grade stenoses, as well as differentiating critical stenoses 
from occlusion, particularly since the advent of color and 
power Doppler ultrasound. MRA is currently demon-
strating comparable accuracy as ultrasound and angiog-
raphy for the detection and quantification of carotid 
stenosis. Like sonography, MRA can depict plaque mor-
phology, but it can also evaluate intracranial circulation. 
MRA may be helpful in situations where calcified plaque 
obscures the underlying carotid lumen from insonation.

Many investigators now suggest replacing preopera-
tive angiography with a combination of carotid sonog-
raphy and MRA. They advocate utilizing angiography 
only in cases where MRA and carotid ultrasound have 
discordant results, or they are inadequate.108-110 Other 
studies support the use of carotid ultrasound alone before 
endarterectomy.109-115 Numerous studies show that more 
than 90% of surgical candidates can be adequately 
screened using clinical assessment and ultrasound alone. 
However, in suspected aortic arch proximal vessel disease 
or in cases of suspected complete occlusion, some prac-
titioners still advocate preoperative angiography.

Randoux et al.116 reported strong correlation among 
CT angiography, gadolinium-enhanced MRA, and con-
ventional angiography for estimating carotid stenoses. 
When MRA is contraindicated, CT angiography could 
provide an alternative noninvasive preoperative imag-
ing tool.

Postoperative Ultrasound

The endarterectomized carotid artery demonstrates 
many characteristic features117,118 (Fig. 25-37). A discrete 
wedge between the normal I-M complex and the endar-
terectomized surface is frequently seen, as are periodi-
cally spaced echogenic sutures. The absent I-M complex 
has also been shown to regrow. Although routine post-
endarterectomy surveillance is not advocated in asymp-
tomatic patients, one study showed that approximately 
6% of CEA patients had carotid flaps, residual moderate 
to moderately severe stenoses, or occluded ECAs.119 Two 
of these patients with postoperative abnormalities on 
ultrasound sustained perioperative stroke. Patients 
without defects on the postoperative ultrasound had no 
perioperative sequelae or need for a repeat of procedures. 
Patients with preoperative stenoses greater than 75% 
have a greater risk for residual stenoses. Ultrasound 
appears useful in the symptomatic postoperative popula-
tion, but its role in the asymptomatic patient population 
is debatable.120

Carotid Artery Stents and 
Revascularization

Percutaneous transluminal carotid artery stenting 
(CAS) in association with carotid angioplasty is becom-
ing an increasing popular and common means of carotid 
revascularization. Between 1998 and 2004, the incidence 
of CEA decreased 17%, whereas incidence of CAS 
increased 149%.121 Studies report that CAS is equivalent 
in safety and efficacy even in patients at increased surgi-
cal risk.122 However, this is a controversial issue. Careful 
patient selection is critical if the potential benefits of 
carotid revascularization are to be realized. Ultrasound 
may be helpful in (1) assessing the presence and severity 
of stenosis, (2) characterizing the carotid bifurcation, 
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plaque characterization and true histologic examination 
of the plaque after endarterectomy. Considering the 
accuracy of ultrasound characterization, when intra-
plaque hemorrhage or vulnerable plaque is identified, 
CEA rather than CAS might be the preferred method of 
revascularization to reduce the risk of embolic complica-
tions. However, Reiter et al.125 were unable to use plaque 
echolucency as a criterion for those at increased risk for 
post-CAS neurologic events and therefore did not rec-
ommend this type of risk stratification. The use of plaque 
characterization to determine the type of therapeutic 
intervention needs further assessment.

Grading Carotid Intrastent Restenosis

Sonography allows accurate evaluation of stent place-
ment within the carotid vessels.126 Carotid stents are 

and (3) assessing anatomic variants, vessel tortuosity, and 
plaque calcification before stent placement (Fig. 25-38).

The role of ultrasound in determining patient selec-
tion also remains controversial. Certainly, the accuracy 
of duplex ultrasound in grading flow-limiting stenosis is 
well established, with a sensitivity of 94% and a specific-
ity of 92%, and is universally accepted as an important 
criterion in patient selection.123 However, although 
the role of plaque characterization in patient selection 
remains controversial, it is becoming more important as 
vulnerable plaque, as an etiology of stroke, becomes 
more appreciated. Vulnerable plaque appears to correlate 
with heterogeneous or echolucent type 1 or 2 plaque. 
This type of plaque is associated with intraplaque hemor-
rhage and is thought to have strong embolic potential. 
Using intravascular ultrasound (IVUS), Diethrich 
et al.124 showed a strong correlation between IVUS 
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FIGURE 25-36. Common carotid artery (CCA) occlusion causes abnormal internal carotid artery (ICA) 
waveform. A, Antegrade tardus-parvus waveform is seen in an ICA distal to a CCA occlusion. B, Retrograde external carotid artery 
(ECA) flow with a tardus-parvus waveform caused by collateral flow from the contralateral ECA to supply the ipsilateral ICA distal to 
a CCA occlusion. C, Color Doppler image shows antegrade ECA flow (E) with an ECA branch (arrow) and retrograde ICA flow (I); 
J, internal jugular vein. D, Spectral Doppler image shows high-resistance retrograde right ICA flow. E, High-resistance antegrade flow in 
the right ECA distal to a CCA occlusion.
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vessels. The disproportionate velocity elevations along 
the stent may be caused by several factors, including 
changes in vessel wall compliance and shunting of blood 
flow away from the ECA. Also, the technique used in 
many stent trials, which require strict adherence to the 
60-degree angle theta technique for Doppler interroga-
tion, may result in systematic velocity increases. As such, 
it was realized that new tables must be established and 
validated for the follow-up of patients after CAS. Mul-
tiple proposals for grading post-CAS parameters have 
been suggested132-136 (Table 25-3).

NONATHEROSCLEROTIC  
CAROTID DISEASE

Nonatherosclerotic carotid disease is much less common 
than plaque disease. Fibromuscular dysplasia (FMD), 
a noninflammatory process with hypertrophy of mus-
cular and fibrous arterial walls separated by abnormal 
zones of fragmentation, involves the middle and distal 
ICA more frequently than other carotid segments. A 

readily visualized with ultrasound, allowing one to assess 
disease before, along, and distal to the stent. The rate of 
post-CAS restenosis has been reported as between 1.9% 
and 16%.126-129 Velocity criteria for grading stenoses in 
a stent may not be the same as for those in the native 
carotid artery.130 Some investigators have shown that 
velocities along the stent are routinely higher than those 
in a nonstented vessel. Velocity elevations in the range 
of 125 to 140 cm/sec are fairly common in widely patent 
stents. In addition, one normally sees an increase in 
velocity in the distal ICA beyond the deployed stent. At 
present, slight increases in velocity in a stent that appears 
widely patent on power or color Doppler are unlikely to 
indicate significant narrowing or warrant further assess-
ment or intervention.

Fleming et al.126 and Chahwan et al.131 showed that 
normal Doppler ultrasound reliably identifies arterio-
graphically normal carotid arteries after CAS. They also 
reported that post-CAS carotid velocities did not always 
correlate with the prestented flow-limiting stenosis 
tables, and that the velocities appeared to be dispropor-
tionately elevated in mild and moderately restenotic 
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FIGURE 25-37. Post–carotid endarterectomy (CEA) appearances. A, Normal post-CEA changes with a vein patch 
(arrows). B, Abnormal wedge of residual/recurrent plaque/thrombus in newly symptomatic post-CEA patient. C, Post-CEA sutures (arrow) 
with a residual intimal flap in lumen.
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FIGURE 25-38. Carotid stent. A, Normal right carotid stent (arrow) shows complete filling on color Doppler examination. 
B, Transverse image of carotid stent (arrow) in the carotid bulb shows residual plaque (arrowhead) in the lumen. C and D, Left carotid 
stent shows visible narrowing on color Doppler (C) and elevated velocities (D) consistent with a greater than 70% stenosis using standard 
carotid velocity criteria.

TABLE 25-3. CAROTID ARTERY STENOSIS GRADING

STUDY DEGREE OF STENOSIS PSV (cm/sec) EDV (cm/sec) ICA/CCA PSV RATIO

Setacci et al.132 <30% ≤104
30%-50% 105-174

50%-70% 175-299

≥70% ≥300 ≥140 ≥3.8

Zhou et al.133 >70% >300 >90 >4

Lal et al.134 ≥20% ≥150 >2.15

≥50% ≥220 ≥2.7

≥80% >340 ≥4.15

Armstrong et al.135 >50% >150 >2

>75% >300 >125 >4

Chi et al.136 ≥50% 240 2.45

≥70% 450 4.3

PSV, Peak systolic velocity; EDV, end diastolic velocity; ICA/CCA, internal/common carotids.
Modified from Fleming et al.126 and Chahwan et al.131
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characteristic “string of beads” appearance has been 
described on angiography. Only a few reports describe 
sonographic features of FMD.137,138 Many patients with 
FMD demonstrate nonspecific or no obvious abnormali-
ties on ultrasound. FMD may be asymptomatic or can 
result in carotid dissection or subsequent thromboem-
bolic events (Fig. 25-39). Arteritis resulting from auto-
immune processes (e.g., Takayasu’s arteritis, temporal 
arteritis) or radiation changes can produce diffuse con-

A

C

B

FIGURE 25-39. Fibromuscular dysplasia. A, Longitudinal color Doppler image of the middle to distal portion of the internal 
carotid artery (ICA) shows velocity elevation and significant stenosis. B, Same patient’s proximal portion of the ICA shows no stenosis. 
C, Angiogram demonstrates typical appearance of fibromuscular dysplasia in the mid-ICA and distal ICA. Note the beaded appearance 
resulting from focal bands (arrow) of thickened tissue that narrow the lumen.

centric thickening of carotid walls, which most fre-
quently involves the CCA139 (Fig. 25-40).

Cervical trauma can produce carotid dissections 
or aneurysms. Carotid artery dissection results from 
a tear in the intima, allowing blood to dissect into the 
wall of the artery, which produces a false lumen.  
The false lumen may be blind ended or may reenter the 
true lumen. The false lumen may occlude or narrow the 
true lumen, producing symptoms similar to carotid 
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mal ipsilateral CCA, flow in the ICA may demonstrate 
high velocities associated with luminal narrowing sec-
ondary to hemorrhage and a thrombus in the area of the 
false lumen. Accordingly, flow velocity waveforms in the 
CCA may be normal or may demonstrate extremely 
damped, high-resistance waveforms. MRA, another non-
invasive imaging test, readily demonstrates mural hema-
toma that confirms the diagnosis of ICA dissection. 
Although angiography is frequently used initially to 
diagnose a dissection, ultrasound can be used to follow 
patients to assess the therapeutic response to anticoagula-
tion. Repeat sonographic evaluation of patients with 
ICA dissection after anticoagulation therapy reveals 
recanalization of the artery in as many as 70% of  
cases.140-142 It is important to consider the diagnosis of 
dissection as a cause of neurologic symptoms, particu-

plaque disease. Dissections may arise spontaneously or 
secondary to trauma or to intrinsic disease with elastic 
tissue degeneration (e.g., Marfan’s syndrome) or may be 
related to atherosclerotic plaque disease.15 The ultra-
sound examination of a carotid dissection may reveal a 
mobile or fixed echogenic intimal flap, with or without 
thrombus formation. Frequently, there is a striking 
image/Doppler mismatch with a paucity of gray-scale 
abnormalities seen in association with marked flow 
abnormalities (Fig. 25-41).

Color or power Doppler ultrasound may readily 
clarify the source of this mismatch by demonstrating 
abrupt tapering of the patent, filled lumen to the point 
of an ICA occlusion, analogous to angiographic findings. 
Although the ICA is frequently occluded, demonstrating 
absent flow with a high-resistance waveform in the proxi-
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B

FIGURE 25-40. Long-segment stenosis of common carotid artery (CCA) caused by Takayasu’s arteritis. 
A, Power Doppler image of left CCA shows long-segment concentric narrowing caused by greatly thickened walls of the artery. B, Power 
Doppler image of right CCA in same patient demonstrates similar concentric narrowing (arrows). C, Right spectral Doppler waveform 
shows a mildly tardus-parvus waveform.
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A B
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FIGURE 25-41. Carotid artery dissection. A, Abnormal high-resistance waveforms (arrow) at the origin of the right internal 
carotid artery (ICA) with no evidence of flow distal to this point (curved arrow). B, Gray-scale evaluation of the vessel in the area of 
the occlusion demonstrates only a small, linear echogenic structure (arrow) without evidence of significant atherosclerotic narrowing. 
C, Subsequent angiogram demonstrates the characteristic tapering to the point of occlusion (arrow) associated with carotid artery dissec-
tion and thrombotic occlusion. D, Transverse, and E, longitudinal, images of another patient show an intimal flap (arrow) in an external 
carotid artery; I, internal carotid artery.

INTERNAL CAROTID ARTERY 
DISSECTION: SONOGRAPHIC FINDINGS

Internal Carotid Artery
Absent flow or occlusion
Echogenic intimal flap, with or without thrombus
Hypoechoic thrombus, with or without luminal 

narrowing
Normal appearance

Common Carotid Artery
High-resistance waveform
Damped flow
Normal appearance

larly when the clinical presentation, age, and patient 
history are atypical for that of atherosclerotic disease or 
hemorrhagic stroke.

The most common CCA aneurysm occurs in the 
region of the carotid bifurcation. These aneurysms may 
result from atherosclerosis, infection, trauma, surgery,  
or infectious etiology, such as syphilis. The normal  
CCA usually measures no more than 1 cm in diameter. 
Carotid body tumors, one of several paragangliomas 
that involve the head and neck, are usually benign, well-
encapsulated masses located at the carotid bifurcation. 
These tumors may be bilateral, particularly in the famil-
ial variant, and are very vascular, often producing an 
audible bruit. Some of these tumors produce catechol-
amines, leading to sudden changes in blood pressure 
during or after surgery. Color Doppler ultrasound  
demonstrates an extremely vascular soft tissue mass at 
the carotid bifurcation (Fig. 25-42). Color Doppler 
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ultrasound can also be used to monitor embolization or 
surgical resection of carotid body tumors. A classic 
nonmass is the ectatic innominate/proximal CCA, fre-
quently occurring as a pulsatile supraclavicular mass in 
older women. The request to rule out a carotid aneurysm 
almost invariably shows the classic normal features of 
these tortuous vessels (Fig. 25-43).

Extravascular masses (e.g., lymph nodes, hemato-
mas, abscesses) that compress or displace the carotid 
arteries can be readily distinguished from primary vascu-
lar masses, such as aneurysms or pseudoaneurysms (Fig. 
25-44). Posttraumatic pseudoaneurysms can usually 
be distinguished from a true carotid aneurysm by dem-
onstrating the characteristic to-and-fro waveforms in the 
neck of the pseudoaneurysm, as well as the internal vari-
ability (yin-yang) characteristic of a pseudoaneurysm 
(Fig. 25-45).

TRANSCRANIAL DOPPLER 
SONOGRAPHY

In transcranial Doppler (TCD) ultrasound, a low-fre-
quency 2-MHz transducer is used to evaluate blood flow 
within the intracranial carotid and vertebrobasilar system 
and the circle of Willis. Access is achieved through the 
orbits, foramen magnum, or most often the region of 
temporal calvarial thinning (transtemporal window).143 
However, many patients (up to 55% in one series144) 
may not have access to an interpretable TCD examina-
tion. Women, particularly African Americans, have a 
thick temporal bone through which it is difficult to 
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FIGURE 25-42. Carotid body tumor. A, Transverse image of the carotid bifurcation shows a mass (arrows) splaying the internal 
carotid artery (ICA) and external carotid artery (ECA). B, Pulsed Doppler traces of the carotid body tumor show typical arteriovenous 
shunt (low-resistance) waveform.

I

FIGURE 25-43. Ectatic common carotid artery 
(CCA). Color Doppler image shows ectatic proximal CCA arising 
from the innominate artery (I) and responsible for a pulsatile right 
supraclavicular mass.

insonate the basal cerebral arteries.144,145 This difficulty 
limits the feasibility of TCD imaging as a routine part 
of the noninvasive cerebrovascular workup.144

By using spectral analysis, various parameters are 
determined, including mean velocity, PSV, EDV, and 



Chapter 25 ■ The Extracranial Cerebral Vessels  985
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FIGURE 25-44. Pathologic lymph node near carotid 
bifurcation. Power Doppler image shows a malignant lymph 
node (arrow) lateral to the carotid bifurcation.

P

C

FIGURE 25-45. Pseudoaneurysm of the common 
carotid artery (CCA). Transverse image of the left distal 
CCA (C) demonstrates a characteristic to-and-fro waveform in the 
neck of the large pseudoaneurysm (P), which resulted from an 
attempted central venous line placement.the pulsatility and resistive indices of the blood vessels. 

Color or power Doppler ultrasound can improve veloc-
ity determination by providing better angle theta deter-
mination and localizing the course of vessels.143 TCD 
applications include (1) evaluation of intracranial steno-
ses and collateral circulation, (2) detection and follow-up 
of vasoconstriction from subarachnoid hemorrhage, (3) 
determination of brain death, (4) evaluation of patients 
with sickle cell disease, and (5) identification of arterio-
venous malformation.140-143,146 TCD is most reliable in 
diagnosing stenoses of the middle cerebral artery (MCA), 
with sensitivities as high as 91% reported. TCD is less 
reliable for detecting stenoses of the intracranial verte-
brobasilar system, anterior and posterior cerebral arter-
ies, and terminal ICA. However, TCD is helpful in 
assessing vertebral artery patency and flow direction 
when no flow is detected in the extracranial vertebral 
artery (Fig. 25-46). Diagnosis of an intracranial stenosis 
is based on an increase in the mean velocity of blood 
flow in the affected vessel compared to that of the con-
tralateral vessel at the same location.144,145

Advantages of TCD ultrasound also include its avail-
ability to monitor patients in the operating room or 
angiographic suite for potential cerebrovascular com-
plications.145 Intraoperative TCD monitoring can be 
performed with the transducer strapped over the trans-
temporal window, allowing evaluation of blood flow in 

the MCA during CEA. The adequacy of cerebral  
perfusion can be assessed while the carotid artery  
is clamped.145,147 TCD is also capable of detecting 
intraoperative microembolization (“HITS”), which 
produces high-amplitude spikes on the Doppler spec-
trum.144,148-150 The technique can be used for the serial 
evaluation of vasospasms. This diagnosis is usually 
based on serial examinations of the relative increase in 
blood flow velocity and resistive index changes resulting 
from a decrease in the lumen of the vessel caused by 
vasospasms.145

VERTEBRAL ARTERY

The vertebral arteries supply the majority of the poste-
rior brain circulation. Through the circle of Willis, the 
vertebral arteries also provide collateral circulation to 
other portions of the brain in patients with carotid 
occlusive disease. Evaluation of the extracranial vertebral 
artery seems a natural extension of carotid duplex and 
color Doppler imaging.151,152 Historically, however, 
these arteries have not been studied as intensively as the 
carotids. Symptoms of vertebrobasilar insufficiency 
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A B

FIGURE 25-46. Transcranial Doppler imaging. A, Transcranial duplex scan of the posterior fossa in a patient with an incom-
plete left subclavian steal syndrome demonstrates retrograde systolic flow (arrow) and antegrade diastolic flow (curved arrow). The scan 
is obtained in a transverse projection from the region of the foramen magnum (open arrowhead). B, Color Doppler image obtained in 
the same patient demonstrates that there is retrograde flow not only within the left vertebral artery, but within the basilar artery (arrow) 
as well.
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FIGURE 25-47. Vertebral artery course. Lateral 
diagram of vertebral artery (arrow) shows its course through the 
cervical spine transverse foramina (arrowheads) en route to joining 
the contralateral vertebral artery to form the basilar artery (B); 
C, carotid artery; S, subclavian artery.

also tend to be rather vague and poorly defined com-
pared with symptoms referable to the carotid circula-
tion. It is often difficult to make an association 
confidently between a lesion and symptoms. Further-
more, interest in surgical correction of vertebral lesions 
has been limited. The anatomic variability, small  
size, deep course, and limited visualization resulting 
from overlying transverse processes make the vertebral 
artery more difficult to examine accurately with ultra-
sound.151,153,154 The clinical utility of vertebral artery 
duplex scanning remains under investigation. Its role in 
diagnosing subclavian steal and presteal phenomena is 
well established.155,156 Less clear-cut is the use of verte-
bral duplex scanning in evaluating vertebral artery ste-
nosis, dissection, or aneurysm.

Anatomy

The vertebral artery is usually the first branch off the 
subclavian artery (Fig. 25-47). However, variation in the 
origin of the vertebral arteries is common. In 6% to 8% 
of people the left vertebral artery arises directly from the 
aortic arch proximal to the left subclavian artery. In 90% 
the proximal vertebral artery ascends superomedially, 
passing anterior to the transverse process of the seventh 
cervical vertebra (C7), and enters the transverse foramen 
at the C6 level. The remainder of vertebral arteries enters 
into the transverse foramen at the C5 or C7 level and, 
rarely, at the C4 level. The size of vertebral arteries is 
variable, with the left larger than the right in 42%, the 
two vertebral arteries equal in size in 26%, and the right 

larger than the left in 32% of cases.157 One vertebral 
artery may even be congenitally absent. Usually, the 
vertebral arteries join at their confluence to form the 
basilar artery. Rarely, the vertebral artery may terminate 
in a posterior inferior cerebellar artery.
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vessel is small, flow tends to demonstrate a broader spec-
trum. The clear spectral window seen in the normal 
carotid system is often filled in the vertebral artery61 (Fig. 
25-49).

The vertebral vein (often a plexus of veins) runs 
parallel and adjacent to the vertebral artery. Care must 
be taken not to mistake its flow for that of the adjacent 
artery, particularly if the venous flow is pulsatile.  
Comparison with jugular venous flow during respiration 
should readily distinguish between vertebral artery and 
vein. At times, the ascending cervical branch of the thy-
rocervical trunk can be mistaken for the vertebral artery. 
This can be avoided by looking for landmark transverse 
processes that accompany the vertebral artery and by 
paying careful attention to the waveform of the visual-
ized vessel. The ascending cervical branch has a high-
impedance waveform pattern similar to that of the 
ECA.155

Transcranial Doppler sonographic examination of the 
vertebrobasilar artery system can be performed as an 
adjunct to the extracranial evaluation. The examination 
is conducted with a 2-MHz transducer with the patient 
sitting, using a suboccipital midline nuchal approach, or 
with the patient supine, using a retromastoidal approach. 
Color or power Doppler facilitates TCD imaging of the 
vertebrobasilar system.161

Subclavian Steal

The subclavian steal phenomenon (syndrome) occurs 
when there is high-grade stenosis or occlusion of the 
proximal subclavian or innominate arteries with patent 
vertebral arteries bilaterally. The artery of the ischemic 
limb “steals” blood from the vertebrobasilar circulation 
through retrograde vertebral artery flow, which may 
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FIGURE 25-48. Normal vertebral artery and vein. 
Longitudinal color Doppler image shows a normal vertebral artery 
(A) and vein (V) running between the transverse processes of the 
second to sixth cervical vertebrae (C2-C6), which are identified 
by their periodic acoustic shadowing (S).

FIGURE 25-49. Normal vertebral artery waveform. 
Normal low-resistance waveform of the vertebral artery with 
filling of the spectral window.

Sonographic Technique and  
Normal Examination

Vertebral artery visualization with Doppler flow analysis 
can be obtained in 92% to 98% of vessels151,158 (Fig. 
25-48). Color Doppler facilitates the rapid detection of 
vertebral arteries but does not significantly improve this 
detection rate.154 Vertebral artery duplex examinations 
are performed by first locating the CCA in the longitu-
dinal plane. The direction of flow in the CCA and 
jugular vein is determined. A gradual sweep of the trans-
ducer laterally demonstrates the vertebral artery and vein 
running between the transverse processes of C2 to C6, 
which are identified by their periodic acoustic shadow-
ing. Transverse scanning with color Doppler allows the 
examiner to visualize the carotid artery and jugular vein 
at the same time and use them as references to determine 
the direction of flow in the vertebral artery.153,155 Angling 
the transducer caudad allows visualization of the verte-
bral artery origin in 60% to 70% of the arteries, in 80% 
on the right-hand side, and in 50% on the left. This 
discrepancy may relate to the left vertebral artery origin 
being deeper and arising directly from the aortic arch in 
6% to 8% of cases.153,159

The presence and direction of flow should be estab-
lished. Visible plaque disease should be assessed. The 
vertebral artery supplies blood to the brain and usually 
has a low-resistance flow pattern similar to that of the 
CCA, with continuous flow in systole and diastole; 
however, wide variability in waveform shape has been 
noted in angiographically normal vessels.160 Because the 
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artery waveform abnormalities correlate with the severity 
of the subclavian disease.

Doppler evaluation of the vertebral artery reveals four 
distinct abnormal waveforms that correlate with subcla-
vian or vertebral artery pathology on angiography. These 
include the complete subclavian steal, partial or incom-
plete steal, presteal phenomenon, and tardus-parvus ver-
tebral artery waveforms.160 In a complete subclavian 
steal, flow within the vertebral artery is completely 
reversed (Fig. 25-51). Incomplete steal or partial steal 
demonstrate transient reversal of vertebral flow during 
systole161,163 (Fig. 25-52). Incomplete steal suggests high-
grade stenosis of the subclavian or innominate artery 
rather than occlusion. Provocative maneuvers, such as 
exercising the arm for 5 minutes or 5-minute inflation 
of a sphygmomanometer on the arm to induce rebound 
hyperemia on the side of the subclavian or innominate 
lesion, can enhance the sonographic findings and convert 
an incomplete steal to a complete steal.97,115

The presteal (“bunny”) waveform shows antegrade 
flow but with a striking deceleration of velocity in peak 
systole to a level less than EDV. This is seen in patients 
with proximal subclavian stenosis, which is usually less 
severe than in those with partial steal waveform.163 The 
bunny waveform can be converted into a partial steal  
or complete steal waveform by provocative maneuvers, 
such as the use of a blood pressure cuff (Fig. 25-53). 
A damped, tardus-parvus waveform can be seen 
in patients with high-grade proximal vertebral 
stenosis.156,163

With a subclavian steal, color Doppler may show two 
similarly color-encoded vessels between the transverse 

result in symptoms of vertebrobasilar insufficiency (Fig. 
25-50). Symptoms are usually most pronounced during 
exercise of the upper extremity but can be produced by 
changes in head position. However, there is often poor 
correlation between vertebrobasilar symptoms and the 
subclavian steal phenomenon. Usually, flow within  
the basilar artery is unaffected unless severe stenosis of 
the vertebral artery supplying the steal exists.161 Also, 
surgical or angioplastic restoration of blood flow may not 
result in relief of symptoms.162 The subclavian steal syn-
drome is most often caused by atherosclerotic disease, 
although traumatic, embolic, surgical, congenital, and 
neoplastic factors have also been implicated. Although 
the proximal subclavian stenosis or occlusion may be 
difficult to image, particularly on the left, the vertebral 
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FIGURE 25-50. Hemodynamic pattern in subcla-
vian steal syndrome. Proximal left subclavian artery occlu-
sive lesion (arrowhead) decreases flow to the distal subclavian 
artery (S). This produces retrograde flow (large arrows) down the 
left vertebral artery (L) and stealing from the right vertebral artery 
(R) and other intracranial vessels through the circle of Willis (W).

ABNORMAL VERTEBRAL  
ARTERY WAVEFORMS

Complete Subclavian Steal
Reversal of flow within vertebral artery ipsilateral to 

stenotic or occluded subclavian or innominate 
artery.

Incomplete or Partial Subclavian Steal
Transient reversal of vertebral artery flow during 

systole.
May be converted into a complete steal using 

provocative maneuvers.
Suggests stenotic, not occlusive, lesion.

Presteal Phenomenon
“Bunny” waveform: systolic deceleration less than 

diastolic flow.
May be converted into partial steal by provocative 

maneuvers.
Seen with proximal subclavian stenosis.

Tardus-Parvus or Damped Waveform
Seen with vertebral artery stenosis.
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Stenosis and Occlusion

Diagnosis of vertebral artery stenosis is more difficult 
than diagnosis of flow reversal. Most hemodynamically 
significant stenoses occur at the vertebral artery origin, 
situated deep in the upper thorax and seen in only 60% 
to 70% of patients.153,158,159 Even if the vertebral artery 
origin off the subclavian is visualized, optimal adjust-
ments of the Doppler angle for accurate velocity mea-
surements may be difficult because of the deep location 
and vessel tortuosity. No accurate reproducible criteria 
for evaluating vertebral artery stenosis exist. Because flow 
is normally turbulent within the vertebral artery, spectral 
broadening cannot be used as an indicator of stenosis. 
Velocity measurements are not reliable as criteria for 
stenosis because of the wide normal variation in vertebral 
artery diameter. Although velocities greater than 100 cm/
sec often indicate stenosis, they can occur in angiograph-
ically normal vessels. For example, high-flow velocity 
may be present in a vertebral artery that is serving as a 
major collateral pathway for cerebral circulation in cases 
of carotid occlusion21,119,164 (Fig. 25-54). Thus, only a 
focal increase in velocity of at least 50%, visible ste-
nosis on gray-scale or color Doppler, or a striking 
tardus-parvus vertebral artery waveform is likely to 
indicate significant vertebral stenosis. The variability of 
resistive indices in normal and abnormal vertebral arter-
ies precludes the use of this parameter as an indicator of 
vertebral disease.160

processes, representing the vertebral artery and vein.83 
Transverse images of the vertebral artery with color 
Doppler show reversed flow compared with those of the 
CCA. A Doppler spectral waveform must be produced 
in all such cases to avoid mistaking flow reversal within 
an artery for flow in a pulsatile vertebral vein.83,155

A B

FIGURE 25-51. Vertebral artery flow. A, Subclavian steal causes reversed flow in vertebral artery. Complete vertebral artery flow 
reversal results from a right subclavian artery occlusion. Flow in this vertebral artery is toward the transducer. B, Slightly aberrant vertebral 
artery with color flow reversal.

FIGURE 25-52. Incomplete subclavian steal. Flow in 
early systole is antegrade, flow in peak systole is retrograde, and 
flow in late systole and diastole (arrow) is again antegrade.
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A B

FIGURE 25-53. Incomplete subclavian steal and provocative maneuver. A, Presteal left vertebral artery waveform. 
Flow decelerates in peak systole but does not reverse. B, After provocative maneuver, there is reversal of flow in peak systole in response 
to a decrease in peripheral arterial pressure.

FIGURE 25-54. Increased flow velocity in vertebral artery. Pulsed Doppler spectral trace from a left vertebral artery 
demonstrates strikingly high velocities and disturbed flow (arrow). Although this degree of velocity elevation and flow disturbance could 
be associated with a focal stenosis, in this case there was increased velocity throughout the vertebral artery from bilateral internal carotid 
artery occlusion and increased collateral flow into the vertebral artery.
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J

FIGURE 25-55. Normal jugular vein. Complex venous 
pulsations in a normal jugular vein (J) reflect the cycle of events 
in the right atrium.

Diagnosis of vertebral artery occlusion is also diffi-
cult. Often, the inability to detect arterial flow results 
from a small or congenitally absent vertebral artery or a 
technically difficult examination. The differentiation of 
severe stenosis from occlusion is difficult for the same 
reasons. Extremely damped blood flow velocity in high-
grade stenoses and a decreased number of RBCs travers-
ing the area evaluated may result in a Doppler signal 
with amplitude too low to be detected.154 Power Doppler 
imaging may prove useful in this situation. Visualization 
of only a vertebral vein may indicate vertebral artery 
occlusion or congenital absence.

INTERNAL JUGULAR VEINS

The internal jugular veins are the major vessels respon-
sible for the return of venous blood from the brain. The 
most common clinical indication for duplex and color 
Doppler flow ultrasound of the internal jugular vein is 
the evaluation of suspected jugular venous thrombo-
sis.165-172 Thrombus formation may be related to central 
venous catheter placement. Other indications include  
a diagnosis of jugular venous ectasia171-174 and guidance 
for internal jugular or subclavian vein cannulation,175-179 
particularly in difficult situations where vascular anatomy 
is distorted.

Sonographic Technique

The normal internal jugular vein is easily visualized. The 
vein is scanned with the neck extended and the head 
turned to the contralateral side. Longitudinal and trans-
verse scans are obtained with light transducer pressure 
on the neck to avoid collapsing the vein. A coronal view 
from the supraclavicular fossa is used to image the lower 
segment of the internal jugular vein and the medial 
segment of the subclavian vein as they join to form the 
brachiocephalic vein.

The jugular vein lies lateral and anterior to the CCA, 
lateral to the thyroid gland, and deep to the sternocleido-
mastoid muscle. The vessel has sharply echogenic walls 
and a hypoechoic or anechoic lumen. Normally, a valve 
can be visualized in its distal portion.168,176,180 The right 
internal jugular vein is usually larger than the left.175

Real-time ultrasound demonstrates venous pulsa-
tions related to right heart contractions, as well as 
changes in venous diameter that vary with changes in 
intrathoracic pressure. Doppler examination graphically 
depicts these flow patterns (Fig. 25-55). On inspiration, 
negative intrathoracic pressure causes flow toward the 
heart and the jugular veins to decrease in diameter. 
During expiration and during Valsalva maneuver, 
increased intrathoracic pressure causes a decrease in the 
blood return, and the veins enlarge, with minimal or no 
flow noted. The walls of the normal jugular vein collapse 

completely when moderate transducer pressure is applied. 
Sudden patient sniffing reduces intrathoracic pressure, 
causing momentary collapse of the vein on real-time 
ultrasound, accompanied by a brief increase in venous 
flow toward the heart as shown by Doppler.167,169,171

Thrombosis

Clinical features of jugular venous thrombosis (JVT) 
include a tender, poorly defined, nonspecific neck mass 
or swelling. The correct diagnosis may not be immedi-
ately obvious.168 Thrombosis of the internal jugular vein 
can be completely asymptomatic because of the deep 
position of the vein and the presence of abundant col-
lateral circulation.171 This condition was previously diag-
nosed by venography, an invasive procedure prompted 
only by a high index of suspicion. With the introduction 
of noninvasive techniques, such as ultrasound, CT,181and 
MRA,182 JVT is being identified more frequently. Inter-
nal jugular thrombosis most often results from complica-
tions of central venous catheterization.166,170,171 Other 
causes include intravenous drug abuse, mediastinal 
tumor, hypercoagulable states, neck surgery, and local 
inflammation or adenopathy.168 Some cases are idio-
pathic or spontaneous.168 Possible complications of JVT 
include suppurative thrombophlebitis, clot propagation, 
and pulmonary embolism.168,172

Real-time examination reveals an enlarged, noncom-
pressible vein, which may contain a visible echogenic 
intraluminal thrombus. An acute thrombus may be 
anechoic and indistinguishable from flowing blood; 
however, the characteristic lack of compressibility and 
absent Doppler or color Doppler flow in the region of a 
thrombus quickly lead to the correct diagnosis. In addi-
tion, there is visible loss of vein response to respiratory 
maneuvers and venous pulsation. Spectral and color 
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Sonography has proved to be a reliable means of diag-
nosing jugular and subclavian vein thrombosis and has 
the advantage over CT and MRI of being inexpensive, 
portable, and nonionizing and of requiring no intrave-
nous contrast. Sonography has limited access and cannot 
image all portions of the jugular and subclavian veins, 
especially those located behind the mandible or below 
the clavicle, although knowledge of the full extent of a 
thrombus is not typically a critical factor in treatment 
planning.168,172 Serial sonographic examination to evalu-
ate response to therapy after the initial assessment can 
be performed safely and inexpensively. Sonography  
can also document venous patency before vascular line 
placement, facilitating safer and more successful catheter 
insertion.
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Doppler interrogations reveal absent flow (Fig. 25-56). 
Collateral veins may be identified, particularly in cases 
of chronic internal jugular vein thrombosis. Central liq-
uefaction or other heterogeneity of the thrombus also 
suggests chronicity. Chronic thrombi may be difficult 
to visualize because they tend to organize and are diffi-
cult to separate from echogenic perivascular fatty tissue.176 
The absence of cardiorespiratory plasticity in a patent 
jugular or subclavian vein can indicate a more central, 
nonocclusive thrombus (Fig. 25-57). The confirmation 
of bilateral loss of venous pulsations strongly supports a 
more central thrombus, which can be documented by 
venography or MRA.

A thrombus that is related to catheter insertion is 
often demonstrated at the tip of the catheter, although 
it may be seen anywhere along the course of the vein. 
The catheter can be visualized as two parallel echogenic 
lines separated by an anechoic region. Flow is not usually 
demonstrated in the catheter, even if the catheter itself 
is patent.
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FIGURE 25-56. Internal jugular vein thrombosis: spectrum of appearances. A, Transverse image of an acute left 
internal jugular vein thrombus (arrow). The vein is distended and noncompressible. C, Common carotid artery. B, Longitudinal image 
of a different patient demonstrates a hypoechoic thrombus and no Doppler signal. C, Longitudinal color Doppler image shows a small 
amount of thrombus arising from the posterior wall of the internal jugular vein (IJV). D, Transverse image shows an echogenic thrombus, 
indicating chronic thrombus in IJV. E, Longitudinal image demonstrates a thrombus around jugular vein catheter. F, Longitudinal images 
show a thrombus arising from anterior wall. This thrombus probably results from previous catheter placement in this region.
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The upper and lower extremity arteries are readily evalu-
ated by Doppler ultrasound. Because they are usually 
located at depths of 6 cm or less, the extremity arteries 
are more consistently imaged than the abdominal or 
thoracic arteries. Availability of sufficient imaging 
windows allows the transducer to be placed over the 
artery of interest without the presence of overlying atten-
uating tissues containing bone or gas. Transducers with 
imaging frequencies greater than 5 MHz can normally 
be used because the arteries lie close to the skin. Doppler 
frequencies are typically more than 3 MHz.

Although limited, real-time gray-scale sonography is 
useful for evaluating the presence of atherosclerotic 
plaque or confirming the presence of extravascular 
masses. Color flow Doppler sonographic imaging allows 
the clinician to survey the area of interest rapidly, deter-
mine if vascular structures are present, and if so, charac-
terize their blood flow patterns (Fig. 26-1; Video 26-1). 
The addition of spectral Doppler waveform analysis 
makes duplex Doppler sonography a powerful diagnostic 
tool for evaluating the clinical significance of atheroscle-
rotic lesions, differentiating significant arterial stenoses 
from occlusions and assessing the nature of perivascular 
masses. Compared with duplex sonography (spectral 
Doppler and gray-scale sonography) alone, color flow 
Doppler imaging can more rapidly survey the full length 

of limb arteries and detect the presence of significant 
stenoses and occlusions. Color flow imaging decreases 
the length of the peripheral arterial examination com-
pared with duplex sonography alone,1 and it improves 
diagnostic accuracy.2 As such, peripheral artery imaging 
is, in fact, color Doppler sonography. Power Doppler 
sonography, a more sensitive derivative of color Doppler 
imaging, can further improve the diagnostic perfor-
mance of Doppler sonography in specific clinical 
situations.

Compared with angiography, the sonographic 
approaches discussed in this chapter have the advantage 
of being noninvasive, relatively inexpensive, and well 
suited for serial examinations. They also permit the 
evaluation of soft tissue structures contiguous to the 
arteries. Computed tomography angiography (CTA) is 
a more expensive technology than Doppler sonography 
and requires the administration of contrast material. The 
use of multidetector CTA has shortened imaging times, 
improved resolution, and made it competitive with arte-
riography. Magnetic resonance angiography (MRA) is 
also used to detect the presence of arterial lesions. As with 
CTA, MRA can also be used to evaluate the soft tissues 
for nonvascular pathologies. However, MRA requires 
additional imaging sequences and increases imaging time. 
CTA and MRA are less operator dependent and, in given 
clinical situations, more accurate and more reproducible 
than Doppler sonography. However, the value of Doppler 
ultrasound is undisputed in patients with poor renal func-
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tion. Although MRA and CTA are more cost-effective 
than sonography in certain clinical scenarios, Doppler 
ultrasound can often help identify patients requiring 
direct referral for percutaneous arterial interventions.3-6

SONOGRAPHIC TECHNIQUE

Real-Time Gray-Scale Imaging

The diameter of the peripheral arteries that is clinically 
relevant varies from 1 to 6 mm. Accurate visualization 
of the arterial wall requires high-resolution transducers, 
more than 5 MHz, to visualize all the various lesions. A 
broad frequency range of 5 to 10 MHz is preferred 
because it offers overall good resolution while permitting 
good depth penetration, even in the thigh. For detailed 
visualization of smaller-diameter arteries, higher fre-
quencies of 7 to 12 MHz can be used. At these high 
frequencies, transducers have poor depth penetration but 
may be useful for evaluating bypass grafts and the ulnar 
and radial arteries and smaller arteries of the hand.

The linear phased array transducer is ideal for imaging 
the extremity arteries. The transducer has sufficient 
length to permit rapid coverage of long arterial segments 
by holding it parallel to the artery or graft long axis and 
by sliding it in a series of nonoverlapping increments. A 
smaller-footprint, curved array or sector transducer can 
be useful for imaging the iliac arteries and the more 
centrally located portions of the subclavian arteries.

Doppler Sonography

Simultaneous display of Doppler spectral waveforms  
and data and the gray-scale image, duplex Doppler 

sonography, is the basic requisite for the evaluation of 
the peripheral arteries and arterial bypass grafts.7 Careful 
real-time control is needed to position the Doppler 
sample gate and accurately detect sites of maximal blood 
flow velocity in arteries and bypass grafts. The transducer 
carrier frequencies can vary between 3 to 10 MHz, 
tending to be best lower than the simultaneously acquired 
gray-scale image. Selection of a Doppler transducer fre-
quency of approximately 5 MHz sacrifices some sensi-
tivity for detecting slowly moving blood, but decreases 
the likelihood that the system will alias at sites of  
rapidly moving blood, such as stenoses or arteriovenous 
fistulas.

Color Doppler sonography is an essential compo-
nent of a peripheral arterial sonographic examination. 
The simultaneous display of moving blood superim-
posed on a gray-scale image allows a rapid survey of the 
flow patterns within long sections of the peripheral arter-
ies and bypass grafts.8 In general, an efficient approach 
to peripheral vascular sonography relies on color flow 
Doppler sonography to rapidly identify zones of flow 
disturbances, then on duplex sonography, including 
Doppler spectral analysis, to characterize the type of flow 
abnormality present.1,9 The color Doppler image dis-
plays only the mean frequency shift caused by moving 
structures. The pixel size (resolution) is also coarser than 
the corresponding pixel size of gray-scale image. This 
may cause some ambiguity in alignment of the two sepa-
rate images and can cause the color Doppler information 
to overlap beyond the wall of the arteries. Most manu-
facturers use lower transducer frequencies for the color 
flow image than for the gray-scale sonographic compo-
nent of the image. This approach increases the depth 
penetration of the color flow image without compromis-
ing image resolution.

FIGURE 26-1. Stenosis of superficial femoral artery on color and spectral Doppler ultrasound. A, Color blood 
flow image shows that the site of stenosis causes an alteration in the color signals within the artery. There is aliasing of the color Doppler 
signals (blue) at the site of maximal stenosis. Abnormalities in the color flow signals extend at least 1 cm downstream from the lesion. 
Calcified plaques cause areas of Doppler signal drop-off distal to the stenosis. B, Pulsed Doppler waveforms taken before and at the site 
of aliasing show a significant increase in velocity (doubling), consistent with a significant stenosis of the superficial femoral artery.

RT SFA PROX TO MID THIGH
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Power Doppler sonography is a variant of color 
flow Doppler imaging that displays a summation of the 
Doppler signals caused by moving blood. Advantages of 
power Doppler over color Doppler flow imaging are (1) 
the blood flow information does not alias, (2) the signal 
strengths are much less angle dependent, and (3) slowly 
moving blood is more easily detected. A disadvantage is 
the loss of information pertaining to the direction of 
blood flow, although this information can also be 
displayed.

DOPPLER FLOW PATTERNS

Normal Arteries

The normal pattern of arterial blood flow in the extrem-
ity is different from that seen in the carotid arteries. At 
rest, the muscles of the extremities cause a high periph-
eral (distal) resistance and relatively low diastolic blood 
flow. The typical blood flow profile is a triphasic pattern 
(Fig. 26-2, top). First, during systole, there is a strong 
forward component of blood flow. Second, during early 
diastole, there is a short reversal of blood flow. Third, 
during remaining diastole, there is low-amplitude 
forward blood flow. The magnitude of the forward com-
ponent of blood flow during diastole varies, disappearing 
with vasoconstriction caused be cold and increasing with 
warmth or after exercise (Fig. 26-3).

Stenotic Arteries

The high-resistance pattern seen in normal peripheral 
arteries at rest is transformed into a low-resistance pattern 
when an occluded or severely stenotic arterial lesion is 
located proximal to the artery segment where the Doppler 
signals are sampled (see Fig. 26-2). This low-resistance 
pattern resembles that of the internal carotid artery. It is 
thought to reflect the opening of collateral arterial 
branches and the loss of normal resting arteriolar tone 
in response to ischemia. It is typically seen distal to an 
occluded artery segment but can be seen distal to severe 
stenotic lesions.

A localized increase in velocity occurs at the site of a 
stenosis proper. This increase in blood flow velocity 
causes a shift in the Doppler frequency sampled at the 
stenosis. The Doppler frequency shift and increase in 
estimated flow velocity are proportional to the lumen 
diameter narrowing at the stenosis.10-12 This can be 
shown as an increase in color saturation or aliasing on 
the color Doppler map or as an increase in the peak 
systolic velocity on the Doppler spectral display (see Fig. 
26-1, A and B). The pattern of blood flow distal to the 
stenosis is nonlaminar and shows a large variation in 
both direction and amplitude; this zone of disturbed 
flow is maintained over a distance of slightly more than 
1 cm (see Video 26-1). In certain cases the zone of blood 

flow disturbance can be very small. This zone of dis-
turbed blood flow is captured by the Doppler waveform 
as a broadening of the spectral window and by color 
Doppler imaging as increased variance of the color 
Doppler signals in the vessel.

Arteriovenous Fistulas

Arteriovenous (AV) fistulas can be either congenital or 
iatrogenic. Congenital AV fistulas present in various 
forms as abnormal communications between an artery 
and large, distended venous channels or primary venous 
anomalies. The abnormalities more easily identified with 
Doppler ultrasound are usually quite obvious clinically 
and tend to be located close to the skin surface of the 
involved extremity.13 These are normally visualized as 
distended venous channels into which feed single or 
multiple arterial branches. Smaller, nondistended veins 

FIGURE 26-2. Diagram of normal and abnormal 
Doppler arterial waveforms. The normal Doppler spec-
trum of flowing blood in the lower extremity arteries typically  
has a triphasic pattern: (1) forward flow during systole, (2) 
a short period of flow reversal in early diastole, and (3) low-
velocity flow during the remainder of diastole. Arterial Doppler 
signals are altered depending on the pathologic change. The  
four other patterns are examples of common arterial pathologies: 
distal obstruction, inflow obstruction, arteriovenous fistula, and 
pseudoaneurysm.
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that have not dilated may still contain increased blood 
flow signals caused by the fistula.

Iatrogenic communications often arise after selective 
arterial or venous catheterization or other forms of pen-
etrating trauma. The communication can be visualized 
as a “jet of blood” (Video 26-2), with the involved 
vein distended compared to the other side. Blood flow 
signals in the recipient vein also show an arterial-like 
appearance, and the feeding artery can have increased 
diastolic blood flow (Fig. 26-4). The jet of blood 
has high-velocity signals, and on impact against the 
opposite vein wall, it can cause a perivascular vibration 
seen as an artifact on color Doppler imaging.14 An 
important differential diagnosis is compression of a 
vein by a hematoma. Venous compression causes a 
stenosis that increases blood flow velocity signals in the 
vein and mimics the high-velocity signals of a fistula 
(Fig. 26-5).

Masses

The differential diagnosis of perivascular masses is facili-
tated by the use of color Doppler flow imaging, with 
some diagnostic specificity being offered by Doppler 
waveform analysis. Blood flow signals within a mass 
contiguous to an artery suggest the diagnosis of pseu-
doaneurysm. The communication tends to have a wide 
neck if the aneurysm arises at the anastomosis of a syn-
thetic or autologous vein graft.15 With an iatrogenic 
pseudoaneurysm of the native artery, a small-diameter 
channel communicates to a larger, contained collection 
of blood. Color Doppler imaging shows blood flow 

signals in the pseudoaneurysm cavity (Fig. 26-6; Video 
26-3). A typical swirling motion or color yin-yang 
sign is typically seen within the collection itself.16,17 The 
Doppler waveform sampled in the communicating neck 
has a typical appearance (Fig. 26-6, A and B): the channel 
contains a backward-forward or a to-and-fro blood flow 
pattern.18 The to-and-fro pattern of blood flow shows 
rapid inflow into the cavity in systole and a slower, 
lower-amplitude exit of blood during diastole (Fig. 26-6, 
C and D).

Hyperplastic lymph nodes and malignant lymph 
nodes can show both venous and arterial signals radiat-
ing from the hilum of the node (Fig. 26-7). These nodes 
can be mistaken for pseudoaneurysms.19,20 Points to 
consider in the differential diagnosis are (1) detection of 
arterial and venous signals where the communicating 
channel should be located and (2) absence of a to-and-
fro pattern of blood flow.

Tumors can show a “rind” of hypervascularity at their 
periphery, as in thyroid gland adenomas. Arterial aneu-
rysms are easily recognized by their typical location within 
the confines of the arterial wall. Although fusiform aneu-
rysms follow this rule, it may be quite difficult to differ-
entiate a saccular aneurysm from a pseudoaneurysm.21

PERIPHERAL ARTERY DISEASE

Incidence and Clinical Importance

Peripheral vascular disease is at least as prevalent as  
coronary artery disease or cerebrovascular disease.22 

FIGURE 26-3. Normal arterial waveforms. Doppler waveforms at the common femoral and popliteal arteries show triphasic 
patterns.
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FIGURE 26-4. Arteriovenous (AV) fistula of femoral 
vessels after angiogram. A, Color flow Doppler image 
shows a high-velocity jet (arrow) from the common femoral artery 
(A) into the distended common femoral vein (V). B, The arterial-
type signals sampled in the common femoral vein are consistent 
with a large AV fistula showing an arterialized venous blood flow 
pattern.

A

B

FIGURE 26-5. Extrinsic compression of the common femoral 
vein (V) by a large hematoma (H) causes an increase in blood flow 
velocity. This can mimic the increased velocity seen in veins where 
an arteriovenous fistula is present.

FIGURE 26-6. Systolic and diastolic images of pseudoaneurysm. A, Image during end systole shows filling of the pseu-
doaneurysm and swirling motion of blood. B, Image at end systole shows emptying of the pseudoaneurysm through a small, communicating 
channel. C, Spectral Doppler tracing from the neck channel between the common femoral artery and the perivascular collection shows 
the classic to-and-fro waveform of a pseudoaneurysm.

A B C
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Atherosclerosis is a generalized process in which the 
clinical presentation and development of symptoms 
depend on the arterial bed and the target organ. Coro-
nary artery disease and carotid artery disease can present 
in a catastrophic manner, as myocardial infarction (MI) 
and cerebrovascular accident (CVA, stroke), respectively. 
This is very different from peripheral artery disease 
(PAD). Many patients have PAD for years before seeking 
medical assistance.23 This reflects the development of 
collateral arterial channels bypassing the diseased arterial 
segment as it progressively narrows. The collaterals are 
often sufficient to maintain perfusion to the lower 
extremity. The balance between blood supply and oxygen 
demand is maintained as long as the patient does not 
exercise or ambulate too vigorously. In general, patients 
with PAD can go on for years, decreasing their level of 
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FIGURE 26-7. Groin lymph node with Doppler signal. A, Color Doppler signals in the soft tissues of the groin are complex. 
Careful examination shows that these signals are from the center of a structure that is a hyperplastic lymph node (arrows). A, Femoral 
artery; V, femoral vein. B, Spectral Doppler waveform from the center of this mass confirms the presence of a mainly arterial waveform 
and not the to-and-fro waveform of a pseudoaneurysm.

A B

activity as their disease progresses. Disabling claudication 
is therefore more likely to be a presenting symptom in 
the younger patient with high levels of daily activity.

The patient may also seek medical assistance because 
of the development of chronic changes of arterial insuf-
ficiency and poor wound healing. Acute embolic events 
originating from a more proximal arterial lesion, either 
from ulcerated plaques or popliteal aneurysms, can cause 
acute ischemia and extensive tissue loss, leading to ampu-
tation unless an intervention is performed. The wide-
spread use of arterial bypass surgery has modified the 
natural history of PAD. The high patency rates of both 
arterial bypass surgery and similar patency rates for 
angioplasty allow patients who previously would have 
had amputation now to remain asymptomatic24,25 until 
other causes of mortality intercede. Acute cardiovascular 
events (e.g., MI, sudden death) are common causes of 
mortality in these patients, who already have generalized 
atherosclerosis.

Sonographic Technique

Duplex Doppler sonography with gray-scale and Doppler 
spectral analysis is well accepted as the primary noninva-
sive modality for detecting evidence of lower extremity 
bypass graft dysfunction. It can also be used to evaluate 
the success of peripheral angioplasty, atherectomy, and 
stent placement.26-31 Doppler imaging of the leg arteries 
to determine the extent and nature of arterial lesions has 
become practical with the aid of color Doppler flow 
imaging. Although duplex Doppler sonography can be 
used to determine the presence of significant arterial 
lesions, the task of evaluating the whole leg is labor and 
time intensive. It takes 30 to 60 minutes to map out the 

arterial tree of each leg using Duplex ultrasound.32 With 
color Doppler mapping, this task can be accomplished in 
15 to 20 minutes.1 Color Doppler imaging also improves 
the accuracy of Doppler ultrasound as a diagnostic test 
for detecting and grading the severity of PAD.2,29

Lower Extremity

Normal Anatomy

The deep arteries of the leg travel with an accompanying 
vein. The common femoral artery starts at the level 
of the inguinal ligament and continues for 4 to 6 cm 
until it branches into the superficial and deep femoral 
arteries (see Fig. 26-3). The deep femoral artery quickly 
branches to supply the region of the femoral head and 
the deep muscles of the thigh. With PAD, collateral 
pathways often form between this deep femoral artery 
and the lower portions of the superficial femoral or the 
popliteal arteries. The superficial femoral artery contin-
ues along the medial aspect of the thigh at a depth of 4 
to 8 cm until it reaches the adductor canal. At the 
boundary of the adductor canal, the superficial femoral 
artery continues as the popliteal artery. The popliteal 
artery crosses posterior to the knee, sending off small 
geniculate branches, and terminates as two major 
branches: the anterior tibial artery and tibioperoneal 
trunk. The anterior tibial artery courses in the anterior 
compartment of the lower leg after crossing through the 
interosseous membrane. It finally crosses the ankle joint 
as the dorsalis pedis artery. The tibioperoneal trunk 
gives off the posterior tibial and the peroneal arteries, 
which supply the calf muscles. The posterior tibial is 
more superficial than the peroneal artery and can be  
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followed down to its typical location behind the medial 
malleolus.

The blood flow pattern in all these branches is tripha-
sic (Fig. 26-8; see also Fig. 26-2). There is an early sys-
tolic acceleration in velocity, followed by a brief period 
of low-amplitude flow reversal before returning to ante-
grade diastolic flow of low velocity. This pattern can be 
more pulsatile in the profunda femoris artery. Peak sys-
tolic velocity (PSV) varies with the level of the artery, 

typically 100 cm/sec at the common femoral, down to 
70 cm/sec at the popliteal artery. The tibioperoneal 
arteries have PSV of 40 to 50 cm/sec. The response to 
either exercise or transient ischemia is a loss of the 
triphasic pattern and the development of a monophasic 
pattern with antegrade blood flow with loss of early 
diastolic blood flow reversal (Fig. 26-9). Although a 
monophasic pattern can be seen in lower extremity 
disease or after exercise, PSV will be decreased in the 
ischemic limb of a patient with PAD, whereas it is 
increased in a healthy individual after exercise.

Aneurysms

Diagnostic Criteria. Aneurysms develop as the struc-
tural integrity of the arterial wall weakens. Focal enlarge-
ment of the artery is more likely to occur at the level of 
the popliteal or distal superficial femoral artery (Fig. 
26-10). Aneurysms are often bilateral and can remain 
asymptomatic for long periods. Ultrasound has become 
a gold standard in itself for confirming this suspected 
diagnosis.33,34 Although ultrasound can visualize the pro-
gressive thrombosis that fills in the aneurysm lumen to 
the level of the dilated wall, the lumen can appear normal 
at angiography. Ultrasound can be used to follow these 
aneurysms, as done for abdominal aneurysms. Unfortu-
nately, no strict size criteria can be used to determine 
surgical suitability. Empirically, a 2-cm cutoff has been 
adopted.35 The development of symptoms suggestive of 

FIGURE 26-8. Normal triphasic waveform of lower 
extremity arteries.

FIGURE 26-9. Significant arterial disease alters Doppler waveform. Sampling occurring distal to an occlusion. 
Doppler waveform sampled proximal to a high-grade stenosis may be normal or can show loss of the early and then late components of 
diastolic flow. Distal waveform is monophasic, most often with a relatively strong diastolic component; pattern is called a tardus-parvus 
waveform.
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distal embolization by the thrombus accumulating in the 
lumen is an absolute indication for surgical intervention, 
regardless of the size of the aneurysm.35 Aneurysms will 
typically occlude with time due to accumulating throm-
bus (Fig. 26-10, B). Surgical exclusion (ligation of the 
aneurysm) is the traditional treatment. Doppler ultra-
sound can be used to monitor the success of the interven-
tion.36 Aneurysm exclusion with covered stents is an 
alternative therapy to surgical intervention (Fig. 26-11). 
Doppler ultrasound can be used to monitor the patency 
of the stent and the exclusion of the aneurysm from the 
circulation37,38 (Video 26-4).

Doppler techniques are useful in confirming the con-
tinued patency or occlusion of the lumen within the 
aneurysm. A bulge or focal enlargement of 20% of the 
expected vessel diameter constitutes a simple functional 
definition of an aneurysm. Serial monitoring should be 
considered in patients with small aneurysms less than 
2 cm in size.
Diagnostic Accuracy. Direct pathologic verification of 
aneurysms diagnosed by ultrasound has shown that the 
technique is sensitive and specific and also superior to 
contrast angiography. The accuracy of Doppler tech-
niques for confirming patency or occlusion of the lumen 
at the level of the aneurysm has yet to be reported, but 
it is accepted as a gold standard.

Stenoses and Occlusions

Diagnostic Criteria. The effects of peripheral arterial 
lesions are detectable by a change in the blood flow 
pattern seen on the arterial Doppler waveform. At the 
lesion, peak systolic velocity increases (Fig. 26-12; see 
also Fig. 26-1 and Video 26-1), and early diastolic veloc-
ity reversal disappears. Distal to a moderately severe arte-
rial lesion, the early diastolic blood flow reversal decreases 
and ultimately disappears as the lesion becomes more 
severe, and peak systolic blood flow velocity will decrease. 
The diastolic portion of the waveform increases in sig-
nificance with respect to the decreasing peak systolic 
blood flow. On occasion, a high-resistance, monophasic 
pattern with absent diastolic blood flow can be seen, 
likely caused by peripheral vasoconstriction. The low-
resistance pattern distal to the lesion is accentuated as 
the severity of the lesion increases. With severe lesions, 
the blood flow pattern is mainly that of forward flow, 
with end diastolic velocity approaching in amplitude the 
severely depressed peak systolic velocity.

One explanation for the development of this pattern 
is progressive dilation of the arterioles within the distant 
vascular bed due to the release of metabolites caused by 
local ischemia. Another is the development of many small 
collateral branches that diminish the effective resistance 
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FIGURE 26-10. Popliteal artery aneurysm. A, 
Transverse image of the popliteal space demonstrates a large 
aneurysm (arrows) with swirling blood flow pattern. B, Trans-
verse image of the popliteal space of another patient shows a 
thrombosed popliteal artery (arrows) displacing the contiguous 
duplicated popliteal veins. C, Longitudinal gray-scale image 
of a different patient shows a fusiform aneurysm with a large 
amount of thrombus seen in the anterior and posterior walls.
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FIGURE 26-11. Occlusion of popliteal artery stent. A, Color Doppler image of the proximal portion of a covered stent used 
to exclude a popliteal artery aneurysm. Blood flow is seen around the occluded stent, in effect causing a type 1 endoleak. B, Spectral 
Doppler tracing inside the stent confirming occlusion. Some faint venous signals from the contiguous popliteal vein are detected because 
of the high gain settings.
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FIGURE 26-12. Blood flow 
velocity alterations occur 
with stenosis of at least 
50%. Proximal to the lesion, the 
flow pattern is normal. At the stenosis, 
the peak systolic velocity increases in 
proportion to the degree of stenosis. 
Alterations in the diastolic portion of 
the Doppler waveform sampled at the 
lesion depend on the state of the distal 
arteries and the severity and geometry 
of the lesion; diastolic flow may 
increase dramatically or may be almost 
absent.
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of the distal arterial bed. This pattern is present in most 
cases of sufficiently severe proximal lesions, but it may 
not be seen when sampling within an artery segment 
proximal to tandem lesions such as distal high-grade focal 
lesions or occlusions. Signals in the artery proximal to a 
high-grade lesion can show a high-resistance pattern (see 
Fig. 26-9). With absent collaterals, forward blood flow 
can sometimes only be maintained during systole. The 
low-resistance pattern, a slow-rise low-amplitude pattern 
seen distal to segmental occlusions, is called the tardus-
parvus waveform (see Fig. 26-9). Although seen in most 
arterial segments distal to occlusions (Fig. 26-13), the 

low-resistance blood flow pattern may be absent when 
there is peripheral vasoconstriction.

Color Doppler imaging can be used to survey the 
lower extremity arteries and identify likely stenotic 
lesions, through sites where color Doppler image shows 
aliasing (see Video 26-1). Focal areas where the mea-
sured PSV more than doubles from a contiguous and 
normal segment have been shown to correspond to 
lesions of greater than 50% narrowing in the lumen 
diameter of the artery.39 The velocity measured at the 
stenosis is divided by the velocity measured proximal to 
the stenosis. Peak systolic velocity is less sensitive to the 
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effects of vasodilation and vasoconstriction, so it is the 
preferred Doppler velocity parameter used to grade the 
severity of lower extremity arterial stenoses. Either end 
diastolic velocities (example EDVs; e.g., ≥80 cm/sec) or 
PSVs (>200 and >300 cm/sec) can be used as indicators 
of stenosis severity. However, EDV estimates are more 
variable than PSV measurements because EDV changes 
as a function of peripheral vasodilation.
Diagnostic Accuracy and Applications. In their origi-
nal 1987 paper, Kohler et al.32 reported that Doppler 
sonography had a diagnostic sensitivity of 82% and  
a specificity of 92% for detecting segmental arterial 
lesions of the femoropopliteal arteries. They emphasized, 
however, that selective sampling had to be performed 
along the full course of the femoral and popliteal arteries. 
These segments normally measure 30 to 40 cm, so it is 
not surprising that such a survey took 1 to 2 hours to 
perform, especially if the iliac arteries were evaluated.

Color Doppler sonography has been shown to reduce 
by 40% the time needed to examine the carotid artery 
for sites of suspected stenosis.9 A similar effect has been 
shown when color Doppler imaging is used to detect 
lower extremity arterial lesions.1 Diagnostic accuracy is 

also improved with color Doppler imaging compared 
with duplex sonography.2,40 With color Doppler the 
examination time is reduced to 30 minutes.1

Accuracy of color flow imaging of the peripheral  
arteries is almost 98% for distinguishing occlusions  
from nonoccluded segments. Accuracy for the detection 
of stenoses is greater than 85% for the femoropopliteal 
arteries,1,41-43 with some including an evaluation of the 
iliac arteries32,40 and runoff arteries.44 The evaluation of 
the runoff arteries is not as accurate as for the femoro-
popliteal system, especially for the peroneal artery.3,45,46 
However, segments of the tibial arteries might be selected 
as suitable for the distal anastomosis of bypass grafts.47-49 
Also, other imaging modalities might be unnecessary, 
relying exclusively on Doppler ultrasound before lower 
extremity bypass grafting.50-52 This is more likely for 
femoropopliteal bypass grafts.53

Color Doppler imaging is effective in triaging patients 
with symptoms of lower extremity arterial disease, reduc-
ing the need for diagnostic arteriography in more than 
half of patients presenting for clinical evaluation.54 
Doppler sonography can also be used to triage patients 
likely to need peripheral angioplasty, therefore with 
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FIGURE 26-13. Doppler waveforms above, at, 
and below occlusion of superficial femoral 
artery (SFA). A, Doppler image shows aliasing of color flow 
signals in the proximal SFA at the point of severe stenosis. 
Distally, loss of signal in the artery is caused by occlusion. Flow 
is present in area of stenosis because of collateral vessels (not 
shown). B, Doppler waveform sampled more distally confirms 
the absence of blood flow signals, indicating occlusion of the 
SFA (A). C, Downstream from the SFA occlusion, the popliteal 
artery signals are monophasic. Diastolic blood flow is low, 
probably because of peripheral vasoconstriction. There is blood 
flow in this popliteal artery from collateral blood supply (not 
shown).
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better management of more expensive imaging resources 
such as arteriography.29,55-57 No large studies have com-
pared the efficacy of color Doppler imaging and CTA. 
However, cost-effectiveness analysis suggests that either 
color Doppler imaging or MRA can be used to select 
patients for interventions as a substitute for contrast 
arteriography.6

Color Doppler imaging and duplex sonography are 
extremely well suited for the evaluation of sites of per-
cutaneous interventions such as angioplasty, atherec-
tomy, and stent placement (Fig. 26-14). An original 
1992 report indicated that one ultrasound measurement 
made a few days after angioplasty was predictive of lesion 
recurrence.58 Subsequent studies have failed to confirm 
this observation,59,60 but Doppler sonography can be 
used to detect recurrence of stenosis or occlusion at the 
site of a previous intervention. For example, postather-
ectomy results show a higher incidence of reocclusion 
than indicated by patients’ symptoms; atherectomy was 
not as efficient as angioplasty, with more lesion recur-
rences after atherectomy.61 Questions surround whether 
repeat imaging at the site of previous intervention is 
needed, because a repeat intervention might not be done 
if the patient remains asymptomatic.62 It does appear, 

however, that serial monitoring of sites of angioplasty 
and stent placement can predict technical success and 
lesion recurrence.63,64 No data indicate a benefit of 
re-intervention at the site of lesions detected by Doppler 
sonography.26 In fact, Doppler findings suggest that 
primary stent deployment is likely superior to stent 
deployment after angioplasty.30

Color Doppler imaging has been used to guide per-
cutaneous interventions, angioplasty, and stent place-
ment, without the use of contrast arteriography or 
fluoroscopy.59,65 Success rates have been high, but patient 
selection is critical to the success of the procedure.

Upper Extremity

Normal Anatomy and Doppler  
Flow Patterns

The arteries of the upper extremity are accompanied by 
veins: typically, only one vein at the level of the subcla-
vian vein, occasionally duplicated at the level of the 
axillary veins, always duplicated at the level of the bra-
chial veins and more distally. The junction of the sub-
clavian artery with either the right brachiocephalic 
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FIGURE 26-14. Arterial stent. A, Transverse image 
shows an indwelling stent, seen as bright echoes (arrow) in the 
wall of the mid–superficial femoral artery. B, Spectral Doppler 
waveform in the stent is within normal limits at 84 cm/sec 
(arrow). C, Distal to the stent, the blood flow velocities are 
mildly elevated at 145 cm/sec (arrow).
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(innominate) or the left brachiocephalic artery can be 
identified using an imaging window superior to the ster-
noclavicular joint. The artery is located superficial to the 
vein when the transducer is placed in the supraclavicular 
fossa. Near the junction of the middle and proximal 
thirds of the clavicle, it is necessary to use a window with 
the transducer placed on the chest, below the clavicle. 
The artery now lies deep to the subclavian vein. The 
origin of the axillary artery is lateral to the first rib, 
normally near the junction of the cephalic and the axil-
lary vein. The axillary artery can be followed as it courses 
medially over the proximal humerus as it becomes the 
brachial artery. In most subjects the artery can be fol-
lowed to the antecubital fossa, where it trifurcates into 
the radial, ulnar, and interosseous branches. The radial 
and ulnar branches can normally be imaged to the level 

of the wrist. It is also possible to visualize the smaller 
digital branches. The normal flow pattern is triphasic 
and similar to the pattern seen in the leg.

Pathophysiology and  
Diagnostic Accuracy

Most clinical interest in the noninvasive evaluation of 
the upper extremity arterial branches focuses on the (1) 
confirmation of pseudoaneurysms, (2) detection of focal 
stenosis caused by thoracic outlet syndrome (Fig. 26-15), 
(3) confirmation of native arterial occlusion secondary 
to emboli or trauma (Fig. 26-16), (4) detection of 
complications following cardiac catheterization, (5)  
evaluation of dialysis shunts, and (6) preoperative  
evaluation of radial artery patency.

FIGURE 26-15. Thoracic outlet syndrome. A, Normal baseline subclavian artery waveform. B, Altered waveform during hyper-
extension, with compression against the clavicle causing stenosis and thoracic outlet syndrome.

A B

FIGURE 26-16. Normal and abnormal waveforms in brachial arteries. A, Normal waveform pf left side of brachial 
artery resembles the triphasic waveform seen in lower extremity arteries. B, Abnormal waveform of right side of brachial artery is obtained 
distal to a subclavian artery occlusion. The spectral Doppler waveform shows a low-amplitude (parvus) waveform with a slow systolic rise 
(tardus). This tardus-parvus waveform is typical distal to an arterial occlusion.

A B
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Stenosis can be induced in the artery of patients with 
thoracic outlet syndrome by positioning the arm in the 
orientation that normally elicits symptoms, most often 
abducted (Fig. 26-15). Thoracic outlet syndrome is asso-
ciated with distal arterial embolization, probably through 
mechanical forces predisposing the artery to develop an 
aneurysm. Thrombus then forms in the aneurysm and 
can embolize into the digital arteries. The extent of these 
acute or chronic occlusions must be mapped to assess the 
feasibility of bypass surgery before subjecting the patient 
to angiography. Proximal stenoses and occlusions associ-
ated with vasculitis can also be confirmed.66

After cardiac catheterization, suspected occlusions can 
be rapidly confirmed. Large hematomas can be readily 
evaluated and underlying pseudoaneurysms from jeop-
ardized arteriotomy sutures confirmed or excluded. The 
radial artery is occasionally used as an access site for 
cardiac catheterization. Pseudoaneurysms can develop 
following cardiac catheterization67 (Fig. 26-17).

The radial artery can also be harvested and serve as a 
donor conduit for coronary bypass surgery. Confirma-
tion of the integrity of the palmar arch of the hand 
(dominant ulnar artery) is a prerequisite before harvest 
of the radial artery. This can be tested with Doppler 
ultrasound, imaging of the distal radial artery, and  
confirming reversal of blood flow on compression of  
the more proximal radial artery.68,69 Ulnar blood flow 
should increase when the radial artery is compressed and 
occluded.69

VASCULAR AND  
PERIVASCULAR MASSES

Doppler sonography and color flow Doppler imaging 
have the ability to document the presence or absence of 
blood flow within masses located close to vessels or vas-
cular prostheses. Although the presence of blood flow 
within a perivascular mass can be diagnostic of a pseu-
doaneurysm, the absence of blood flow makes it easier 
to justify a more conservative approach. In the case of a 
suspected hematoma, serial follow-up examinations can 
be used to document resolution of the process. In the 

case of a suspected abscess, a biopsy can be performed 
without fear of uncontrolled hemorrhage.

Synthetic Vascular Bypass Grafts

The various complications likely to affect the function 
of synthetic lower extremity bypass grafts15,70 are a func-
tion of the type of graft and time since placement (Fig. 
26-18). In the first and second years after surgery, graft 
failure can result from technical errors or development 
of fibrointimal lesions at the anastomoses. Later failures 
may be caused by the progression of atherosclerotic 
lesions in the native vessels proximal and distal to the 
graft. The late complication of an anastomotic pseudo-
aneurysm occurs on average 5 to 10 years after graft 
placement and preferentially affects the femoral anasto-
mosis of aortofemoral grafts.15,71 Infections can occur 
at any time after graft placement and may be associated 
with development of anastomotic pseudoaneurysm. 
With time, atherosclerotic changes and fibrointimal 
hyperplastic lesions mixed in with areas of chronic 
thrombus deposition can also develop in the synthetic 
graft conduit.

Masses: Hematoma versus 
Pseudoaneurysm

Although the diagnostic accuracy of duplex Doppler 
sonography is greater than 95% for making the diagnosis 
of pseudoaneurysms at the anastomoses of bypass 
grafts, no specific waveform patterns have been 
described.72,73 The addition of color Doppler imaging 
can reveal an almost classic appearance of swirling 
motion of blood in the perivascular mass.15 This sign is 
not specific to a pseudoaneurysm because saccular aneu-
rysms share similar flow patterns. The differential diag-
nosis is normally made when careful real-time imaging 
confirms that the mass is situated beyond the normal 
lumen of the vessel. The to-and-fro sign seen in native 

FIGURE 26-17. Radial artery pseudoaneurysm. 
Pseudoaneurysm (arrows) arising in the radial artery after cardiac 
catheterization.

FIGURE 26-18. Synthetic graft. Gray-scale appearance of 
a synthetic PTFE lower extremity bypass graft (arrows).
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pseudoaneurysms is obtained from Doppler spectral 
analysis of the signal sampled in the communicating 
channel between the perivascular collection and the 
native vessel. This neck often does not exist or is very 
broad, abutting the artery rather than extending as a thin 
structure for a length of a few centimeters. Typically, 
anastomotic pseudoaneurysms do not have any distinct 
communicating channels.

Care must be taken to differentiate perivascular pulsa-
tions transmitted within a hematoma from flowing 
blood. Adjustment of the flow sensitivity of the imaging 
device to minimize this artifact in the normal artery 
proximal or distal to the site of abnormality can help 
eliminate this error. Setting the color velocity scale (peak 
repetition frequency, PRF) to a high value can elimi-
nate this artifact while not hindering the detection of the 
communicating channel.

Occlusions and Anastomotic 
Stenoses

The absence of Doppler signals within a bypass graft is 
diagnostic of an occlusion. An anastomotic stenosis 
will typically cause a marked increase in the Doppler 
velocity signals sampled at the anastomosis or beyond. 
Normally, however, blood flow velocities tend to increase 
as the graft tapers to the anastomosis. Increases in veloc-
ity caused by the geometry of the anastomotic connec-
tion are common and can cause up to a 100% increase 
in velocity without being indicative of a pathologic 
lesion. No studies have addressed the actual incidence 
and significance of this finding. Serial monitoring of 
these sites of disturbed flow may be done on the basis 
that an increase in velocity over a few months is indica-
tive of a developing stenosis.74

AUTOLOGOUS VEIN GRAFTS

Two types of venous bypass grafts are currently used for 
arterial revascularization: the reversed vein and the “in 
situ” vein grafts. The reversed vein is a segment of native 
superficial vein that has been harvested from its normal 
anatomic location, reversed, and then anastomosed to 
the native artery segments proximal and distal to the 
diseased segments. The in situ technique typically uses 
the greater saphenous vein, although the lesser saphe-
nous vein can be used for popliteal-to-distal tibiopero-
neal bypass surgery. The vein is left in its native bed. The 
valves are lysed and the side branches (perforating veins 
that normally communicate to deep venous system) are 
ligated. The proximal and distal portions are mobilized 
and anastomosed to the selected arterial segments.

Three different mechanisms are responsible for bypass 
graft failure. Early failures are seen within 1 month of 
surgery and usually result from technical errors, includ-
ing poor suture line placement, opening of unsuspected 

venous channels in the in situ grafts, poor selection of 
anastomotic sites, and poorly lysed or disrupted vein 
valves. For 2 years after surgery, fibrointimal or fibrotic 
lesions tend to develop either at the anastomosis or 
within the graft conduit, most often at the site of a vein 
valve. Later failures, after 2 years, are thought to result 
from the progressive atherosclerotic process in the 
native vessels proximal and distal to the anastomosis.

Stenosis of Venous Bypass Graft

A decreased blood flow velocity within a vein bypass 
graft indicates a high likelihood of incipient graft occlu-
sion and thrombosis (Fig. 26-19). Bandyk et al.75,76 have 
shown that PSV less than 40 or 45 cm/sec can be used 
to identify such grafts. This diagnostic criterion can 
appropriately identify only the more severely diseased 
grafts.77 It does not identify the site of stenoses likely to 
progress until they become flow restrictive and finally 
result in graft thrombosis.78 The lesions that develop 
within bypass grafts are most often the result of fibro-
intimal hyperplasia, and their presence must be identi-
fied before they can be monitored for possible progression 
of severity. Color Doppler sonography can be used to 
survey the 30 to 80 cm–long bypass graft very efficiently. 
The site of a suspected stenosis can be quickly identified 
and Doppler spectral analysis used to grade the severity 
of the stenosis using the PSV ratio (Fig. 26-20). Power 
Doppler imaging and “B-flow imaging” (a technique 
that visualizes moving blood) can also be used to better 
confirm the presence of any stenotic lesions. The PSV 
ratio is calculated by dividing the peak-systolic velocity 
measured at the suspected stenosis by that measured in 
the portion of the graft 2 to 4 cm proximal (Fig. 26-21). 
Blood flow velocity ratios of 2 or more correspond to 
50% diameter stenosis.32,57 Blood flow velocity ratios 
of 3 or more correspond to 75% diameter stenosis.27,57 
Critical stenoses have been empirically identified as 
those causing a velocity increase by a factor of 3.5, 3.7, 

FIGURE 26-19. Abnormal flow velocity of bypass 
graft. Depressed velocity (<40 cm/sec) in bypass graft in the calf 
indicates a high likelihood for future occlusion. The diastolic 
velocity is still preserved.
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FIGURE 26-20. Focal stenosis of bypass graft in calf. A, Color Doppler sonogram shows a focal site of aliasing with soft 
tissue bruit (arrow). B, Color Doppler image shows corresponding segment of the bypass graft was then sampled by displacing the Doppler 
gate along the graft. A significant increase in peak systolic velocity occurs at the site of aliasing. C, Power Doppler image confirms the 
presence of the lesion (arrow). D, B-flow image also confirms the severity of the stenosis (arrow).
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FIGURE 26-21. Doppler 
flow sampling in graft. 
Diagram shows the various ap-
proaches for sampling the Doppler 
blood flow velocities in bypass 
grafts. Sampling of blood flow ve-
locities at the anastomosis must 
take into account the expected ta-
pering between graft and native 
artery.
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or even 4.0.79,80 The blood flow velocity ratio is very 
accurate for the detection of a stenosis and grading it’s 
severity.81-83 A potential limitation of Doppler imaging 
is the presence of tandem lesions, where the flow field of 
one stenosis overlaps that of another stenosis located 
more distally.84

It is now recognized that the early lesions develop 
within 3 months of surgery and are detectable by sonog-
raphy even before the patient develops symptoms,85 and 
that an early examination identifies most of the lesions 
that will ultimately progress and cause graft thrombo-
sis.86 An intervention, most often a surgical correction of 
the developing stenosis, is indicated for many of these 
“early lesions” because, if left alone, they often progress 
to cause bypass graft occlusion.85,87 Currently, sur-
veillance is focused more on these early lesions, with 
intervention once they reach a certain threshold.88,89 A 
PSV ratio of 4.0 has been accepted as a threshold defin-
ing a critical stenosis requiring treatment.79 Distal tibial 
bypass grafts with decreased end diastolic blood flow 
velocities detected intraoperatively are a high risk for 
subsequent graft failure.90 Preoperative measurement of 
vein diameter also seems to predict different aspects of 
long-term vein bypass success.91 As with native arterial 
disease, ultrasound-guided interventions have shown 
some therapeutic success, without the need for contrast 
during endovascular repair or surgical time for direct 
interventions.92

Arteriovenous Fistula

Persistent AV communication through nonligated per-
forating veins occurs with the in situ technique. AV 
fistulas can easily be missed during or immediately after 
surgery because a significant percentage open in the first 
few postoperative weeks. Color Doppler imaging is a 

simple and elegant way of documenting the presence  
of AV fistulas, although findings can mimic those of a 
stenosis (Fig. 26-22). Intraoperative sonography is used 
to detect fistulas in need of ligation.76 Sites of AV com-
munication between the in situ graft and the deeper 
native veins can be detected postoperatively by Doppler 
ultrasound alone. Ultrasound is typically used as the  
only guide for surgical correction, without the need for 
angiography.93

DIALYSIS ACCESS GRAFTS  
AND FISTULAS

The utility of sonography in the evaluation of dialysis 
AV fistulas and hemodialysis access grafts has been  
controversial.94 However, AV fistulas are the favored 
approach to long-term dialysis despite the large preva-
lence of hemodialysis access grafts in the United States 
(Fig. 26-23).

The native artery-to-vein AV fistula is also preferred 
to ensure long-term hemodialysis. The AV communi-
cation is typically created between the radial artery and 
a superficial vein such as the distal cephalic (Brescia-
Cimino). Its creation requires careful technique, and 
graft maturation typically takes a month.95 Ultrasound 
offers preoperative information on the status of the 
native arteries and veins, which can increase the technical 
success rate of fistula creation.96 Ultrasound measure-
ment of artery diameter can predict failure of the dialysis 
fistula. Proper fistula maturation is critical to the long-
term success of the dialysis fistula. The vein being 
accessed needs to be close enough to the skin for ease of 
access. The vein diameter typically increases as the flow 
rate of the arterialized venous segment increases. Techni-
cal errors in fistula formation, such as kinks and stenoses 

FIGURE 26-22. Bypass graft stenosis and arteriovenous (AV) fistula cause focal elevation of velocity. 
A, Sampling at the site of aliasing of this bypass graft in the calf shows the dramatic increase in blood flow velocity caused by a stenosis. 
B, Sampling of same graft in the thigh shows a dramatically different pattern, with much more flow in diastole and a perigraft tissue bruit 
(arrows). Although this pattern may be seen with a simple stenosis, in this case the elevated blood flow velocity was caused by a patent 
AV fistula arising from the graft at this location.
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and failure to ligate dominant collateral venous path-
ways, can lead to failure of vein maturation. Duplex 
Doppler ultrasound can help identify these fistulas and 
guide successful corrective interventions.97

The alternative type of dialysis access relies on inter-
position grafts, inserted in the forearm, typically 
synthetic polytetrafluoroethylene (PTFE), and rarely 
autologous vein. Problems common to interposition 
access grafts include the development of microaneu-
rysms, larger aneurysms, and stenoses. Color flow 
imaging can readily detect perigraft masses or pseudo-
aneurysm with high accuracy. Color Doppler imaging 
and duplex sonography can be used to detect stenoses, 
with an estimated accuracy of 86%, sensitivity of 92%, 
and specificity of 84%.98 The loss in specificity is caused 
by turbulent flow patterns in the tortuous course of the 
outflow vein and its high baseline velocities. The diag-
nostic accuracy is improved in straight-segment grafts to 
the efferent veins, where the sensitivity increases to 95% 
for a specificity of 97%.98 The addition of color Doppler 
does not seem to improve diagnostic accuracy.99 Graft 
thrombosis ultimately is the source of graft failure and 
is the ultimate outcome of a dialysis graft. Extension of 
the effective lifetime of a dialysis access is critical to the 
dialysis patient because of the limited number of times 
an AV fistula or dialysis graft can be created. Graft 
thrombosis is most often seen secondary to low blood 
flow in the setting of developing stenotic lesions. Duplex 
Doppler ultrasound can be used to detect these lesions. 
However, there is controversy as to whether this infor-
mation extends the lifetime of the access100 or simply 
promotes an increased number of interventions without 
affecting long-term patency.101

Few studies provide diagnostic criteria applicable to 
Doppler ultrasound of hemodialysis access graft steno-
sis.102-104 PSVs in well-functioning dialysis access grafts 
are typically 100 to 200 cm/sec (Fig. 26-24), tending to 
be higher in the first 6 months after graft placement or 

creation of an AV shunt.104 Superimposed stenosis can 
therefore be difficult to detect given the high baseline 
velocities. A blood flow velocity elevation of 100% 
(velocity ratios ≥2) is considered to be consistent with 
the presence of a significant stenosis. Color Doppler, 
power Doppler, and gray-scale images are also useful  
for confirming the presence of an anatomic lesion.102 
Stenotic lesions tend to develop on the venous side of 
the access fistula in more than 80% of cases.105 Occasion-
ally, the stenosis can be at the level of the subclavian vein, 
specifically in individuals who have had hemodialysis 
catheters inserted in the subclavian vein. After percuta-
neous interventions, Doppler ultrasound can be used to 
monitor development of recurrent stenosis. Low blood 
flow states of 50 cm/sec or less are also indicative of a 
high-grade stenosis in the graft conduit or outflow vein.

COMPLICATIONS OF  
INVASIVE PROCEDURES

Duplex and color Doppler sonography are useful for 
evaluating patients who underwent invasive procedures 
and may have AV fistula or pseudoaneurysm. The 
number of cases seen has increased in response to the 
increased use of endovascular procedures. Sonographic 
findings are usually taken at face value, without the need 
for angiography or other imaging tests, before a correc-
tive intervention is performed.

Fistulous Communications

Fistulous communications after cardiac catheterization 
or other angiographic procedures can be quickly detected 
using color Doppler imaging. An area of turbulence is 
normally seen within either the common femoral or the 
profunda femoral vein, with arterialized signals shown 
on the Doppler spectrum (see Fig. 26-4). The actual 

FIGURE 26-23. Dialysis fistula 
types. Brescia-Cimino arteriovenous fistu-
las are created by direct suturing (side to side) 
of an artery to a vein. The interposition grafts 
are created with synthetic PTFE or biologic 
analogs for material bridging the artery to a 
suitable superficial vein.
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Vein
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Artery Vein
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FIGURE 26-24. Normal dialysis graft waveforms. 
A, Normal arterial inflow into a dialysis graft placed in the 
groin. B, Doppler waveform obtained in the graft proper 
with velocities of approximately 200 cm/sec. C, Doppler wave-
form at venous outflow shows normal, persistent evidence of 
turbulence.

fistulous communication can be seen on the color map, 
although it may difficult to localize with duplex sonog-
raphy alone (see Video 26-2). The turbulence associated 
with the fistula can be confused with turbulent signals 
caused by extrinsic compression of the vein by a hema-
toma (see Fig. 26-5), another common complication 
after catheterization. Visualization of the communicat-
ing channel should therefore be done with a high–color 
velocity setting (high-color PRF). An indirect sign of the 
fistula is dilation of the vein and a poor response to 
Valsalva maneuver. With small AV communications, the 
venous velocity signals can easily decrease or disappear 
during Valsalva (Fig. 26-25). Blood flow signals in a vein 
recipient of a large AV fistula communication will not 
decrease during a Valsalva maneuver (Fig. 26-26). Com-
plete abolition of the flow signals during Valsalva sug-
gests that the fistula is small and likely to occlude 
spontaneously over the next few weeks. Transcutaneous 
therapy to achieve closure of the fistula has been 
described using ultrasound monitoring and applying 
pressure over the fistula for 20 to 60 minutes. Success 
rates of transcutaneous repair attempts are 30% or 
lower.106 Another intervention applies a compressive 
bandage over the site; fistulas resolved in 16 patients 

wearing a bandage for 4 to 46 days, with local puncture 
site ulceration seen in two patients and femoral vein 
thrombosis in one patient.107

Pseudoaneurysms

Pseudoaneurysms can develop after penetrating trauma 
or arterial catheterization. The direct communication 
between the pseudoaneurysm and arterial lumen should 
be detectable by color flow Doppler imaging. Often, a 
high-velocity scale (PRF) is needed because blood flow 
velocities can be very high. The duplex sonographic 
finding of a “to and fro” sign is typically detected in the 
communicating channel of the pseudoaneurysm (see Fig. 
26-6 and Video 26-3). The “to” component is caused by 
expansion of the pseudoaneurysm cavity as blood enters 
during systole. The “fro” component is seen during dias-
tole as the blood stored in the cavity is ejected back into 
the artery and is more prominent depending on the 
capacity (size) of the pseudoaneurysm, the compliance 
of the soft tissues surrounding the pseudoaneurysm, and 
the pulse pressure between systole and diastole. Pseudo-
aneurysms can have multiple compartments as well as 
being solitary.
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Once considered a relative medical emergency, man-
agement of pseudoaneurysms has been significantly 
affected by the wide use of sonography. In a group of 
patients on bed rest, Kotval et al.108 found that the 
natural history of pseudoaneurysms is often benign, 
documenting spontaneous closure and thrombosis of  
the patients’ pseudoaneurysms. Fellmeth et al.106 first 
described the use of transcutaneous compression 
therapy of pseudoaneurysms after catheterization, using 
a simple protocol of applying pressure with the ultra-
sound probe over the neck of the pseudoaneurysm. The 
probe was kept along the long axis of the artery as flow 
into the cavity was obliterated, using a sequence of up 
to three transcutaneous pressure applications, each for 
20 minutes. Transcutaneous therapy was successful in 

more than 80% of cases. These authors emphasized the 
need for good analgesia, the increased difficulty of repair 
in anticoagulated patients, and potential complications 
such as arterial or venous thrombosis. Subsequent reports 
have confirmed the high success rates of transcutaneous 
compression,109,110 even in patients undergoing antico-
agulation.111 Other reports describe greater likelihood of 
success for smaller pseudoaneurysms and those with 
longer communicating channels.112,113 Pseudoaneurysms 
arising from other arteries (e.g., axillary,114 brachial115) 
have also been successfully treated with transcutaneous 
compression therapy.

Ultrasound-guided thrombin injection is an alter-
native therapy that has almost completely replaced  
ultrasound-guided compression116-118 (Fig. 26-27; Videos 

FIGURE 26-25. Waveform in femoral vein suggests small arteriovenous fistula. A, Soft tissue bruit is the only 
evidence of an AV fistula. B, Sampling of the Doppler waveform in the nearby native common femoral vein shows a partial response 
(decreasing blood flow velocity) during Valsalva maneuver (HOLD) and return to normal after maneuver (REL). This suggests that the 
AV fistula is small.

A B

FIGURE 26-26. Waveform in femoral vein suggests large arteriovenous fistula. A, Color Doppler image detects 
deep-lying AV fistula; A, common femoral artery; V, common femoral vein. B, Poor response (lack of velocity change) to Valsalva maneuver 
suggests that the AV fistula is relatively large.

A B
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FIGURE 26-27. Femoral artery pseudoaneurysm. A, Longitudinal sonogram of the common femoral artery (A) shows a large 
perivascular fluid collection. B, Color Doppler sonogram shows the yin-yang pattern caused by the swirling of blood in the pseudoaneu-
rysm cavity. Note the thin neck of communication between artery and perivascular collection. Spectral Doppler tracing shows the classic 
to-and-fro waveform of a pseudoaneurysm. C, Diagram showing blood flow as it enters the pseudoaneurysm during systole (to) when 
pressure is higher in the artery than in the cavity. Blood exits during diastole (fro) because the (pressure) energy that has been stored in 
the soft tissues surrounding the collection is now greater than diastolic pressure. 
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D E

D, Ultrasound-guided injection of thrombin to thrombose the pseudoaneurysm. A 25-gauge needle is 
attached to the 1-mL syringe containing the thrombin. E, Longitudinal color Doppler sonogram 2 minutes after thrombin injection shows 
that the lumen of the pseudoaneurysm is filled with echoes representing clot and that it has no blood flow on Doppler examination.

FIGURE 26-27, cont’d. 

26-5 and 26-6). After ultrasound placement of a needle 
in the cavity of the pseudoaneurysm, up to 1000 units of 
thrombin is injected.119-121 The basic protocol of using a 
high concentration of thrombin has been modified to use 
of a dilute solution of 1000 U in 10 or 20 mL of saline, 
with slow injection under ultrasound monitoring. The 
average dose of thrombin can be decreased to 192 U,122 
thereby reducing the risk of inadvertent injection in the 
native arteries. This technique is more efficient and  
has higher success rate121,123 than compression repair.124 
Thrombin injection is also successfully applied to anti-
coagulated patients.125 Even after therapy, however, a 
communicating channel can persist (Fig. 26-28). Use of 
compression ultrasound can still be attempted, especially 
with smaller (<2 cm) pseudoaneurysms.126

Ultrasound surveillance of small pseudoaneurysms 
often shows spontaneous closure. Some suggest using 
thrombin injection even with the smaller pseudoaneu-
rysms to reduce the cost of repeat visits.108,127 Wide-neck 
pseudoaneurysms should likely be managed surgically,128 
given the risk of leakage of thrombin into the native 
artery and subsequent thrombosis.129

Another alternate therapy is the para-aneurysm 
saline injection to compress the pseudoaneurysm 
neck.130 Advantages include the lack of allergic reactions, 
a risk with thrombin. Disadvantages include the need for 
large volumes of saline and accurate placement of the 
needle tip.

CLOSURE DEVICES

The incidence of pseudoaneurysms has apparently 
increased over the last decade. Kresowik et al.131 reported 

incidence rates almost 10 times the 0.5% rate reported 
in the last few decades. Explanations for this increase 
included use of more aggressive anticoagulation and 
larger-sized catheters during angioplasty and stent place-
ment procedures. The duration needed to ensure hemo-
stasis after femoral artery catheterization and removal of 
the catheter remains the most important predictor of 
subsequent pseudoaneurysm formation.132

The use of closure devices to seal the arterial entry site 
seems to have decreased the overall incidence of pseu-
doaneurysm formation.67 When they do occur, however, 
pseudoaneurysms tend to be large and easily identified 
on ultrasound.133 The Angio-Seal device can cause arte-
rial stenosis (Fig. 26-29), or even arterial occlusion, 
from inadvertent displacement of the device’s intra- 

FIGURE 26-28. Persistent neck of pseudoaneu-
rysm. Despite successful thrombosis of a pseudoaneurysm cavity 
(arrow), the small communicating neck remains open. In most 
patients this will occlude spontaneously over the next few hours 
or days.



Chapter 26 ■ The Peripheral Arteries  1019

FIGURE 26-29. Arterial closure device causes stenosis of common femoral artery (CFA). A, Closure device 
(arrow) apposed to the near wall of the CFA. B, Partial downward displacement of this device causes a stenosis and a corresponding 
increase in blood flow velocity.

A B

arterial component.134 The key component of some 
closure devices is an intravascularly placed collagen 
“plug,” which can migrate and fall into the lumen of the 
artery.135 Despite this potential complication, the device 
can also be used in the radial artery.136 As new closure 
devices become available, duplex ultrasound offers the 
ability to evaluate their efficacy by confirming the lack 
of AV fistulas and pseudoaneurysm formation.137

CONCLUSION

Doppler sonography of the peripheral arterial system is 
a cost-effective tool for the workup of various vascular 
pathologies. Doppler sonography is its own “gold stan-
dard” for the diagnosis of aneurysms, AV fistulas, and 
pseudoaneurysms. These diagnostic tasks are facilitated 
by the use of color Doppler blood flow imaging. Color 
Doppler and duplex Doppler sonography can be used to 
survey and study changes in flow dynamics over long 
segments of the peripheral arteries. The integration of 
this diagnostic modality as the main follow-up mecha-
nism for patients with peripheral artery bypass opera-
tions is now well accepted. With recent concerns about 
contrast administration in patients with impaired renal 
function, Doppler sonography offers a cost-effective 
survey of native arterial disease by detecting lesions and 
helping triage patients to surgery or other therapeutic 
options, such as angioplasty or stent placement.
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DIAGNOSTIC SCREENING 
METHODS

The clinical evaluation of the peripheral venous system 
is notoriously difficult and inaccurate. Accordingly, 
numerous imaging and nonimaging methods have  
been developed to aid clinicians with this diagnostic 
problem. These methods can be divided into three main 
categories.

Noninvasive, Nonimaging, 
Physiologic Methods

Noninvasive, nonimaging, physiologic methods rely on 
altered venous flow hemodynamics to infer indirectly the 
presence of venous disease. Examples include plethysmo-
graphic techniques and continuous wave Doppler sonog-
raphy. In general, these techniques are highly operator 
dependent, subjective, and low in specificity and fail to 
define the anatomy. However, they are inexpensive and 
may serve useful screening functions in the hands of 
competent, experienced clinicians.

Invasive Imaging Methods

Conventional venography displays the anatomy of the 
venous system and is the historical standard of venous 
imaging against which all other techniques are measured. 
However, its high relative cost, invasive nature, and  
low but finite risk of contrast reaction and postveno-

graphic phlebitis have led to reluctance to use it.  
Conventional venography also cannot provide physio-
logic information.

Noninvasive Imaging Methods

Real-time imaging with B-mode ultrasound, with the 
addition of duplex Doppler and color flow Doppler 
sonography, provides objective anatomic information 
similar to conventional venography, as well as phy-
siologic information of venous hemodynamics. The  
relatively low cost, noninvasive nature, widespread avail-
ability, portability, and proven high accuracy of ultra-
sound have led to its primary role in the diagnosis of 
venous thrombosis. Sonography has also assumed a role 
in the evaluation of venous incompetence, preoperative 
vein mapping, and evaluation of the venous system for 
patency before the placement of venous catheters.

The peripheral venous system is amenable to evalua-
tion by other imaging techniques as well. Computed 
tomography (CT) continues to evolve with the avail-
ability of multidetector helical CT. The reduced imaging 
times of these techniques allow vascular imaging, which 
is directed primarily at the arterial system (CT angiog-
raphy, CTA), but which also allows exquisite depiction 
of the venous system (CT venography, CTV). A strategy 
of adding pelvic and lower extremity venous evaluation 
to patients undergoing multidetector CT angiography to 
rule out pulmonary embolism has been investigated.1-3 
The Prospective Investigation of Pulmonary Embolism 
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ducers have the ability to steer the Doppler beam at 
angles independent of the imaging beam. Thus,  
shallower Doppler angles can be used, decreasing error 
caused by poor Doppler angles. These considerations are 
even more critical in arterial evaluation. Color flow 
Doppler sonography is the simultaneous display of flow 
information in color superimposed on the gray-scale 
image. This qualitative information demonstrates rela-
tive blood velocity, areas of flow disturbance, and direc-
tion of blood flow. Color flow Doppler ultrasound has 
simplified and decreased examination times in many vas-
cular sonographic studies. This technique permits rapid 
screening of long segments of the venous system and can 
provide critical information, especially in segments not 
amenable to compression, such as the subclavian veins 
or the leg veins in very large or obese patients. Power 
Doppler or Doppler Energy allows angle-independent 
color sonographic imaging and improves detection of 
very slow flow. It may have some advantages over stan-
dard color Doppler imaging in demonstrating small 
veins or veins with slow flow, such as calf veins.

LOWER EXTREMITY VEINS

Anatomy

The venous system of the lower extremities is divided 
into superficial and deep systems. In 2002, an interna-
tional forum of vascular specialists recommended chang-
ing the nomenclature of the superficial veins. This newer 
terminology uses great (vs. greater) saphenous vein and 
small (vs. lesser) saphenous vein in an effort to achieve 
a common international standard.4

The superficial system consists of the great and small 
saphenous veins and their branches. The great saphe-
nous vein arises from the medial aspect of the common 
femoral vein in the proximal thigh, inferior to the ingui-
nal ligament but superior to the bifurcation of the 
common femoral vein (Fig. 27-1). The great saphenous 
vein then extends inferiorly to the level of the foot in the 
subcutaneous tissues of the medial thigh and leg. The 
normal great saphenous vein typically is a single vein that 
is 1 to 3 mm in diameter at the level of the ankle and 3 
to 5 mm in diameter at the saphenofemoral junction. 
These measurements assume importance when this 
vessel is evaluated before it is harvested for use as an 
autologous vein graft.

The small saphenous vein has a variable insertion 
into the posterior aspect of the superior or mid popliteal 
vein. The small saphenous vein then travels in the sub-
cutaneous tissues of the dorsal calf to the ankle. The 
small saphenous vein is normally 1 to 2 mm in diameter 
inferiorly and 2 to 4 mm in diameter at its junction with 
the popliteal vein and is also suitable for autologous graft 
material in many patients. Both the great and the small 

Diagnosis II (PIOPED II) multicenter study demon-
strated that the sensitivity and specificity of combined 
pulmonary CTA and lower extremity ultrasound were 
equivalent to combined CTA and CTV.3 Magnetic reso-
nance imaging (MRI) and magnetic resonance angiogra-
phy and venography (MRA and MRV) also continue to 
evolve and have shown promise in imaging the periph-
eral venous system.

With the high accuracy, portability, availability, and 
low cost of ultrasound, however, as well as potential 
radiation exposure concerns with repeated CT examina-
tions, it is unlikely that CT or MRI will supplant ultra-
sound as the primary screening examination. In most 
centers, sonography is the primary imaging technique 
for lower extremity venous evaluation; MRI and CT 
serve a secondary role, usually in the search for pelvic, 
abdominal, or thoracic deep venous thrombosis. Con-
ventional venography is reserved for unusual problem-
solving situations.

SONOGRAPHIC TECHNIQUE

Gray-Scale Imaging

The relatively superficial location and lack of overlying 
bowel and skeletal structures allow high-resolution 
imaging of most of the peripheral veins, with few excep-
tions. This superficial location favors the use of higher-
frequency transducers. In most patients, a 9-MHz, 
linear, phased array transducer optimizes gray-scale 
imaging of the femoropopliteal and subclavian veins.  
In large patients, or when the iliac veins or the inferior 
vena cava must be evaluated to determine the superior 
extent of thrombus, a 6-MHz or 4-MHz transducer may 
be necessary to obtain adequate depth of penetration. 
Higher-frequency, 9-MHz or 15-MHz transducers  
optimize visualization of more superficial veins, such  
as the great and small saphenous, brachial, and inferior 
calf veins. As in all areas of sonography, the highest-
frequency transducer that gives adequate depth of pen-
etration should be used to optimize spatial resolution.

Doppler Sonography

Doppler sonographic techniques include both quantita-
tive duplex spectral analysis and qualitative color flow 
Doppler sonography. Both techniques have a pivotal role 
in identifying and objectively quantifying disease states 
in the peripheral veins and give sonography the ability 
to detect altered venous hemodynamics. This combina-
tion of anatomic and physiologic information is what 
makes sonography such a powerful tool in the evaluation 
of vascular disease. The same linear, phased array trans-
ducers are coupled with Doppler ultrasound, which  
typically has a lower frequency. Many phased array trans-
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27-1). The common femoral vein bifurcates into the 
deep femoral and femoral veins in the proximal thigh 6 
to 8 cm distal to the inguinal ligament and several cen-
timeters distal to the bifurcation of the common femoral 
artery. The deep (profunda) femoral vein continues to 
lie medial to its respective artery as it travels deep and 
laterally to drain the musculature of the thigh. The deep 

saphenous vein can become abnormally enlarged or vari-
cose when superficial venous incompetence is present.

Evaluation of the lower extremity veins typically is 
directed at the deep system. The common femoral vein 
begins at the level of the inguinal ligament as the con-
tinuation of the external iliac vein and lies just medial 
and deep to the adjacent common femoral artery (Fig. 
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FIGURE 27-1. Anatomy of the lower extremity veins.
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erative patients. Their variability often makes complete 
evaluation and detection of DVT suboptimal.

Deep Venous Thrombosis

The true incidence of acute DVT and its major compli-
cation, pulmonary embolism, is not known. In the 
United States the incidence of DVT and pulmonary 
embolism is 70 cases per 100,000 people. Each year, as 
many as 600,000 Americans have a pulmonary embo-
lism (Fig. 27-2), and 100,000 die as a result.6 Approxi-
mately 200,000 patients are hospitalized each year for 
the treatment of acute DVT, although the majority of 
patients with DVT are asymptomatic.7,8 The difficulty 
in making the diagnosis results mainly from the inac-
curacy of the clinical evaluation.

The signs and symptoms of acute DVT include pain, 
erythema, and swelling. These findings are nonspecific 
and can be caused by several local or systemic conditions. 
The presence of a palpable “cord,” or thrombosed vein, 
most often is caused by superficial thrombophlebitis, 
which is not usually associated with DVT. These factors 
contribute to a clinical accuracy of approximately 50% 
for the diagnosis of acute DVT in symptomatic 
patients.8-10 In fact, most hospitalized patients at high 
risk for developing acute venous thrombosis are asymp-
tomatic.8 In our vascular laboratory, only 11% of patients 
referred for suspected acute DVT in 2001 had positive 
findings on sonographic examination.

Because acute DVT is a difficult clinical diagnosis to 
make and may have severe complications if untreated, 

femoral vein typically bifurcates extensively, and only the 
superior portion can be evaluated.

The femoral vein extends inferiorly in the fascial 
space deep to the sartorius muscle, medial to the quad-
riceps muscle group, and lateral to the adductor muscle 
group. The femoral vein remains medial to the superfi-
cial femoral artery until it passes through the adductor 
canal in the distal thigh. The adductor canal is formed 
by a separation in the tendinous insertion of the adduc-
tor magnus muscle. This canal is deep in the distal thigh 
and consists of dense aponeurotic and tendinous tissue. 
This makes visualization and compression of this segment 
of the inferior femoral vein difficult in large patients. 
The femoral vein is the continuation of the common 
femoral vein and is a deep vein, but its classic descriptive 
anatomic nomenclature “superficial” is unfortunate. 
Studies of family practitioners and general internists have 
shown a poor understanding of the anatomy of the deep 
venous system of the leg. One study showed that 76% 
of these physicians would not treat a patient with throm-
bosis of the femoral vein with anticoagulation because it 
is a “superficial” vein.5 This suggests that radiologists 
should limit the use of the term superficial femoral vein 
and use the more generic term femoral vein instead. The 
popliteal vein is the continuation of the femoral vein as 
it exits the adductor canal in the popliteal space of  
the posterior distal thigh. At this level, the popliteal vein 
lies immediately superficial to the popliteal artery as it 
passes through the popliteal space into the upper calf. 
Duplication of the femoral and popliteal veins is seen  
in up to 20% and 35% of patients, respectively. This 
anatomic variant is important to keep in mind because 
acute deep venous thrombosis (DVT) in one branch of 
a paired system can be overlooked during ultrasound 
examination.

The first deep branches of the popliteal vein are the 
paired anterior tibial veins, which accompany the cor-
responding artery into the anterior compartment of the 
calf. These veins continue inferiorly along the anterior 
surface of the interosseous membrane to the dorsal aspect 
of the foot. Shortly after the origin of the anterior tibial 
veins, the tibioperoneal venous trunk bifurcates into 
paired peroneal and posterior tibial veins. The peroneal 
veins lie adjacent to the peroneal artery and medial to 
the posterior aspect of the fibula. The fibula is an impor-
tant landmark for the localization of these veins. The 
posterior tibial veins accompany the artery deep in the 
musculature of the calf, posterior to the tibia. Visualiza-
tion of the superior portion of the posterior tibial veins 
can be difficult in the calves of muscular or obese patients. 
However, these veins are easier to identify as they pass 
posterior to the medial malleolus and often can be evalu-
ated in a retrograde manner.

Numerous deep veins drain the musculature of the 
calf. These gastrocnemial and soleal veins do not have 
accompanying arteries and vary in size and extent. They 
are a common site of acute DVT in high-risk or postop-

FIGURE 27-2. Acute pulmonary embolism. Contrast-
enhanced 64-slice chest CT scan demonstrates acute pulmonary 
embolism in the pulmonary arteries bilaterally.
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through the popliteal trifurcation. Many modifications 
or additions to this standard compression ultrasound 
examination can be used.
Examination Modifications. The pelvic venous system 
is less well visualized because of its depth and overlying 
bowel gas. However, duplex spectral analysis of the 
common femoral vein while the patient performs the 
Valsalva maneuver can provide indirect evidence of 
patency of the pelvic veins. In normal subjects, there is 
constant antegrade venous flow with slight superimposed 
variation with each respiratory phase. During the Val-
salva maneuver, a short period of flow reversal is followed 
by no flow because of increased intra-abdominal pressure. 
With release of the Valsalva maneuver, there is nor-
mally an abrupt increase in forward venous flow, which 
quickly returns to baseline (Fig. 27-4, A). Patients with 
complete obstruction of the common or external iliac 
vein will have decreased or absent flow and loss of varia-
tion with respiration. There is no change in this spectral 
pattern with the Valsalva maneuver (Fig. 27-4, B). Slug-
gish venous flow may also be appreciated with standard 
real-time imaging because echogenic red blood cell rou-
leaux become visible (Videos 27-2 and 27-3). The Val-
salva maneuver provides indirect physiologic evidence of 
venous patency from the level of the common femoral 
vein through the inferior vena cava.

False-negative examinations may occur with this indi-
rect portion of the examination because of nonocclusive 
thrombus in the iliac veins and patients with well-devel-
oped pelvic venous collaterals. Both these conditions 
may result in a normal response to the Valsalva maneu-
ver. In patients with an abnormal Valsalva maneuver or 
a clinical suspicion of pelvic DVT, dedicated pelvic 
venous ultrasound can be of value. In thinner patients 

including pulmonary embolism and postphlebitic syn-
drome, an accurate noninvasive method is required to 
establish the diagnosis. Numerous studies and extensive 
clinical experience have proved that sonography is an 
ideal technique for this purpose.

Ultrasound Examination

Evaluation of the deep venous system of the leg in patients 
with suspected acute DVT relies primarily on gray-scale 
imaging and venous compression in the transverse plane, 
with color flow Doppler sonography frequently added. A 
9-MHz linear array transducer is suitable for most 
patients. With mild pressure applied to the leg by the 
transducer, a normal vein will collapse completely, and 
the vein walls will coapt (Fig. 27-3; Video 27-1). The 
degree of pressure required varies depending on the depth 
and location of the vein, but it is always less than that 
required to compress the adjacent artery.

The patient is examined in the supine position. The 
leg is abducted and rotated externally, with slight flexion 
of the knee. The standard examination begins with the 
superior aspect of the common femoral vein immediately 
distal to the inguinal ligament. The veins are visualized 
in the transverse plane and compressed in a stepwise 
fashion every 2 to 3 cm through the level of the inferior 
aspect of the femoral vein in the adductor canal. The 
proximal deep femoral vein and great saphenous vein are 
also visible in this plane and can be evaluated in most 
patients. The popliteal vein is evaluated best with the 
patient prone and the foot resting on a pad to maintain 
slight knee flexion. The left lateral decubitus position 
also provides adequate visualization. In these positions, 
transverse compression sonography can be carried out 

A

Non comp Comp

A

FIGURE 27-3. Normal venous compression sonography. Transverse image of the common femoral artery (A) and vein 
(arrows) without compression (NON COMP) and with compression (COMP) with the sonographic transducer. The normal vein collapses 
completely with compression.
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the segment.11 Color flow Doppler ultrasound may have 
some advantages over standard compression techniques 
in patients with chronic DVT as well.11,12

Evaluation of the calf veins is an additional modifi-
cation of the standard examination that is aided by color 
flow Doppler techniques,8-10 but the clinical value and 
cost-effectiveness of this evaluation are controversial. In 
some medical centers, the lower leg is not evaluated 
because it is rare for isolated calf DVT to cause signifi-
cant pulmonary emboli.13 In other medical centers, the 
calf is evaluated routinely in patients with localized 
symptoms below the knee because of the 20% incidence 
of clot propagation and the increased incidence of post-
phlebitic syndrome and significant venous insufficiency 
after untreated calf thrombus. Given these local practice 
preferences, it is possible to evaluate the tibial and pero-
neal veins of the calf in many patients, with a sensitivity 
of 92.5% and specificity of 98.7%.12,14-16

the iliac veins may be visualized directly. A 6-MHz or 
4-MHz transducer with color flow Doppler capability 
may provide adequate visualization. Performing the 
ultrasound examination after an overnight fast decreases 
bowel gas and can improve visualization of the pelvic 
veins. If the pelvic veins are poorly seen on ultrasound 
and there is a high suspicion of pelvic vein DVT or 
extrinsic compression, contrast-enhanced CT is usually 
performed as the next diagnostic examination.

The addition of color flow Doppler sonography is 
a useful modification of the standard compression  
examination. In normal veins, color should fill the vessel 
lumen from wall to wall with little or no color aliasing 
outside the vessel lumen. Venous flow augmentation 
by squeezing the calf is often necessary to produce com-
plete color filling. Color flow Doppler ultrasound can 
help in evaluating venous segments that are poorly seen 
because of the patient’s size or the deep location of  

Valsalva

Valsalva

A B

C

FIGURE 27-4. Iliac vein occlusion with Val-
salva maneuver. A, Normal response. Longitudinal 
image of the common femoral vein (CFV) with duplex spec-
tral analysis shows a normal response to Valsalva maneuver. 
At start of the Valsava maneuver, there is a short period of 
flow reversal (straight arrow), followed by no flow through-
out the remainder of Valsalva. With release of Valsalva 
maneuver, normal flow returns (curved arrow). B, Abnormal 
response. Duplex spectral analysis shows no response to 
Valsalva maneuver. C, Malignant adenopathy (arrows) 
encasing the external iliac artery (curved arrow). The external 
iliac vein is occluded by the adenopathy.
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anechoic, and gray-scale imaging alone can be mislead-
ing. Therefore, the lack of complete venous compres-
sion is the hallmark finding of DVT. Venous distention 
by thrombus can be seen acutely in patients but is less 
common as the clot ages and becomes organized. Changes 
in vein caliber with respiration and the Valsalva maneu-
ver are lost in patients with DVT (Video 27-5). This 
finding is present only in the proximal thigh, so it is not 
usually helpful below the bifurcation of the common 
femoral vein.

Color flow Doppler ultrasound depiction of DVT 
relies on identifying either a persistent filling defect or 
thrombus in the color column of the vessel lumen (Fig. 
27-5) or the absence of flow. Color flow sonography 
depicts the degree of venous obstruction and any residual 
patent lumen. It is most helpful in deep segments of the 
thigh, pelvic, and calf veins.

Diagnostic Accuracy

The accuracy and clinical utility of sonographic assess-
ment of DVT have been studied extensively. The patient 
population is of critical importance and should be con-
sidered in two broad groups: symptomatic and asymp-
tomatic patients. In symptomatic patients, studies 
comparing venography with compression sonography 
have shown an average ultrasound sensitivity of 95% and 
specificity of 98%.22 Studies of asymptomatic, high-
risk, or postoperative patients have shown poorer results. 
Pooled results of six studies showed an average sensitivity 
of 59% and specificity of 98% in an asymptomatic pop-
ulation.23 The small size, nonocclusive nature, and higher 
prevalence of isolated calf thrombi in this group of 
patients undoubtedly account for the lower sensitivity, 
because these are more difficult to diagnose with ultra-
sound than venography. Given these results, the ideal 
patient for sonographic evaluation has symptoms that 
extend above the knee.

Chronic Deep Venous Thrombosis

The ability to characterize DVT as acute or chronic is a 
difficult clinical and imaging problem. Serial studies of 
patients with acute DVT show that up to 53% have 
persistent abnormal findings on compression ultrasound 
done 6 to 24 months later.24,25 These patients may 
present with postphlebitic syndrome and have symptoms 
that mimic those of acute DVT. Anticoagulation therapy 
is not indicated for these patients. Venography has been 
the standard imaging method for distinguishing between 
acute and chronic DVT. However, cost considerations 
and invasiveness have relegated venography to a prob-
lem-solving role in most medical centers.

As an acute thrombus ages, it undergoes fibroelastic 
organization, with clot retraction, chronic occlusion, 
or wall thickening of the involved segment (Fig. 27-6). 
These changes lead to poor visualization of the clot  

In 2007, the Intersocietal Commission for the Accred-
itation of Vascular Laboratories (ICAVL) altered its stan-
dards to require routine examination of the posterior 
tibial and peroneal veins during all lower extremity ultra-
sound examinations performed by ICAVL-accredited 
vascular laboratories.17

Patients can be positioned so they are prone, in the 
left lateral decubitus position, or in the sitting position. 
Tilting the examination table into a reverse Trendelen-
burg position or having the patient sit improves visual-
ization by distending the calf veins and decreases the 
indeterminate examination rate. The paired posterior 
tibial and peroneal veins are imaged with the trans-
ducer placed over the posterior calf. Compression ultra-
sound in the transverse plane and color Doppler 
sonography with augmentation of venous flow can be 
used to confirm venous patency. The anterior tibial veins 
can be evaluated from an anterior approach. Since 
thrombus isolated to these veins is rare, anterior exami-
nation is not necessary if the peroneal and posterior tibial 
veins are well seen and normal.12 The deep veins of the 
gastrocnemius and soleus muscles do not have an accom-
panying artery and have variable anatomy. As such, they 
are not routinely included in the calf vein examination 
at most centers. However, compression ultrasound eval-
uation of the muscular veins has been shown to be an 
accurate technique with a sensitivity and specificity 
similar to that of the posterior tibial and peroneal veins.18 
In centers where calf DVT is treated with anticoagula-
tion, the muscular calf veins should be included as part 
of the ultrasound examination.

A proposed modification of the standard examination 
would greatly abbreviate the examination.19,20 A limited 
venous compression sonographic examination of only 
the common femoral and popliteal veins in symptom-
atic patients would result in significant time savings, 
with a minimal decrease in sensitivity. It has been argued 
that this can be justified because of the relative rarity of 
isolated femoral vein or iliac vein thrombosis, because 
calf vein thrombosis is clinically less important, and 
because there will be potential cost savings from a short-
ened examination. Frederick et al.21 recently reported a 
4.6% incidence of isolated thrombosis of the femoral 
vein. It is doubtful that the cost savings of limited com-
pression ultrasound will justify this reduced accuracy. 
Complete compression ultrasound from the superior 
aspect of the common femoral vein through the inferior 
aspect of the popliteal vein remains the standard of care.

Sonographic Findings

The gray-scale compression sonographic findings of 
acute DVT are based on direct visualization of the 
thrombus and lack of venous compressibility (Fig. 27-5; 
Video 27-4). Visualization of thrombus is variable, 
depending on the extent, age, and echogenicity of the 
clot. Unfortunately, some acute thrombi may be 
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color flow Doppler imaging include irregular echogenic 
vein walls, thickening of the vein walls due to retracted 
thrombus, calcified retracted thrombus, decreased diam-
eter of the venous lumina, atretic venous segments,  
well-developed collateral veins, associated deep venous 

and incomplete venous compression (Videos 27-6 and 
27-7). Although compression sonography has a lesser 
role in the diagnosis of chronic DVT, color flow Doppler 
ultrasound often is valuable in differentiating acute from 
chronic DVT. Findings suggestive of chronic DVT with 
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FIGURE 27-5. Acute deep venous thrombosis (DVT): spectrum of appearances. Acute hypoechoic thrombus filling 
and distending various deep veins of the lower extremity. A, Longitudinal image of acute thrombus in the common femoral vein (straight 
arrows) and great saphenous vein (curved arrow) at the level of the saphenofemoral junction. B, Longitudinal image of acute thrombus 
(arrows) in the superior aspect of the femoral vein (SFV). Note patency of the superior aspect of the deep femoral vein (DFV). C, Longi-
tudinal image of the inferior aspect of the femoral vein showing distention by acute occlusive thrombus (arrow). D, Transverse compression 
image of acute DVT in the popliteal vein (arrows), which does not compress. The popliteal artery is patent (arrowheads). E, Longitudinal, 
and F, transverse, images of acute DVT in paired posterior tibial veins (PTV; arrows). The posterior tibial artery (PTA) is patent 
(arrowheads).
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organization and retraction present in the organizing 
thrombus secondarily involve any adjacent venous valve. 
This leads to deep venous insufficiency, which develops 
in approximately half of patients with acute DVT.27 
With venous insufficiency, there is direct transmission 
of the hydrostatic pressure of the standing column of 
fluid in the venous system to the distal leg. Clinically, 
this leads to leg swelling, chronic skin and pigmentation 
changes, woody induration, and finally, nonhealing 
venous stasis ulcers.

Superficial venous insufficiency leads to distended 
subcutaneous varicosities but has a much better prog-
nosis. Perforating veins communicate from the superfi-
cial to the deep system and may also become incompetent, 
typically because of long-standing deep venous 
insufficiency.

Ultrasound Examination

The examination is performed with the patient in an 
upright or semi-upright position, with the body’s weight 
supported by the contralateral leg. This positioning is 
necessary to create the hydrostatic pressure needed to 
reproduce venous insufficiency. Duplex spectral analysis 
is obtained at several levels of the deep and superficial 
venous system during provocative maneuvers. Duplex 
Doppler tracings in the common femoral vein and supe-
rior aspect of the great saphenous vein are obtained 
during Valsalva maneuver. Several spectral tracings are 
obtained in the deep and superficial venous systems to 
the level of the popliteal and saphenous veins at the knee. 
Reverse augmentation by squeezing the proximal thigh 

insufficiency, and absence of distended veins containing 
hypoechoic or isoechoic thrombus (Fig. 27-7). Some 
centers use ultrasound to follow all patients with acute 
DVT until complete resolution or until changes of 
chronic DVT have stabilized. These patients then have 
baseline ultrasound studies that permit new or superim-
posed acute DVT to be more readily identified.

Superficial Venous Thrombosis

Superficial venous thrombosis (SVT) or superficial 
thrombophlebitis refers to thrombus located in the great 
or small saphenous vein or in superficial varicosities. 
SVT does not have the same clinical implications as 
DVT and is usually treated symptomatically with heat 
and aspirin. The exception is when SVT extends superi-
orly to within 2 cm of the deep venous system (Fig. 
27-8). Generally, patients with SVT will have progres-
sion into the deep system in 11% of cases. However, 
almost all patients with SVT involving the superior 
aspect of the great saphenous vein will progress if not 
anticoagulated.26 Thus, most centers anticoagulate 
patients with SVT involving the great or small saphe-
nous vein if it extends to within 2 cm of the sapheno-
femoral or saphenopopliteal junction.

Venous Insufficiency

Pathophysiology

In many patients, deep venous insufficiency is caused by 
venous valvular damage following DVT. The fibroelastic 

A B

FIGURE 27-6. Evolution of acute to chronic deep venous thrombosis. A, Longitudinal color Doppler image shows 
acute thrombus in the popliteal vein (arrows). B, Color Doppler image after 2 months on anticoagulation therapy shows partial recana-
lization of the popliteal vein with retracted chronic DVT remaining (arrows).
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returning blood closes the first competent venous valve 
(Fig. 27-9, A). Distal augmentation can be performed 
manually or with automated devices that inflate every 5 
to 10 seconds. The automated devices provide more 
reproducible calf compression and increase the ease of 
the examination. Insufficient veins have a greater degree 
of reversed flow for a longer period (Fig. 27-9, B; Videos 
27-8 and 27-9). Quantification schemes have been pro-
posed by evaluating peak flow during venous reflux and 

or standard distal venous augmentation by squeezing the 
calf can be used to assess for insufficiency. Distal aug-
mentation is more reproducible and thus easier for a 
single examiner to perform.

Sonographic Findings

After brisk distal augmentation, the flow in normal veins 
is antegrade, with a very short period of flow reversal as 
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FIGURE 27-7. Chronic deep venous thrombosis. A and B, Longitudinal images of chronic retracted thrombus (arrows) along 
femoral vein walls. C, Longitudinal image of irregular wall thickening (arrows) of the inferior aspect of the common femoral vein and 
superior aspect of the femoral vein. D, Longitudinal image of an atretic, chronically occluded femoral vein (arrows). E and F, Longitudinal 
images of intraluminal webbing (arrows) in the common femoral vein. G, Longitudinal image of chronic calcific thrombus in the femoral 
vein (arrow). H, Transverse image of chronic calcific thrombus in a muscular vein of the calf (arrow). I, Transverse image of several col-
lateral veins (arrows) near the popliteal vein and artery.



Chapter 27 ■ The Peripheral Veins  1033

ficial vein can be used, but the great saphenous vein is 
the most suitable for graft purposes. The examination is 
performed with the patient in the supine or reverse Tren-
delenburg position. A tourniquet or blood pressure cuff 
that is inflated to 50 mm Hg and placed around the 
proximal thigh can be used to increase venous distention 
and to aid in mapping. The great saphenous vein is 
identified and marked from the level of the sapheno-
femoral junction to as far inferiorly as possible. All major 
branch points should also be marked to aid the surgeon. 
A superficial vein typically needs to be larger than 3 mm 

measuring the length of time that reflux occurs. These 
quantification schemes are somewhat subjective and 
need to be validated in each vascular laboratory.

Venous Mapping

Vein Harvest for Autologous Grafts

Ultrasound mapping and marking are helpful in many 
patients before a vein is harvested as autologous graft 
material for a peripheral arterial bypass graft. Any super-

A B

FIGURE 27-8. Superficial venous thrombosis with deep venous extension. A, Longitudinal gray-scale, and B, color 
Doppler, images of the right great saphenous vein and saphenofemoral junction. Echogenic thrombus extends from the great saphenous 
vein along the anterior wall of the common femoral vein (arrows).

Augmentation Augmentation
A B

FIGURE 27-9. Venous insufficiency. A, Duplex spectral analysis of the popliteal vein shows a normal waveform with distal aug-
mentation. Note no reversal of flow following distal augmentation. B, Duplex spectral analysis of the great saphenous vein shows prolonged 
reflux after distal augmentation, consistent with severe superficial venous insufficiency.
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vein is located superficially in the medial aspect of the 
arm. At the level of the teres major muscle, it joins with 
the paired deep brachial veins. The brachial veins are 
smaller, deeper, and adjacent to the brachial artery. The 
level where the brachial and basilic veins join, at the teres 
major muscle, defines the lateral aspect of the axillary 
vein. The axillary vein is adjacent and superficial to the 
axillary artery as it passes from the teres major muscle to 
the first rib through the axilla.

As the axillary vein crosses the first rib, it becomes the 
lateral portion of the subclavian vein. The subclavian 
vein is inferior and superficial to the adjacent artery as 
it passes medially deep to the clavicle. The medial portion 
of the subclavian vein receives the smaller external jugular 
vein and the larger internal jugular vein in the base of 
the neck to form the brachiocephalic (innominate) vein. 
The internal jugular vein extends from the jugular 
foramen in the base of the skull to the confluence with 
the subclavian vein. The internal jugular vein travels in 
the carotid sheath and is superficial and lateral to the 
common carotid artery in the anterior neck. The left and 
right internal jugular veins are often unequal in size. The 
brachiocephalic vein is formed by the confluence of the 
subclavian and internal jugular veins. The right brachio-
cephalic vein travels along the superficial aspect of the 
superior right mediastinum. The left brachiocephalic 
vein is longer and passes from the left superior medias-
tinum to the right, just deep to the sternum. The right 
and left brachiocephalic veins join to form the superior 
vena cava.

Clinical Background

The most common indication for ultrasound evaluation 
of upper extremity veins is to identify venous thrombo-

in diameter, but not varicose, to be suitable graft  
material. The small saphenous vein, cephalic vein, and 
basilic vein are secondary choices and can be used if the 
great saphenous vein has already been harvested or is 
inadequate.

Insufficient Perforating Vein Marking

Newer surgical techniques of subfascial endoscopic liga-
tion of insufficient perforating veins are being used in 
some medical centers to treat chronic venous stasis 
changes and nonhealing venous ulcers. These techniques 
are aided by accurate localization and marking of insuf-
ficient venous perforators. The majority of perforating 
veins are located below the knee in the medial calf. In 
an upright patient, distended perforating veins are visible 
as they pass from the subcutaneous tissues through the 
superficial fascia into the deep muscles of the calf. These 
are easily visible on standard gray-scale imaging, and 
insufficiency can be documented with duplex spectral 
analysis and flow augmentation (Fig. 27-10). Competent 
perforating veins are much smaller in caliber and often 
are difficult or impossible to visualize.

UPPER EXTREMITY VEINS

Anatomy

Venous return from the arm is primarily through the 
superficial cephalic and basilic veins. The cephalic vein 
travels in the subcutaneous fat of the lateral aspect of the 
arm. The cephalic vein joins with the deep venous system 
at the medial aspect of the axillary vein or the lateral 
aspect of the subclavian vein (Fig. 27-11). The basilic 

FIGURE 27-10. Incompetent perforating vein. 
Gray-scale image and spectral analysis of a dilated perforat-
ing vein (curved arrow) passing through the fascial plane 
(arrows) between the subcutaneous fat and musculature into 
a superficial varicosity (arrowheads). Duplex spectral analysis 
shows reversed flow in the perforating vein indicating 
incompetence.
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and nonhealing venous ulcers are rare in the arm because 
of two major factors. First, multiple extensive collateral 
venous pathways usually develop in the arm and upper 
thorax after an episode of thrombosis or venous obstruc-
tion. Second, the arm veins are not exposed to the high 
hydrostatic pressure of leg veins. Chronic occlusion 
related to intravenous catheter use and venous thrombo-
sis has made obtaining suitable central venous access 
difficult in many hospitalized and chronically ill patients. 
Sonography is ideal for identifying suitable sites for 
venous access. In difficult cases, direct real-time ultra-
sonic guidance can be used for placement of venous 
catheters.

Venous Thrombosis

Ultrasound Examination

Evaluation of the venous system of the upper thorax and 
arm typically extends from the superior aspect of the 
brachiocephalic veins through the axillary or brachial 

sis. The cause and clinical significance of acute DVT of 
the upper extremity differ from those of acute DVT of 
the lower extremity. Most cases of arm DVT are thought 
to be caused by the presence of a central venous cath-
eter or pacemaker lead (Video 27-10). Of patients 
with central venous catheters, 26% to 67% develop 
thrombosis, although the majority are asymptomatic.28,29 
Radiation therapy, effort-induced thrombosis, and 
malignant obstruction are causes of venous obstruction 
that are more common in the thorax and arm than in 
the leg. Although the cause of upper extremity DVT 
differs from that of the lower extremity, the pathophysi-
ology of its evolution is similar.

The sequelae of upper extremity thrombosis are  
less severe than those of lower extremity thrombosis. 
Only 10% to 12% of patients with arm DVT develop 
pul monary emboli, and the majority of these are insig-
nificant30-32 (Video 27-11). The development and 
manifestations of venous stasis and venous insufficiency 
caused by DVT in the arm are less common and less 
severe than in the leg. Chronic swelling, skin changes, 

Brachiocephalic v.
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Brachial vv.

Basilic v.

IJV

FIGURE 27-11. Anatomy of the upper extremity veins. IJV, Internal jugular vein.
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veins. The internal jugular veins are also studied. The 
patient is positioned supine, with the arm to be exam-
ined slightly abducted and rotated externally. The 
patient’s head is turned slightly to the opposite side. The 
highest-frequency transducer that still provides adequate 
depth of penetration is used. Typically, a 9-MHz linear 
array transducer is used for the internal jugular vein and 
the arm veins through the axillary vein. A 6-MHz trans-
ducer with color Doppler ultrasound capability is often 
necessary to visualize the subclavian vein.

Evaluation of the venous system of the upper thorax 
and arm presents several technical challenges different 
from the lower extremity. First, the overlying skeletal 
structures and the lung make direct visualization and 
examination of the inferior aspects of the brachioce-
phalic veins and the superior vena cava impossible. 
Second, the clavicle precludes compression ultrasound of 
the subclavian vein. Third, the typical development of 
large venous collateral pathways in patients with venous 
obstruction can be confusing or may lead to false- 
negative sonographic results if they are not recognized as 
collateral pathways. For these reasons, color flow Doppler 
sonography, attention to detail, and knowledge of the 
normal anatomic relationships are crucial.

The internal jugular vein is examined initially with 
compression sonography in the transverse plane and is 
followed inferiorly to its junction with the subclavian 
and brachiocephalic veins. An inferiorly angled, coronal, 
supraclavicular approach with color flow Doppler sonog-
raphy is necessary to evaluate the superior portion of the 
brachiocephalic vein and the medial portion of the sub-
clavian vein. Duplex Doppler sonographic analysis of the 
inferior internal jugular vein, superior brachiocephalic 
vein, and medial subclavian vein is helpful to assess trans-
mitted cardiac pulsatility and respiratory phasicity. Due 
to the proximity to the heart, duplex Doppler spectral 
tracings in these sites will show greater transmitted pul-
satility than in the leg veins. Loss of this pulsatility may 
be caused by a more central venous obstruction (Fig. 
27-12). Comparison of these Doppler ultrasound wave-
forms with those from the contralateral arm is often 
helpful to confirm the presence or absence of venous 
obstruction. Response to Valsalva maneuver or a brisk 
inspiratory sniff can also be observed and may help eval-
uate venous patency. When a normal patient sniffs, the 
internal jugular vein or subclavian vein will decrease in 
diameter, and spectral analysis will show an increase in 
blood velocity. Patients with central brachiocephalic vein  
or superior vena cava obstruction lose this response  
(Fig. 27-13).

The subclavian vein is difficult to visualize com-
pletely. A coronal, supraclavicular, inferiorly angled 
approach is used medially, and a coronal, infraclavicular, 
superiorly angled approach is used laterally. The venous 
segment deep to the clavicle often is imaged incom-
pletely. Because of the overlying clavicle, color flow 
Doppler sonography is necessary to confirm complete 
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FIGURE 27-12. Comparison of normal and 
obstructed subclavian veins. A, Normal subclavian vein 
(SCV) with color flow Doppler sonography and spectral analysis. 
There is complete color filling and normal transmitted cardiac 
pulsations. B, Loss of the transmitted cardiac pulsations. Color 
flow Doppler and spectral analysis in another patient shows  
the subclavian vein is patent but has reversed flow direction.  
C, Subclavian vein occlusion (arrows) with numerous collateral 
vessels on venogram.
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extremity is a result of the greater number of technical 
challenges facing the examiner.
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FIGURE 27-13. Normal and abnormal response to sniff test. A, Duplex spectral analysis of the internal jugular vein 
shows an increase in blood flow velocity with inspiratory sniff, a normal response suggestive of central venous patency. B, Duplex 
spectral analysis of the contralateral internal jugular vein shows no increase in blood flow velocity with inspiratory sniff, an abnormal 
response suggestive of brachiocephalic or superior vena cava obstruction.

FIGURE 27-14. Acute subclavian vein thrombosis. 
Color flow Doppler sonography of the subclavian vein shows 
extensive hypoechoic thrombus with minimal peripheral flow 
remaining.
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There were more than 4.2 million live births in the 
United States in 2008.1 It is estimated that obstetric 
ultrasound was used in 68% of pregnancies in 2002, up 
from 48% in 1989.2 Given the upward trend in ultra-
sound use, it is likely that an even higher percentage of 
pregnant women undergo ultrasound evaluation cur-
rently in the United States. Ultrasound use is even higher 
in countries where it is considered a part of routine 
obstetric care, as opposed to the United States, where 
this is still a contentious issue.

Indications for ultrasound during the first trimester 
include pregnancy dating, assessment of women with 
bleeding or pain, and assessment of nuchal translucency 
in screening for aneuploidy. In the second trimester, 
ultrasound is used for pregnancy dating, assessment of 
interval growth, assessment of patients with abnormal 
pain or bleeding, assessment of size-to-dates discrepancy, 
routine survey of fetal anatomy, and assessment of 
maternal indications related to age, drug use, or history 
of prior abnormalities.

In cases of multiple gestations, ultrasound is used to 
assess growth and complications of twinning. In women 
with history of cervical incompetence, ultrasound is used 
to screen for cervical changes that put a patient at risk for 
preterm delivery. In the third trimester, ultrasound is 
predominantly used to assess fetal growth and well-being. 
Ultrasound is increasingly used for fetal procedures such 
as testing for aneuploidy, fetal drainage, and guidance for 
fetal surgery. Ultrasound is well recognized as the screen-
ing modality of choice, but additional information may 
be needed beyond that available with ultrasound. In 
many of these cases, especially those with fetal central 

nervous system abnormalities, fetal magnetic resonance 
imaging (MRI) can help clarify the diagnosis.

Part IV of this textbook focuses on obstetric ultra-
sound and reviews specific fetal organ system anatomy 
and pathology, with chapters also on safety of ultrasound 
in pregnancy, assessment of twins, and growth. Fetal MR 
and three-dimensional ultrasound images are added 
throughout to illustrate the benefit of these techniques 
in select cases.

TRAINING, PERSONNEL,  
AND EQUIPMENT

Obstetric ultrasound diagnosis is critically dependent  
on examiner training and experience.3,4 Physicians and 
sonographers performing obstetric ultrasound examina-
tions should have completed appropriate training and 
should be appropriately credentialed and boarded. 
Accreditation of ultrasound laboratories improves com-
pliance with published minimum standards and guide-
lines.5 Ultrasound practitioners should be knowledgeable 
regarding the basic physical principles of ultrasound, 
equipment, record-keeping requirements, indications, 
and safety of using ultrasound in pregnancy. Studies 
should be conducted with real-time scanners using a 
transabdominal and/or transvaginal approach, depend-
ing on the gestational age and the region of interest. The 
choice of transducer frequency is a trade-off between 
beam penetration and resolution. In general, a 3 to 
5–MHz transducer frequency provides sufficient resolu-
tion with adequate depth penetration in all but the 
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INDICATIONS FOR  
FIRST-TRIMESTER ULTRASOUND

To confirm the presence of an intrauterine 
pregnancy.

To evaluate a suspected ectopic pregnancy.
To define the cause of vaginal bleeding.
To evaluate pelvic pain.
To estimate gestational (menstrual) age.
To diagnose or evaluate multiple gestations.
To confirm cardiac activity.
As an adjunct to chorionic villus sampling, embryo 

transfer, and localization, and removal of an 
intrauterine device.

To assess for certain fetal anomalies, such as 
anencephaly, in high-risk patients.

To evaluate maternal pelvic masses and/or uterine 
abnormalities.

To measure nuchal translucency when part of a 
screening program for fetal aneuploidy.

To evaluate a suspected hydatidiform mole.

From American College of Radiology. ACR practice 
guideline for the performance of antepartum obstetrical 
ultrasound. In ACR practice guidelines and technical 
standards. Philadelphia, 2007, ACR, pp 1025-1033.

INDICATIONS FOR SECOND- AND 
THIRD-TRIMESTER ULTRASOUND

Estimation of gestational (menstrual) age
Evaluation of fetal growth
Vaginal bleeding
Abdominal or pelvic pain
Cervical insufficiency
Determination of fetal presentation
Suspected multiple gestation
Adjunct to amniocentesis or other procedure
Significant discrepancy between uterine size and 

clinical dates
Pelvic mass
Suspected hydatidiform mole
Adjunct to cervical cerclage placement
Suspected ectopic pregnancy
Suspected fetal death
Suspected uterine abnormality
Evaluation of fetal well-being
Suspected amniotic fluid abnormalities
Suspected placental abruption
Adjunct to external cephalic version
Premature rupture of membranes and/or premature 

labor
Abnormal biochemical markers
Follow-up evaluation of a fetal anomaly
Follow-up evaluation of placental location for 

suspected placenta previa
History of previous congenital anomaly
Evaluation of fetal condition in late registrants for 

prenatal care
To assess for findings that may increase the risk for 

aneuploidy
Screening for fetal anomalies

From American College of Radiology. ACR practice 
guideline for the performance of antepartum obstetrical 
ultrasound. In ACR practice guidelines and technical 
standards. Philadelphia, 2007, ACR, pp 1025-1033.

extremely obese patient. During early pregnancy, a 4 to 
7–MHz abdominal transducer or a 5 to 10–MHz vaginal 
transducer may provide superior resolution while still 
allowing adequate penetration. Higher-frequency trans-
ducers are most useful in achieving high-resolution 
scans, and lower-frequency transducers are useful when 
increased penetration of the sound beam is necessary. 
Use of Doppler ultrasound and three-dimensional (3-D) 
and four-dimensional (4-D) imaging depends on the 
specific indication. As in all imaging studies, complete 
documentation of the images and a formal written inter-
pretation are essential for quality assurance, accredita-
tion, and medicolegal issues.

ULTRASOUND GUIDELINES

First Trimester

The current guidelines of the American College of Radi-
ology (ACR) and American Institute of Ultrasound in 
Medicine (AIUM) for the performance of first-trimester 
obstetric ultrasound examination include documenta-
tion of the location of the pregnancy (intrauterine vs. 
extrauterine), documentation of the appearance of the 
maternal uterus and ovaries (Fig. 28-1), and assessment 
of gestational age, either by measurement of mean sac 
diameter (before visualization of embryonic pole; Fig. 
28-2) or by embryonic/fetal pole crown-rump length 
(Fig. 28-3).6 Another important structure to assess is the 
yolk sac. An image of the heart rate is taken using 
M-mode ultrasound. It is important to use M-mode 

GENERAL SURVEY GUIDELINES FOR 
FIRST-TRIMESTER ULTRASOUND

Gestational sac
Location of pregnancy: intrauterine vs. 

extrauterine
Gestational age (as appropriate)

Mean sac diameter
Embryonic pole length
Crown-rump length

Yolk sac or embryo/fetus
Cardiac activity on M-mode ultrasound
Fetal number (amnionicity/chorionicity)
Maternal anatomy: uterus and adnexa

Modified from American College of Radiology. ACR 
practice guideline for the performance of antepartum 
obstetrical ultrasound. In ACR practice guidelines and 
technical standards. Philadelphia, 2007, ACR, pp 
1025-1033.
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rather than spectral Doppler ultrasound on the embryo 
to limit power deposition. Late in the first trimester, 
dating can be performed with measurement of the bipa-
rietal diameter and head circumference, rather than 
crown-rump length. Chapters 30 and 42 discuss the 
first-trimester examination and gestational dating in 
pregnancy, respectively.

In cases of multiple gestation, first-trimester scans 
should document the fetal number as well as the amni-
onicity and chorionicity (Fig. 28-4). Chapter 32 dis-
cusses the assessment of multifetal pregnancies.

It is increasingly common to assess for risk of aneu-
ploidy (e.g., trisomy 21, 18, or 13) by measuring nuchal 
translucency between 11 and 14 weeks of gestation (see 
Fig 28-3, I ). This measurement, in conjunction with 
maternal age and serology, can be used to determine an 
individualized risk of fetal aneuploidy (see Chapter 31). 
Increased use of first- and second-trimester ultrasound 
has reduced the number of interventional procedures to 

A

C

B

FIGURE 28-1. Normal first-trimester ultrasound images: pregnancy location and adnexa. A, Transabdominal 
sagittal sonogram shows an intrauterine gestational sac. B, Transverse image to the left of uterus shows normal appearance for the ovary 
(arrow). C, Transvaginal color Doppler image shows normal hypervascular rim around corpus luteum.

FIGURE 28-2. Normal first-trimester ultrasound 
images: mean sac diameter. Transvaginal sagittal image 
shows sagittal measurement of sac diameter (calipers). Measure-
ments in three orthogonal planes are averaged to calculate the 
mean sac diameter. Note yolk sac within the gestational sac.
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A

G H I

D E F

B C

FIGURE 28-3. First-trimester ultrasound images: embryo and fetus. A, Normal embryo at 6.5 weeks’ gestation. Note 
embryonic pole (calipers) adjacent to yolk sac. B, Normal embryo at 8 weeks’ gestation. Note embryo (calipers) and adjacent yolk sac 
(arrow). C, M-mode ultrasound from same embryo as in B. Note normal heart rate of 160 beats/min. D, Normal embryo at 9 weeks’ 
gestational age. Note embryo within amnion (arrow) and umbilical cord (arrowhead). E, Just lateral to image in D, note yolk sac (arrow-
head) is located outside the amnion (arrow). F, Sagittal ultrasound at 10.5 weeks’ gestation. G, Sagittal ultrasound at 11.5 weeks’ gestation. 
H, Coronal view of face at 13 weeks’ gestation. I, Sagittal ultrasound of nuchal translucency (calipers) at 13 weeks’ gestation.

detect aneuploidy while increasing the prenatal diagnosis 
of aneuploidy.7 Given the increased scanning late in the 
first trimester, it is also increasingly common for a 
limited anatomic survey to be conducted in the late first 
trimester. Anomalies that should be detected this early 
include anencephaly (Fig. 28-5) and omphalocele (Fig. 
28-6). Although substantial information can be obtained 
at this time, first-trimester anatomic survey is unlikely  
to replace the second-trimester anatomic survey, since 
many structures are difficult to visualize completely early 
in the second trimester, particularly the heart, cardiac 
outflow tracts, posterior fossa, and distal spine.

Second and Third Trimesters

The current ACR/AIUM guidelines for the performance 
of the second- and third-trimester obstetric ultrasound 
examinations describe the standard sonographic exami-
nation.6 It is important to understand that the guidelines 
were written to maximize detection of many fetal abnor-
malities, but are not expected to allow for detection of 
all structural abnormalities.6

The terminology level I and level II examinations 
refer to “standard” or “routine” (level I) and “high risk,” 
“specialized,” or “detailed” (level II) obstetric ultrasound. 
The concept of these two levels of scanning is that the 
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A B

FIGURE 28-4. Multiple gestations. Be sure to examine the entire gestational sac to identify multiple gestations. A, Transabdominal 
image of diamniotic dichorionic twins. Note the thick, dividing membrane. B, Transvaginal image of diamniotic monochorionic twins 
at 8 weeks’ gestational age (calipers denote crown rump length) with two thin membranes (arrows, amnion) still close to embryonic poles.

A B

FIGURE 28-5. Anencephaly. A, Sagittal ultrasound at 10 weeks’ gestation. B, Sagittal ultrasound in a different fetus at 12 weeks’ 
gestation. Note the orbits (arrow) with absent ossified cranium above this level with angiomatous stroma.
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standard, basic, routine, or level I examination is per-
formed routinely on pregnant patients (Figs. 28-7 to 
28-16). The methods to obtain all the required images 
are described in detail in subsequent chapters. This 
chapter provides a collage of figures as a guide for the 
anatomic survey and common additional views obtained 
during a fetal survey.

In general, the “standard fetal anatomic survey” refers 
to the second-trimester scan, typically performed 
between 16 and 22 weeks of gestation. When anatomic 
surveys are performed at 20 to 22 weeks’ gestational age, 
there is less need for repeat scans to document normal 
anatomy compared to studies performed earlier in preg-
nancy.8 However, there are practical considerations 
when determining the optimal timing of studies. In well-
dated pregnancies in women who are unlikely to want 
amniocentesis, a survey at 20 to 22 weeks’ gestation is 
optimal. However, if a pregnancy is not well dated, an 
earlier scan may be needed both to establish accurate 
dates for the pregnancy and to assess the anatomy. Some 
centers offer the scan at 16 weeks’ gestation to coincide 
with performance of genetic amniocentesis and/or 
midtrimester quadruple serum screening.

The level I examination consists of investigation of the 
maternal uterus and ovaries, the cervix, and placenta 
(Fig. 28-7; Video 28-1), as well as a systematic review 
of fetal anatomy. Adnexal cysts are common in pregnant 
women. In early pregnancy a cyst is most likely the 
corpus luteum. If a cyst appears atypical or enlarges 
beyond the middle second trimester, it should be further 
assessed. Leiomyoma position and size should be docu-
mented. If the myometrium appears thin in the lower 
uterine segment (e.g., <3 mm in woman with prior 
cesarean section), the myometrium should be measured 
because this puts the woman at risk for uterine dehis-

FIGURE 28-6. Omphalocele at 11 weeks’ gesta-
tional age. Sagittal view of fetus (calipers) shows a large, 
abdominal wall defect (arrow).

SURVEY GUIDELINES FOR SECOND- 
AND THIRD-TRIMESTER ULTRASOUND

GENERAL SURVEY
Cardiac activity: document with M-mode
Presentation: cephalic, breech, transverse, variable
Fetal number: for multiples, amnionicity/

chorionicity, concordance with size, amniotic 
fluid

Maternal anatomy: uterus, adnexa, and cervix
Gestational age and fetal weight assessment

Biparietal diameter
Head circumference
Abdominal circumference
Femur length

Amniotic fluid
Estimate as normal
If abnormal, qualify if high or low

Placenta: position

FETAL ANATOMIC SURVEY
Head, Face, and Neck
Cerebellum
Choroid plexus
Cisterna magna
Lateral cerebral ventricles
Midline falx
Cavum septi pellucidi
Upper lip

Chest
Four-chamber view
Outflow tracts “if technically feasible”

Abdomen
Stomach (presence, size, and situs)
Kidneys, bladder
Umbilical cord insertion site into fetal abdomen
Umbilical cord vessel number

Spine
Cervical, thoracic, lumbar, and sacral

Extremities
Legs and arms: presence or absence

Gender (Sex)
Medically indicated in low-risk pregnancies only for 

evaluation of multiple gestations

Modified from American College of Radiology. ACR practice 
guideline for the performance of antepartum obstetrical 
ultrasound. In ACR practice guidelines and technical 
standards. Philadelphia, 2007, ACR, pp 1025-1033.

cence or rupture. It is helpful to begin the examination 
with a sagittal midline view to assess the cervix. If the 
cervix appears abnormally short or if placenta previa is 
suspected, a vaginal scan can then be performed.

Transverse and longitudinal scans of the entire uterine 
cavity are then performed for assessment of fetal cardiac 



1046  PART IV ■ Obstetric Sonography

Biometry is performed, both to estimate gestational 
age and to estimate fetal weight (Fig. 28-9).

The high-risk, targeted, detailed, or level II scan 
should have a specific indication that requires a  
detailed fetal sonogram, performed by a clinician with 
expertise in obstetric imaging.9 This high-risk scan is 
performed when an anomaly is suspected because of 
maternal medical or family history, or if abnormal 
results are suspected on a routine scan. Additional  
views in routine obstetric sonography include the head 
(Fig. 28-10; Video 28-2), face (Fig. 28-11), heart 

activity, amniotic fluid volume, localization of the pla-
centa, and determination of fetal presentation and situs 
(Fig. 28-8). Knowledge of the plane of section across the 
maternal abdomen, combined with the position of the 
fetal spine and right-sided and left-sided structures 
within the fetal body, allows accurate determination  
of fetal position and identification of normal and  
pathologic anatomy. Some congenital anomalies, such  
as dextrocardia, will be recognized only if a structure is 
identified as “abnormal” by virtue of its atypical position 
related to the lie and presentation of the fetus.

A

C D

B

FIGURE 28-7. Overview of uterus, cervix, and fetal position. A, Sagittal sonogram of uterus shows a normal-appearing 
cervix (C) and an anterior placenta (P), with the placental tip far away from the internal cervical os; B, bladder. B, Transverse sonogram 
of posterior placenta (P). C, Transabdominal image of normal-appearing cervix (arrow on internal os). Note bladder (B) and fetal head 
(H). With the head as the presenting part, the fetus is in cephalic position. D, Transvaginal sonogram of normal-appearing cervix 
(calipers).
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(Fig. 28-12; Video 28-3), abdomen and pelvis (Fig. 
28-13; Videos 28-4 and 28-5), spine (Fig. 28-14), 
extremities (Fig. 28-15), and umbilical cord (Fig. 
28-16). Other specialized sonographic examinations 
include fetal Doppler sonography, biophysical profile,  
fetal echocardiography, and additional biometric 
measurements.

ROUTINE ULTRASOUND 
SCREENING

Estimation of Gestational Age

Determination of the expected date of delivery (EDD) 
is especially important in obstetric practice because it is 

A B

C D

FIGURE 28-8. Determination of situs. A, Scan plane, and B, transverse scan diagram. With fetus in cephalic position and spine 
on the maternal right side, the left-sided stomach is “up” on the side closest to the transducer. C, Scan plane, and D, with the fetus in 
breech position and spine on the maternal right side, the left-sided stomach is “down” on the side farthest away from the transducer.

ADDITIONAL VIEWS FOR TARGETED 
FETAL SONOGRAMS*

Corpus callosum
Cerebellar vermis
Outflow tracts
Orbits
Extremities, including hands and feet
Profile/chin
Nuchal fold (at appropriate gestational age)
Individual long-bone measurements
Hands and feet

*These are not established imaging guidelines but rather 
the author’s suggestions regarding views that are helpful 
in most targeted scans. Additional views may be needed 
depending on the indications for the obstetric/fetal 
examination.

Text continued on p. 1055.



1048  PART IV ■ Obstetric Sonography
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FIGURE 28-9. Second-trimester biometry. A, Biparietal diameter. Note the level of this ultrasound image at the thalamus 
and third ventricle. The calipers are placed from the outer skull in the near field to the inner skull in the far field. B, Head circumference. 
Note how circumference is measured around the outside of the skull. Arrow depicts cavum of the septum pellucidum. C, Abdominal 
circumference. Note the curve of the portal vein and stomach on this transverse image, with circumference drawn around the outside of 
the skin. D, Femur length. Note that the “upside” femur should be measured, with the shaft of the bone as near to perpendicular to the 
scan plane as possible, excluding the distal femoral epiphysis.
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FIGURE 28-10. Routine sonographic views of fetal head. In addition to the biparietal diameter and head circumference, 
required views of the head include images of the cerebral ventricles, cerebellum, cavum of the septum pellucidum, and midline falx. 
Additional views that can be obtained are angled views to demonstrate both sides of the choroid plexus, and views through the anterior 
fontanelle or midline sutures to demonstrate the corpus callosum. A, Axial image shows cerebral ventricles filled with choroid plexus. 
B, Angled axial view shows both ventricles with choroid plexus. C, Axial image shows cerebellum (arrow) and cavum of the septum pel-
lucidum (arrowhead). D, Transvaginal sagittal view of the corpus callosum (arrows).
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FIGURE 28-11. Views of fetal face. Required view of the face is of the nose and lips. Additional views include orbits and profile. 
A, Coronal view of nose and lips. B, Coronal view of orbits. C, Sagittal view of facial profile. D, 3-D image of fetal face.
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FIGURE 28-12. Views of fetal heart and outflow tracts. Required views include demonstration of normal situs, with heart 
and stomach on left side, four-chamber view of the heart, documentation of normal heart rate, and outflow tracts “if possible”. A, Axial 
image shows normal four-chamber view of fetal heart. Note the normal axis of the heart, at about 60 degrees from midline. B, M-mode 
ultrasound. Note normal heart rate (146 beats/min). C, Angled view shows left ventricular outflow tract (arrow) with heart and stomach(s) 
on the same side of the fetus. D and E, Right ventricular outflow tract in oblique axial (D) and oblique sagittal (E) views with ductus 
arteriosus (arrow) extending posteriorly to aorta.
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FIGURE 28-13. Views of fetal abdomen and pelvis. Note normal stomach documented on abdominal circumference view 
(Fig. 28-9, C ). Other required views are cord insertion, kidneys, and bladder. Additional views document the diaphragm and fetal gender. 
A, Cord insertion site in the anterior abdominal wall. B and C, Transverse views of kidneys at 18 and 28 weeks’ gestation. A small amount 
of central renal pelvic dilation (2 mm in this fetus) is a normal finding. D, Transverse image of bladder. Note umbilical arteries on either 
side of bladder. E, Sagittal view shows liver, diaphragm (arrow), and lungs. Note how the liver is of lower echogenicity than the lungs. 
F, Male genitalia. G, Female genitalia.
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FIGURE 28-14. Views of fetal spine. Note transverse image of thoracic spine on four-chamber view (Fig. 28-12, A) and transverse 
image of lumbar spine between the kidneys (Fig. 28-13, B and C ) and umbilical cord insertion site (Fig. 28-13, A). A, Transverse image 
of cervical spine. B, Transverse view of lumbosacral spine. Note how the posterior elements point towards each other and the skin covers 
the distal spine. C, Oblique sagittal image of cervical and thoracic spine. D, Oblique sagittal view of entire spine. E, Sagittal view focused 
on the distal spine. Note how the spinal canal narrows and has a gentle upturn distally. (See also Video 28-4.)
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FIGURE 28-15. View of fetal extremities. Required views include documentation of all four extremities. Additional views 
include measurements of all the long bones and demonstration of the fingers and toes. A and B, Lower extremities. C, D, and E, Upper 
extremities. F, Hand. Note four fingers with thumb partially out of the field of view. G, Foot. H, 3-D view of upper extremity. (See also 
Fig. 28-11, D, for 3-D view of hands.)
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pregnancy. In a Cochrane review of nine trials of routine 
ultrasound in early pregnancy, routine use of early ultra-
sound and the subsequent adjustment of the EDD led 
to a significant reduction of postterm pregnancy.14

A rule of thumb is that in the first trimester, LMP 
dating should be maintained unless ultrasound yields an 
EDD more than 7 days off; in the second trimester, 
ultrasound should be used to change EDD if it is off by 
more than 2 weeks (and follow-up is then needed to 

used to intervene in pregnancies considered to be “growth 
restricted” and in postterm pregnancies. Multiple studies 
have demonstrated that routine use of ultrasound results 
in more accurate assessment of the EDD than last men-
strual period (LMP) dating or physical examination, 
even in women with regular and certain menstrual 
dates.10-13 Pregnancy dating is most accurately per-
formed in the first half of pregnancy. Fetal growth 
should be assessed by comparison to earlier scans in 

A

C D

B

FIGURE 28-16. Views of umbilical cord. Required views include cord insertion site into the anterior abdominal wall (see Fig. 
28-13, A) and documentation of number of vessels in the umbilical cord. Additional views include cord insertion site into the placenta 
and Doppler examination of the cord. A, Transverse image of three-vessel umbilical cord. Note two arteries (arrows) that are smaller 
than the single vein (arrowhead). (See also Video 28-5 and Fig. 28-13, D.) B, Color Doppler longitudinal image of three-vessel cord. C, 
Cord insertion site (arrow) into the placenta. D, Spectral Doppler image documents normal umbilical arterial systolic/diastolic ratio in 
third-trimester fetus.
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standing of fetal anomalies when pregnancies with fetal 
anomalies are continued, are difficult to demonstrate.

The Helsinki trial reported a significant decrease in 
perinatal mortality among the ultrasound-screened 
group, from 9 to 4.6 per 1000.16 This was attributed to 
the relatively high rate of detection of fetal anomalies in 
that study (58% of major malformations were detected 
before 24 weeks) with subsequent termination of fetuses 
with anomalies.

In the Routine Antenatal Diagnostic Imaging with 
Ultrasound (RADIUS) trial, the investigators did  
not find a significant difference in “adverse perinatal 
outcome,” defined as fetal death, neonatal death, or neo-
natal morbidity, in the screened versus control groups. 
The explanation for the lack of improved outcome was 
the limited sensitivity of routine sonography in the 
detection of congenital abnormalities (16.6% before 24 
weeks and 34.8% before 40 weeks) coupled with a low 
rate of pregnancy termination once the diagnosis had 
been made.4 A subsequent meta-analysis based on four 
randomized clinical trials with data on 15,935 women 
(7992 were allocated to routine sonography vs. 7943 to 
selective scanning) found the perinatal mortality rate was 
significantly lower in patients allocated to routine scan-
ning, again because of the early detection of fetal abnor-
malities that led to induced abortions.20 The authors 
concluded that routine ultrasound scanning is effective 
and useful as a screening test for malformations.

Fetal Malformations:  
Diagnostic Accuracy

The incidence of major congenital abnormalities at birth 
in the general population is 2% to 3%, yet these abnor-
malities are responsible for 20% to 25% of perinatal 
deaths and an even higher percentage of perinatal mor-
bidity. Prenatal detection of an anomaly increases the 
options for pregnancy management, and in select cases 
the disorder may be amenable to intrauterine treatment. 
For these reasons, offering routine ultrasound as a 
screening test for congenital abnormalities is an attrac-
tive concept. However, the performance of screening 
ultrasound in detecting abnormalities in the low-risk 
population is variable, with sensitivity and specificity 
ranging from 14% to 85% and 93% to over 99%, 
respectively.4,19,21-27 The wide range in sensitivity can be 
partially explained by what authors used as the defini-
tion of an “anomaly” and the experience of the individu-
als performing and interpreting the studies.19,26 Another 
factor is the type of anomaly. In the Eurofetus study,28 
the best detected abnormalities were of the urinary 
system (88.5%) and central nervous system (88.3%). 
Cardiac abnormalities were not well detected, whether 
major (38.8%) or minor (20.8%), and the lowest rates 
of detection were for minor abnormalities of the mus-
culoskeletal system (18% vs. 73.6% for major defects) 
and cleft lip and palate (18%).28 Another important 

ensure appropriate interval growth); and in the third 
trimester, a 3-week discrepancy between LMP and ultra-
sound dating is allowed, but needs to be taken into the 
clinical context, with assessment for growth restriction 
or macrosomia, if appropiate. It is important to recog-
nize that if a pregnancy is redated after the first trimester, 
follow-up is needed to assess for appropriate interval 
growth (see Chapter 42).

Identification of Twin/Multiple 
Pregnancies

A major benefit of routine ultrasound screening is early 
identification of multiple gestations.4,11,15-17 Randomized 
clinical trials comparing routine second-trimester ultra-
sound examination with sonography performed for clini-
cal indications have shown that a substantial number of 
twin pregnancies are not recognized until the third tri-
mester or delivery in women who do not undergo routine 
ultrasound. The improved diagnosis of twins leads to 
improved perinatal outcome because of a reduced inci-
dence of low birth weight, smallness for gestational age, 
prematurity, depressed Apgar scores, and stillbirths.15

Screening and Perinatal Outcomes

The value of a routine second-trimester scan in appar-
ently normal pregnancies to identify those at high risk 
for unsuspected problems is controversial. Many coun-
tries perform one, two, or even three sonograms as part 
of routine obstetric care.16,18,19

BENEFITS OF ROUTINE SECOND-
TRIMESTER ULTRASOUND SCREENING

• More accurate gestational age
• Detection of major malformations before birth
• Earlier detection of multiple pregnancy
• Fewer low-birth-weight singleton births
• Lower incidence of induction for postterm 

pregnancy
• Early detection of placenta previa
• Reassurance of a normal pregnancy

It can be difficult to interpret the results of studies 
designed to assess the impact of routine screening.4,11,16 
Not only do anomalies need to be detected by ultra-
sound, but to show the benefit of ultrasound, there must 
be a documented difference in outcome, either in termi-
nation of pregnancies, potentially leading to decreased 
perinatal mortality from loss of anomalous fetuses, or 
improved perinatal care. Because these studies do not 
necessarily control for these outcomes, the benefit of 
screening, in particular the importance of parental under-
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issue is the gestational age at which the study is per-
formed. In the Eurofetus Study, for example, 38.5% of 
the anomalies were diagnosed after 29 weeks’ gestation. 
Other factors influencing sensitivity of prenatal sonog-
raphy include the quality of equipment, prevalence of 
a particular defect, maternal body habitus, and examina-
tion protocol.19,28,29

Many of the benefits of ultrasound are nonquantifi-
able. Having time to adjust prenatally to information 
about an anomaly can improve both the clinician’s and 
the parents’ approach to the pregnancy and birth, as well 
as their abilities to make decisions about prenatal and 
postnatal treatment.30 It is important for patients and 
their physicians to understand the limitations of ultra-
sound. Not all abnormalities can be detected. The accu-
racy of prenatal ultrasound is variable and often depends 
on where and by whom it is being performed.

Three- and Four-Dimensional 
Ultrasound

In addition to two-dimensional (2-D) images, 3-D and 
4-D imaging allow for reconstructed images in planes 
that were not previously available. This allows for 
improved visualization of facial anomalies31 and anoma-
lies of the hands, feet, and spine.32 In addition, 3-D 
images may be more comprehensible to the patient, 
allowing for better understanding of the abnormality.31,32 
Cervical assessment is also thought to be more complete 
with volume imaging.33 Volume imaging can be used 
to assess the lungs,34,35 which is used in fetuses with 
suspected pulmonary hypoplasia. Reconstructed images 
can be helpful to image portions of the brain.36 Sub-
sequent chapters integrate 3-D and 4-D images as 
appropriate.

Prudent Use of Ultrasound

The AIUM, ACR, and American College of Gynecolo-
gists (ACOG) collaborative guidelines state that “Fetal 
ultrasound should be performed only when there is a 
valid medical reason, and the lowest possible ultrasonic 
exposure settings should be used to gain the necessary 
diagnostic information.”6 Although there is no reliable 
evidence of physical harm to human fetuses from diag-
nostic ultrasound imaging using current technology, 
public health experts, clinicians, and industry representa-
tives agree that casual use of sonography, especially 
during pregnancy, should be avoided. The U.S. Food 
and Drug Administration (FDA) views the promotion, 
sale, or lease of ultrasound equipment for making “keep-
sake” fetal videos as an unapproved use of a medical 
device.37 Medically indicated obstetric imaging can easily 
integrate making copies of key images for parents who 
want an early view of their baby.

MAGNETIC RESONANCE IMAGING

Ultrasound is the screening modality of choice for fetal 
imaging. However, when additional information regard-
ing fetal anatomy or pathology is needed, fast MR 
imaging is increasingly being used as a correlative imaging 
modality in select cases (Fig. 28-17). MRI is useful in 
these cases because it has no ionizing radiation, provides 
excellent soft tissue contrast, has multiple planes for 
reconstruction, and has a large field of view, allowing  
for improved depiction of many complex fetal 
abnormalities.

It is important to tailor the examination to answer 
specific questions raised either by patient history or by 
prior sonographic examination. In the past decade, soft-
ware and hardware have allowed for fetal MR images to 
be obtained in about 400 milliseconds. This allows for 
fetal imaging to be performed without maternal or fetal 
sedation. The ease of performing these examinations and 
the superb contrast resolution afforded by T2-weighted 
MRI have popularized the use of this imaging tool to 
improve prenatal diagnosis.

There are no known biologic risks from MRI. The 
MR procedure is not believed to be hazardous to the 
fetus.38-50 No delayed sequelae from MR examination 
have been encountered, and it is expected that the poten-
tial risk for any delayed sequelae is extremely small or 
nonexistent.

Gadolinium is the contrast typically used for MR 
studies, but it is not recommended for fetal examination. 
Gadolinium crosses the placenta and appears within the 
fetal bladder soon after intravenous administration. The 
contrast is excreted from the fetal bladder into the amni-
otic fluid, where it is then swallowed and potentially 
reabsorbed from the gastrointestinal tract. Because of 
this reabsorption, the half-life of gadolinium in the fetal 
circulation is not known.51 This drug has been shown to 
have adverse effects on the fetus in animal models. 
Gadopentetate dimeglumine has been shown to impair 
development slightly in rats (at 2.5 times the human 
dose, 0.1 mmol/kg), and in rabbits (at 7.5 times the 
human dose).52,53 It is considered a pregnancy category 
C drug, meaning that it should be given only if potential 
benefit outweighs the risk; animal studies have revealed 
adverse effects, but no controlled studies have been per-
formed in humans.52 Therefore, we do not use contrast 
for fetal examinations at our institution.

CONCLUSION

Ultrasound is a readily available, noninvasive, and safe 
means of evaluating fetal health, determining gestational 
age, and assessing the intrauterine environment. It is  
an indispensable tool for the practice of obstetrics.  
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FIGURE 28-17. Normal fetal MRI: representative T2-weighted images. A, Sagittal view of fetal head with fetal body 
in coronal plane. B, Sagittal view of fetal head. Note normal appearance of corpus callosum and soft palate, with fluid outlining the soft 
palate above the tongue. C, Coronal view of the brain, chest, and abdomen. Note normal appearance to the lungs, diaphragm, stomach, 
and kidneys. D, Axial view of brain with normal-appearing lateral ventricles. E, Oblique axial view of brain shows normal cerebellar 
hemispheres and vermis. F, Axial view at level of globes. Note the dark lens in each globe. G, Axial view at level of palate. Note that 
majority of the alveolar tooth-bearing ridge is well depicted. H, Axial view at level of stomach and gallbladder. Note spinal cord outlined 
by fluid in thecal sac. I, Axial view at level of bladder.

Ultrasound is also a screening test, yielding results that 
must be interpreted and integrated in a knowledgeable 
way. As with physical examination, the ultrasound study 
is most helpful when performed in a consistent and 
reproducible fashion, carefully documenting positive 

and negative findings important in clinical decision 
making. The information gained from routine obstetric 
ultrasound may provide reassurance, guide therapy, or 
identify a pathologic condition that merits further 
investigation.
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Half a century of extensive use in clinical obstetric and 
radiologic practice has shown that ultrasound does not 
cause major abnormalities in the fetus. Ultrasound is a 
form of energy, however, and one must consider whether 
subtle effects are possible when such energy penetrates 
living tissues. Although some effects have been described 
in animals, no immediate human correlation can be 
made. Conversely, “no effects detected so far” does not 
necessarily means “no effect.” Only large, epidemiologic 
studies can solve this problem. In the United States, 
most women who receive prenatal care are referred for 
at least one ultrasound scan; in many other countries, 
almost 100% of these women are exposed to ultrasound. 
Multiple examinations are often performed, with or 
without clear indication. Because of this near-universal 
exposure of pregnant women and their unborn child to 
ultrasound, the issues of possible effects and safety need 
to be addressed.1

Whether short-term or long-term adverse bioeffects to 
the fetus may result from exposure to ultrasound is a 
major issue. It is well established that under certain con-
ditions, ultrasound can have undesirable side effects.2-25 
Two conflicting points need clarification: (1) to date, no 
evidence has been found of harmful effects of ultrasound 
in humans at clinical exposure levels, but (2) all available 
published epidemiologic data are from before 1992. 
Since then, acoustic output of diagnostic systems for 
fetal use was increased by a factor of almost 8, from 
94 mW/cm2 to 720 mW/cm2, and, in reality, a factor of 
16 (from 46 mW/cm2) based on earlier regulations.26 
Additional concerns follow:
• An increasing number of fetuses in the first 

trimester, a time of maximal susceptibility to 

external insults, are exposed to ultrasound, 
particularly spectral Doppler.27

• “Entertainment” ultrasound, scanning to obtain 
pictures or videos of the fetus (fetal “keepsake” 
video) without a medical indication has burgeoned28 
despite calls for avoidance of unnecessary 
exposure.29-31

• Clinical users of obstetric ultrasound appear to have 
limited knowledge and awareness of bioeffects and 
safety.32

Thus the main goals of this chapter are as follows:
1. Summarize the literature on bioeffects in 

experimental settings as well as the available 
knowledge on bioeffects in the human fetus.

2. Analyze changes that occurred over time in energy 
levels of ultrasound machines and the regulations 
involved.

3. Describe how manipulation of many  
instrument controls alters acoustic energy and  
thus exposure.

4. Educate sonographers and physicians on how best 
to minimize fetal exposure without sacrificing 
diagnostic quality.

INSTRUMENT OUTPUTS

Over the years, output of ultrasound instruments has 
increased.33 Furthermore, many machine controls can 
alter the output. For example, keeping in mind that  
the degree of temperature elevation is proportional to the 
product of the amplitude of the sound wave times the 
pulse length and the pulse repetition frequency, it 
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machines with high power, which supposedly produces 
a better image, and the sonographer must act to decrease 
that power. Other systems boot up with low power and, 
only if judged necessary, the sonographer will increase 
that power. In Figure 29-1, for example, the Doppler 
signal in A was obtained with a high power, whereas in 
B the power was greatly reduced, and the image is still 
diagnostic. Also, the examiner fine-tunes to optimize the 
image, influencing output but with no visible effect, 
except to change thermal index (TI) and mechanical 
index (MI), as discussed in Chapter 2.

Controls that regulate output include focal depth, 
usually with greatest power at deeper focus but occasion-
ally with highest power in the near field; increasing 
frame rate; and limiting the field of view, as by high-
resolution magnification or certain zooms. In Doppler 
mode, changing sample volume and velocity range (to 
optimize received signals) will change output. In Figure 
29-2, only the size of the color box is smaller, which 
caused increased TI on the output. It should be remem-
bered that receiver gain often has similar effects as these 
controls on the recorded image, but no effect on the 
output of the outgoing beam, and therefore it is com-
pletely safe to manipulate.

Dwell Time

Dwell time is the actual scanning time and thus directly 
under control of the examiner. Dwell time is not taken 
into account in the calculation of the safety indices and 
generally is not reported in clinical or experimental 
studies. However, it takes only one pulse to induce cavi-
tation, and about a minute to raise temperature to its 
peak. Directly correlated with dwell time is examiner 
experience: knowledge of anatomy, bioeffects, instru-
ment controls, and scanning techniques.

becomes immediately evident why any change (augmen-
tation) in these characteristics can add to the risk of 
elevating the temperature, a potential mechanism for 
bioeffects. Three important parameters under end-user 
control are the (1) scanning/operating mode (including 
transducer choice), (2) system setup and output control, 
and (3) dwell time.

Scanning Mode

When comparing modes, the spatial peak, temporal 
average intensity (ISPTA) increases from B-mode (34 mW/
cm2, average) to M-mode to color Doppler to spectral 
Doppler (1180 mW/cm2, average).34 Average ISPTA values 
are 1 W/cm2 in Doppler mode but can reach 10 W/cm2. 
Caution is therefore recommended when applying this 
mode. Color Doppler has higher intensities than B-mode 
but is still much lower than spectral Doppler, mainly 
because of the mode of operation: sequences of pulses, 
scanned through the area of interest (“box”). High pulse 
repetition frequencies (PRFs) are used in pulsed Doppler 
techniques, generating greater temporal average intensi-
ties and power than B-mode or M-mode and thus greater 
heating potential. Also, because the beam needs to be 
held in relatively constant position over the vessel of 
interest in spectral Doppler ultrasound, temporal average 
intensity may further increase. This is particularly con-
cerning in first-trimester applications. In addition, 
transducer choice is important because it will deter-
mine: frequency, penetration, resolution, and field  
of view.

System Setup

Starting or default output power is another important 
ultrasound parameter. Some manufacturers “boot” their 

A B

FIGURE 29-1. Effect of changing power setting on thermal index of bone (TIB) during spectral Doppler 
velocity measurements of umbilical artery. A, The output power is high, and the thermal index (TI) is 1.7 (see highlighted 
gray box, upper right). B, The power has been lowered; the TI is now 0.1, and the tracing is still diagnostic.
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gens, the central nervous system (CNS) is most at risk 
because of a lack of compensatory growth by undamaged 
neuroblasts. In experimental animals the most common 
defects associated with temperature increase are of the 
neural tube (anencephaly, microencephaly) and the 
eyes (microphthalmia, cataract). Associated with CNS 
defects are functional and behavioral problems.46 Other 
organ defects secondary to hyperthermia include defects 
of craniofacial development(e.g., clefts65) and anomalies 
of the axial and appendicular skeleton,66 the body wall, 
teeth, and heart.67

Gestational age is critical when considering heat 
dispersion. In midterm, there was no significant differ-
ence when guinea pig fetal brains were exposed, alive 
(perfused) or postmortem (non-perfused), in the focal 
region of the ultrasound beam. However, a significant 
cooling effect of vascular perfusion was observed when 
the fetuses reached the stage of late gestation near term, 
when the cerebral vessels were well developed.68 In early 
human pregnancy, less than 6 weeks, the minimal fetal 
perfusion may reduce heat dispersion.69 The increased 
sensitivity of Doppler devices suggests evidence of blood 
flow within embryonic vesicles after heart formation, 
with the simultaneous development of a uterine circula-
tory pathway in the developing placenta. The flow is 
often termed “nonpulsatile” or “percolating”70,71 with 
near-minimal Doppler-measured velocities, as opposed 
to later in pregnancy. At about week 12 of gestation, the 
plugs of the spiral arteries are “loosened” and allow for 
freer blood circulation.72,73

Thus, perfusion status is far from approaching that for 
normal tissue levels (as assumed in the TI algorithm) for 
much of the first trimester. Only later, when “free circu-
lation” is established (about week 11-12 of gestation), 
does the tissue become normally perfused, when the 

THERMAL EFFECTS

Thermal changes induced by ultrasound have been dem-
onstrated in various animals, with hyperthermia clearly 
shown to be teratologic to many species.35-44 Elevated 
maternal temperature, whether from illness or exposure 
to heat, can produce teratogenic effects.17,38,40-43,45-58 A 
rise less than 2° C is thought to be safe,59 although any 
temperature increase for any amount of time may have 
some effect,48,60 and a rise of 2.5° C may be considered 
significant.61 A major question is whether diagnostic 
ultrasound can induce a rise in temperature in the fetus 
that could reach dangerous levels.19,59,62 Temperature 
elevation in the human fetus cannot be exactly measured 
but can be estimated fairly accurately.63,64 For prolonged 
ultrasound exposures, temperature elevations of up to  
5° C have been obtained.59 Thus, any temperature incre-
ment for any period of time has some effect; the higher 
the temperature differential or the longer the tempera-
ture increment, the greater is the likelihood of producing 
an effect. Although these assumptions cannot be dem-
onstrated in diagnostic ultrasound and no human data 
exist, clinicians should keep these facts in mind when 
performing obstetric ultrasound. This also forms part of 
the argument against nonmedical or nonindicated ultra-
sound examinations.

As with any external influence on the pregnancy, ges-
tational age is a vital factor. Milder (in time or inten-
sity) exposures during the preimplantation period (very 
early gestational age) could have similar or worse conse-
quences than more severe exposures during embryonic 
and fetal development and could result in fetal demise 
and abortion or structural and functional defects. Such 
a dose analysis is not available. As for many other terato-

A B

FIGURE 29-2. Effect of changing size of color box on thermal index of bone (TIB) during color Doppler 
examination of umbilical cord. Changing the size of the box from large (A) small (B) changes the TI (red squared number at top 
right) from 0.2 to 0.5.
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BIOEFFECTS OF ULTRASOUND

Animal Research

Multiple studies have shown effects of ultrasound in a 
wide variety of species.87-90 Studies of gross effects on 
the brain and liver of cats showed well-defined lesions  
and demyelination in the brain91 and tissue damage in 
the liver92 resulting from ultrasound exposure of a few 
seconds at 1 and 3 MHz, respectively. Other observed 
effects include limb paralysis, as a result of spinal cord 
injury in the rat,93,94 as well as lesions in the liver, kidney, 
and testes of rabbits.95 Changes in fertility were demon-
strated in male mice after in utero ultrasound exposure 
of the testes.96 Although some effects are likely caused by 
mechanical processes, very high temperature elevations 
(much higher than with diagnostic ultrasound) may be 
more directly involved with the tissue damage. It took 
acoustic pressures generated by lithotripsy to obtain 
effects in muscles,97 as well as hemorrhage in bowel98 
and lungs.99 These intensities are much higher than in 
diagnostic ultrasound but are helpful in understanding 
the mechanisms involved with possible bioeffects of 
ultrasound.

Several major clinical end points for bioeffects in 
animals that could have direct relevance to human 
studies include fetal growth and birth weight, effects on 
brain and CNS function, and change in hematologic 
function. High-level exposures were associated with 
decreased body weight at birth in exposed monkeys com-
pared with controls, but all showed catch-up growth 
when examined at 3 months of age.100 Decreased birth 
weight after prenatal exposure to ultrasound has also 
been reported in mice,101,102 but not convincingly in 
rats.103 Clear species differences therefore seem to exist,104 
making it difficult to extrapolate to the human. In a 
report of 30 pregnancies in monkeys, half were exposed 
to ultrasound.100 The scanned fetuses had lower birth 
weights and were shorter than the control group. No 
significant differences were noted in rate of abortions, 
major malformations, or stillbirths. Moreover, all showed 
catch-up growth when examined at 3 months of age. 
In-situ intensities were higher than routinely used in 
clinical obstetric imaging in the human. Studies in  
mice have shown increased mortality, and decreased 
body weight after in utero exposure to diagnostic ultra-
sound.105,106 Gross lesions have been described in the 
central nervous system107 and the spine94 in mammals.

Neurologic or behavioral findings may be sensitive 
markers of teratogenic effect.87,108 Pregnant Swiss albino 
mice were exposed to diagnostic ultrasound for 10, 20, 
or 30 minutes on day 14.5 (fetal period) of gestation and 
compared with sham-exposed controls.109 Significant 
behavioral alterations in the exposed groups included 
decreased locomotor and exploratory activity and more 
trials needed for learning. No changes were observed in 
physiologic reflexes or postnatal survival. The authors 

embryonic circulation actually links up with the mater-
nal circulation.73 This absence of perfusion may result 
in underestimation of the actual ultrasound-induced 
temperature in early gestation. This warrants extreme 
caution in first-trimester scanning, particularly with the 
recent increase in utilization of Doppler in the first 
trimester.74-77

Also, the issue of transducer heating may be particu-
larly relevant in the first trimester, if performing endo-
vaginal scanning.76,78 A mitigating factor is motion (even 
very small) of the examiner’s hand, as well as the patient’s 
breathing and body movements (in obstetric ultrasound, 
both mother and fetus), which tend to spread the region 
being heated. However, for spectral (pulsed) Doppler 
studies, it is necessary to have the transducer as steady as 
possible. Because the intensity and acoustic power associ-
ated with Doppler ultrasound are the highest of all the 
general-use categories, time spent scanning with Doppler 
ultrasound mode is crucial. Ziskin79 reported that average 
duration of 15,973 Doppler ultrasound examinations 
was 27 minutes (longest, 4 hours!). It is clear that tem-
perature increases of 1° C are easily reached in routine 
scanning.80 Elevation of up to 1.5° C were obtained in 
the first trimester and up to 4° C in the second and third 
trimesters, particularly with the use of pulsed Doppler.81 
In many clinical machines, TI values of 5 or 6 can be 
obtained in Doppler mode.

MECHANICAL EFFECTS

Although effects have been described in neonates or 
adult animals, because gas bubbles are not present in 
fetal lung or bowel, it is assumed that the risk from 
mechanical effect secondary to cavitation is minimal.10 
Several other mechanical effects do not appear to involve 
cavitation, such as tactile sensation of the ultrasound 
wave, auditory response, cell aggregation, and cell 
membrane alteration. Hemolysis has also been 
reported,82 although some cavitation nuclei must be 
present for hemolysis to occur. Such microbubbles 
would be provided by the introduction of ultrasound 
contrast agents to the area under ultrasound examina-
tion. However, there is currently no clear clinical indica-
tion for the use of these agents in fetal ultrasound.83,84 
In addition, fetal stimulation caused by pulsed ultra-
sound insonation has been described, with no apparent 
relation to cavitation.85 This effect may be secondary to 
radiation forces associated with ultrasound exposures. 
No harmful effects of diagnostic ultrasound secondary 
to nonthermal mechanisms have been reported in 
human fetuses. However, because of these known 
mechanical effects of ultrasound in living tissues, and 
because pressures in Doppler propagation are much 
higher than in B-mode, further caution is recommended 
in the use of ultrasound, particularly in the first 
trimester.86
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within the embryonic cerebral cortex of the fetuses. 
Neurons generated at embryonic day 16 that normally 
migrate to the superficial cortical layers were chemically 
labeled. A small but statistically significant number of 
neurons remained scattered within inappropriate cortical 
layers and in the subjacent white matter, failing to 
acquire their proper position when exposed to ultra-
sound for a total of 30 minutes or longer during their 
migration. However, several major differences exist 
between this experimental setup and clinical ultrasound 
in humans,113 most notably the length of exposure (up 
to 7 hours). No real mechanistic explanation was given 
for the findings, there was no real dose-response effect, 
and scans were performed over a short period of several 
days. The experimental setup was such that embryos 
received whole-brain exposure to the beam, which is rare 
in humans (although possible very early in pregnancy), 
and the small brains of mice develop over days. Thus, 
although the study merits repeating, the applicability to 
human embryology is questionable.113

These animal studies suggest precaution with obstetric 
ultrasound. However, the animal studies to date do not 
implicate ultrasound used at daily clinical exposure levels 
with major adverse fetal effects.

Human Studies

Several epidemiologic studies on obstetric ultrasound 
exposure have been published,21,51,114-117 although some 
have serious limitations, such as lack of a testable hypoth-
esis for causation of the studied effect, small samples, 
poorly matched controls, and most often, lack of informa-
tion on acoustic output and exact quantification of expo-
sure (number of episodes, duration of exposure, and 
inability to calculate “dose”). These limitations are a major 
problem when analyzing published data,118 particularly 
with new imaging modalities that have potentially high 
energy levels and new applications of existing modalities. 
Typical examples are spectral Doppler ultrasound analysis 
of the tricuspid artery at 11 to 14 weeks’ gestation in 
screening for Down syndrome27 and studies of the fetal 
heart anatomy and function during the first trimes-
ter.75,119-122 There is no epidemiologic or other informa-
tion on levels of exposure or possible effects at these early, 
particularly susceptible gestational ages. Several “epide-
miologic” reports are actually case-control studies and 
require caution in interpretation. The effects being studied 
(e.g., low estimated fetal weight) may be the same as the 
clinical indication for performing the ultrasound exami-
nation (“suspected intrauterine growth delay”). Thus an 
association may exist between the ultrasound and the 
growth delay, but not a causal relationship.

A further crucial confounding factor is that major con-
genital anomalies occur in 3% to 5% of the general human 
population. An increment of 1% to 2% over this “back-
ground” incidence would be a major clinical effect but 
might go undetected as an individual finding in routine 
clinical practice, and would be detectable only after  

concluded that ultrasound exposure during the early 
fetal period can impair brain function in the adult 
mouse.109 In another study, the same authors found 
increased anxiolytic activity and learning latency in ultra-
sound-treated animals.110 Pregnant Swiss albino mice 
were exposed to similar diagnostic levels of ultrasound 
for 10 minutes on days 11.5 or 14.5. Behavioral tests at 
3 and 6 months postpartum showed more pronounced 
effects in the 14.5-day than in the 11.5-day group. The 
authors concluded that exposure to diagnostic ultra-
sound during the late organogenesis period or early  
fetal period in mice may cause changes in postnatal 
behavior.110

A very intriguing paper was published on memory 
changes in chicks after being insonated in ovo with 
various levels of Doppler ultrasound.111 Exposure was to 
5 or 10 minutes of B-mode, or to 1, 2, 3, 4, or 5 minutes 
of pulsed Doppler ultrasound. Two hours after hatching, 
chicks were trained to recognize certain colors in relation 
to some feeding procedures. B-mode exposure on day 19 
(of a 21-day gestation) did not affect memory. However, 
significant memory impairment occurred after 4 and 5 
minutes of pulsed Doppler exposure, as expressed by the 
inability to discern the colors. Short-, intermediate- and 
long-term memory was equally impaired, suggesting an 
inability to learn. The chicks were still unable to learn 
with a second training session. While there are major 
differences in terms of length of gestation, amount of 
“energy received,” and other technical issues when com-
pared with human fetal exposure, these findings raise 
important questions on the potential effect of pulsed 
Doppler ultrasound in utero exposure on cognitive 
function.

As mentioned previously, ultrasound induces thermal 
changes in various animals, and hyperthermia clearly is 
teratogenic to many species.35-44,68 In guinea pigs, mean 
temperature increases of 4.9° C close to parietal bone 
and 1.2° C in the midbrain were recorded after 2-minute 
ultrasound exposures, although at exposure conditions 
higher than usually employed in clinical examinations.68 
After only 2 minutes of insonation with an ISPTA of 
2.9 W/cm2 (about four times higher than the current 
FDA allowance for diagnostic use), mean maximum 
temperature increases varied from 1.2° C at 30 days to 
5.2° C at 60 days. Importantly, 80% of the mean 
maximum temperature increase occurred within 40 
seconds. This rapid rate of heating is relevant to the 
safety of clinical examinations in which the dwell time 
may be an important factor. Because maximal ultra-
sound-induced temperature increase occurs in the fetal 
brain near bone, worst-case heating will occur later in 
pregnancy, when the ultrasound beam impinges on 
bone, and less will occur earlier in pregnancy, when bone 
is less mineralized. This is one of the justifications to 
utilize thermal index for bone (TIB) late in pregnancy 
and thermal index for soft tissue (TIS) earlier.

In 2006, Ang et al.112 evaluated the effect of ultra-
sound insonation in pregnant mice on neuronal position 
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38 weeks of gestation, and half received a single ultra-
sound imaging at 18 weeks.143 An increased risk of IUGR 
was detected in those exposed to frequent Doppler ultra-
sound examinations, possibly through effects on bone 
growth. However, when children were examined at 1 
year of age, there were no differences between the study 
and control groups. In addition, after examining their 
original subjects after 8 years, the investigators found no 
evidence of adverse neurologic outcome.139 Similarly, 
other randomized studies found no harmful effect of  
one or two prenatal scans on growth.144,145 Curiously, in 
some studies, birth weight was slightly higher in the 
scanned group, but not significantly, except in one group 
of newborns exposed to ultrasound in utero who weighed 
on average 42 g (75 g in reported smokers) more than 
the control group.145

Although extensively analyzed, ultrasound exposure in 
utero does not appear to be associated with reduced birth 
weight, although Doppler ultrasound exposure may have 
some risks.116

Delayed Speech

To determine if an association exists between prenatal 
ultrasound exposure and delayed speech in children, 
Campbell et al.125 studied 72 children with delayed 
speech and found a higher rate of ultrasound exposure 
in utero than the 144 control subjects. However, this 
retrospective study used records more than 5 years old, 
with neither a dose-response effect nor any relationship 
to time of exposure. A much larger study of more than 
1100 children exposed in utero and 1000 controls found 
no significant differences in delayed speech, limited 
vocabulary, or stuttering.146

Dyslexia

Dyslexia has been extensively studied. Stark et al.127 
compared more than 4000 children (ages 7-12 years) 
exposed to ultrasound in utero to matched controls, 
analyzing outcome measures at birth (Apgar scores, ges-
tational age, head circumference, birth weight, length, 
congenital abnormalities, neonatal/congenital infection) 
or in early infancy (hearing, visual acuity/color vision, 
cognitive function, behavior). No significant differences 
were found, except for a significantly greater proportion 
of dyslexia in children exposed to ultrasound. Given the 
design of the study and the presence of several possible 
confounding factors, the authors indicated that dyslexia 
could be incidental.

Subsequently, long-term follow-up studies of more 
than 600 children with various tests for dyslexia (e.g., 
spelling, reading) were performed.147-151 End points 
included evaluation for dyslexia along with examination 
of non-right-handedness, said to be associated with dys-
lexia. No statistically significant differences were found 
between ultrasound-exposed children and controls for 
reading, spelling, arithmetic, or overall performance,  

prolonged observation in large populations. Also, some 
underreporting occurs; for example, a certain number of 
birth defects is expected in any ultrasound study in rela-
tively large (>1000) populations. Often, however, these 
studies describe no anomalies in the study group or in the 
control population; in a survey of more than 121,000 
patients among 68 examiners, combining 292 institute-
years of experience, 3000 to 5000 anomalies would be 
expected as background rate, but none were reported.123

In fact, rigorous epidemiologic studies of the adverse 
bioeffects of ultrasound are scarce. Several biologic end 
points have been analyzed in the human fetus or neonate 
to determine whether prenatal exposure to diagnostic 
ultrasound had observable effects: intrauterine growth 
restriction (IUGR) and low birth weight,124 delayed 
speech,125 vision and hearing,126 dyslexia,127 neurologic 
and mental development or behavioral issues,128,129 
malignancies,130 and non-right-handedness.131,132 Most 
findings have never been duplicated, and the majority of 
studies have been negative for any association, with the 
possible exception of low birth weight.

There are no epidemiologic studies related to the 
output display standard (thermal and mechanical indices) 
and clinical outcomes. Only a few clinical studies describe 
routine scan,133 first-trimester scan,134 particularly, 
nuchal translucency screening,135 as well as Doppler136 
and 3-D/4-D ultrasound.137 Furthermore, although 
some studies address the issue of repeat scans,138,139 it was 
not as an analysis of potential cumulative effects for 
which no information is available.

Birth Weight

In one often-quoted study in of more than 2000 infants, 
a small (116 grams at term) but statistically significant 
lower mean birth weight was found in the half exposed 
to ultrasound compared with the nonexposed group.140 
However, information was collected several years after 
exposure, with no indications known and no exposure 
information available. Moreover, in a later study, the 
authors concluded that the relationship of ultrasound 
exposure to reduced birth weight may be caused by 
shared common risk factors, which lead to both expo-
sure and a reduction in birth weight,141 an association 
but not a causal relationship.

A twice-greater risk of low birth weight was reported 
in another retrospective study after four or more expo-
sures to diagnostic ultrasound.21 These results were not 
reproduced in another retrospective study with a large 
population, originally of 10,000 pregnancies exposed to 
ultrasound matched with 500 controls and with 6-year 
follow-up.142 No increased congenital malformations, 
chromosomal abnormalities, infant neoplasms, speech or 
hearing impairment, or developmental problems were 
observed in this latter study.

In a randomized controlled trial of more than 2800 
pregnant women, about half received five ultrasound 
imaging and Doppler flow studies at 18, 24, 28, 34, and 
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Congenital Malformations

In humans, prenatal ultrasound has not been shown to 
result in an increased incidence of congenital anomalies, 
as found in animals.

Childhood Malignancies

No association has been found between ultrasound expo-
sure in utero and the later development of leukemia160,161 
or solid tumors in children.130,162-166

Again, although some of these studies were published 
in 2007 or 2008, the populations studied were exposed 
to ultrasound in utero 20 to 30 years ago, that is, with 
instruments generating lower outputs and with minimal 
or no information available on exposure conditions.

SAFETY GUIDELINES

It is difficult to issue precise safety recommendations 
because of the multitude of ultrasound instruments, each 
with a selection of transducers and used in a variety of 
applications. Patient characteristics further complicate 
the task.167 An easy way to reduce exposure is to reduce 
the thermal and mechanical indices (TI, MI), using the 
appropriate controls, and/or reduce the dwell time. The 
1999 statement of the British Medical Ultrasound 
Society (BMUS), reconfirmed in 2009, declares168:

For equipment for which the safety indices are displayed 
over their full range of values, the TI should always be less 
than 0.5 and the MI should always be less than 0.3. When 
the safety indices are not displayed, Tmax should be less than 
1° C and MImax should be less than 0.3. Frequent exposure 
of the same subject is to be avoided.

The BMUS has strict recommendations for maximum 
allowed exposure time (Tmax), depending on the TI 
(Table 29-1). Interested readers are strongly encouraged 
to go to the BMUS website for more detailed recom-
mendations in obstetric and other ultrasound.169 Miller 
and Ziskin59 demonstrated a logarithmic relationship 
between exposure duration and temperature elevation in 
producing harmful bioeffects in animal fetuses. For tem-
peratures below 43° C, the exposure time necessary for 
every 1° C increase in temperature was decreased by a 
factor of 4. Using a maximum “safe” exposure time of 4 
minutes for a temperature elevation of 4° C, based on 
these calculations, the following maximal exposure times 
are allowable with no obvious risks: 4 minutes at 4° C, 
16 at 3° C, 64 at 2° C and 128 at 1° C. General recom-
mendations from major organizations follow:
1. A diagnostic ultrasound exposure that produces a 

maximum in situ temperature rise of no more than 
1.5° C above normal physiologic levels (37° C) may 
be used clinically without reservation on thermal 
grounds.170

2. A diagnostic ultrasound exposure that elevates 
embryonic and fetal in situ temperature above  

as reported by teachers. Specific dyslexia tests showed 
similar incidence rates among scanned children and con-
trols in reading, spelling, and intelligence scores and no 
discrepancy between intelligence and reading or spelling. 
Therefore the original finding of dyslexia was not con-
firmed in subsequent randomized controlled trials.

It is considered unlikely that routine ultrasound 
screening can cause dyslexia.

Non-Right-Handedness

A possible link between prenatal exposure to ultrasound 
and subsequent non-right-handedness at age 8 to 9 years 
in children exposed to ultrasound in utero was first 
reported in 1993 from Norway.150 According to the 
authors, however, the difference was “only barely signifi-
cant at the 5% level” and was restricted to boys.152 A 
second group of researchers (including Salvesen, main 
author of the first study), studying a new population of 
over 3000 children from Sweden, reported similar find-
ings of a statistically significant association between 
ultrasound exposure in utero and non-right-handedness 
in males.131 Evidence is insufficient to infer a direct effect 
on brain structure or function, or even that non-right-
handedness is an adverse effect.

Neurologic Development and 
Behavioral Issues

Neurons of the cerebral neocortex in mammals, including 
humans, are generated during fetal life in the brain pro-
liferative zones and then migrate to their final destination 
by following an inside-to-outside sequence. This neuro-
nal migration occurs in the human fetal brain mainly 
from 6 to 11 weeks of gestation,153 but continue until 32 
weeks. It has long been thought that external factors such 
as ultrasound may theoretically affect this process.154 In 
another study, only two of 123 variables were found to 
be disturbed at birth, but not at 1 year of age, in children 
exposed in utero: grasp reflex and tonic neck reflex.155 
The significance was not elaborated, and some doubts 
exist regarding statistical validity. In a paper previously 
mentioned,127 vision and intelligence scores were identical 
among 425 exposed infants and 381 controls. A large 
report found no association between routine exposure to 
prenatal ultrasound and school performance (deficits in 
attention, motor control, perception, vision, and 
hearing).156 In more than 4900 children age 15 to 16 
years, no differences were found in school performance 
between exposed and nonexposed children, except for a 
lower score for exposed boys in physical education.157

Behavioral changes may be a more sensitive marker 
of subtle brain damage than obvious structural altera-
tions.158 Such changes have been described in animals,87,108 
although often transient.100 No changes have been 
reported in humans. In particular, schizophrenia and 
other psychoses have not been found to be associated 
with prenatal ultrasound exposure.159
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more than half a century. No confirmed biological effects 
have been described in patients as a result of exposure to 
diagnostic ultrasound. However, such effects have been 
described in animals, often at exposure levels higher than, 
but also occasionally equivalent to, those used in clinical 
practice. Epidemiologic information available is from 
studies performed on instruments with acoustic output 
much lower than current machines. Often, exposure data 
are insufficient and number of subjects too small. Fur-
thermore, “no reported effects” does not mean “no 
effects,” and such biologic effects may be identified in the 
future. Prudent use of ultrasound in fetal scanning, fol-
lowing the ALARA principle, is therefore recommended. 
Based on known mechanisms, there is no contraindica-
tion to the use of B-mode, M-mode, 3-D/4-D, and color 
Doppler ultrasound, when clinically indicated. However, 
special precaution is necessary when applying pulsed 
Doppler ultrasound, particularly in the first trimester.
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41° C (4° C above normal temperature) for 5 
minutes or more should be considered potentially 
hazardous.170,171 In this regard, maternal 
temperature elevation (e.g., from viral disease) 
should be considered because body temperature of 
the fetus will also be increased above normal.50

3. The risk of adverse effects is increased with the 
duration of exposure (dwell time).172

4. Based on available information, there is no reason 
to withhold scanning in B-mode for medical 
indications. The risk of thermal damage secondary 
to heating appears to be negligible.170

5. M-mode ultrasound appears to be safe and not to 
cause thermal damage.50

6. Spectral Doppler ultrasound may produce high 
intensities, and routine Doppler examination during 
the embryonic period is rarely indicated.173

7. Education of ultrasound operators is crucial; the 
responsibility for the safe use of ultrasound devices is 
shared between the users and the manufacturers, who 
should ensure the accuracy of the output display.173

8. The American Institute of Ultrasound in Medicine 
(AIUM) advocates the responsible use of diagnostic 
ultrasound and strongly discourages the nonmedical 
use of ultrasound for “entertainment” purposes. 
The use of ultrasound without a medical indication 
to view the fetus, obtain a picture of the fetus, or 
determine the fetal gender is inappropriate and 
contrary to responsible medical practice. Ultrasound 
should be used by qualified health professionals to 
provide medical benefit to the patient.29

9. Examinations should be kept as short as possible 
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as low as reasonably achievable (ALARA) 
principle.174

CONCLUSION

Diagnostic ultrasound has been used in medicine in 
general and obstetrics and gynecology in particular for 

TABLE 29-1. DURATION OF OBSTETRIC 
ULTRASOUND AS A FUNCTION OF 

THERMAL INDEX

THERMAL INDEX (TI) RECOMMENDED UPPER LIMIT

0.7 60 minutes
1 30 minutes
1.5 15 minutes
2 4 minutes
2.5 1 minute

Modified from British Medical Ultrasound Society. Guidelines for the safe use of 
diagnostic ultrasound equipment. 2000, reconfirmed 2009. http://www.bmus.org/
ultras-safety/us-safety04.asp.

http://www.bmus.org/ultras-safety/us-safety03.asp
http://www.bmus.org/ultras-safety/us-safety03.asp
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The first trimester of pregnancy is a period of 
rapid change that spans fertilization, formation of the 
blastocyst, implantation, gastrulation, neurulation, the 
embryonic period (weeks 6-10), and early fetal life.1 
First-trimester sonographic diagnosis traditionally 
focused on evaluation of growth by serial examination 
to differentiate normal from abnormal gestations. This 
has changed radically since the advent of transvaginal 
sonography (TVS), which affords enhanced resolution 
over transabdominal sonography (TAS), with earlier 
visualization of the gestational sac and its contents,2 
earlier identification of embryonic cardiac activity,3 and 
improved visualization of embryonic and fetal structures. 
As investigators have gained experience with high- 
resolution TAS and TVS, reliable indicators of early 
pregnancy failure have been identified, making serial 
examination necessary in only a minority of patients, 
resulting in decreased morbidity and patient anxiety.

Despite these technologic improvements, it is impor-
tant to set clinically relevant and realistic goals for first-
trimester sonographic diagnosis. Most examinations are 
requested because the patient has presented with vaginal 
bleeding or pain, or a palpable mass has been identified 

on physical examination. The referring physician usually 
requests the ultrasound examination to exclude a nonvi-
able pregnancy or an ectopic pregnancy.

The goals of first-trimester sonography include (1) 
visualization and localization of the gestational sac (intra-
uterine or ectopic pregnancy) and (2) early identification 
of embryonic demise and other forms of nonviable gesta-
tion. It also seeks to identify those embryos that are still 
alive but at increased risk for embryonic or fetal demise. 
In multifetal pregnancies, first-trimester ultrasound 
determines the number of embryos and the chorionicity-
amnionicity, estimates the duration or menstrual/gesta-
tional age of the pregnancy, and assists in early diagnosis 
of fetal abnormalities, including identification of embryos 
more likely to be abnormal, based on secondary criteria 
(e.g., abnormal yolk sac).

Current trends in ultrasound late in the first trimester 
focus on nuchal translucency screening combined with 
maternal age and maternal serum screening to determine 
the risk of chromosomal abnormalities and structural 
anomalies. Associated with the increased emphasis on 
late-first-trimester ultrasound and first-trimester screen-
ing, there is an opportunity to visualize fetal anomalies 

1072



Chapter 30 ■ The First Trimester  1073

follicle. It continues to enlarge until ovulation, with the 
remainder of the follicles becoming atretic. The develop-
ing follicles produce estrogen. The estrogen level remains 
relatively low until 4 days before ovulation, when the 
dominant or active follicle produces an estrogen surge, 
after which an LH and prostaglandin surge results in 
ovulation. Ovulation follows the LH peak within 12 to 
24 hours. Actual expulsion of the oocyte from the mature 
follicle is aided by several factors, including the intra-
follicular pressure, possibly contraction of the smooth 
muscle in the theca externa stimulated by prostaglan-
dins, and enzymatic digestion of the follicular wall.8

Ovulation occurs on approximately day 14 of the 
menstrual cycle with expulsion of the secondary oocyte 
from the surface of the ovary. In women with a men-
strual cycle longer than 28 days, this ovulation occurs 
later, so that the secretory phase of the menstrual cycle 
remains at about 14 days. After ovulation, the follicle 
collapses to form the corpus luteum, which secretes 
progesterone and, to a lesser degree, estrogen. If a preg-
nancy does not occur, the corpus luteum involutes. In 
pregnancy, involution of the corpus luteum is prevented 
by human chorionic gonadotropin (hCG), which is 
produced by the outer layer of cells of the gestational or 
chorionic sac (syncytiotrophoblast).

Before ovulation, endometrial proliferation occurs 
in response to estrogen secretion (Fig. 30-1). After ovula-
tion, the endometrium becomes thickened, soft, and 
edematous under the influence of progesterone.9 The 
glandular epithelium secretes a glycogen-rich fluid. If 
pregnancy occurs, continued production of progesterone 
results in more marked hypertrophic changes in the 
endometrial cells and glands to provide nourishment to 
the blastocyst. These hypertrophic changes are referred 
to as the decidual reaction and occur as a hormonal 
response regardless of the site of implantation, intrauter-
ine or ectopic.

Oocyte transport into the fimbriated end of the fal-
lopian tube occurs at ovulation as the secondary oocyte 
is expelled with the follicular fluid and is “picked up” by 
the fimbria. The sweeping movement of the fimbria, the 
currents produced by the action of the cilia of the 
mucosal cells, and the gentle peristaltic waves from con-
tractions of the fallopian musculature all draw the oocyte 
into the tube.10

The mechanism of sperm transport is not completely 
understood. From 200 to 600 million sperm and the 
ejaculate fluid are deposited in the vaginal fornix during 
intercourse. Sperm must move through the cervical canal 
and its mucous plug, up the endometrial cavity, and 
down the fallopian tube to meet the awaiting oocyte 
within the distal third or ampullary portion of the fal-
lopian tube. Sperm were thought to move primarily 
using their tails, although they travel at 2 to 3 mm per 
minute, which would take about 50 minutes to travel 
the 20 cm to their destination. Settlage et al.10 found 
motile sperm within the ampulla between 5 and 10 

earlier than at the time of the standard 18 to 20–week 
scan. First-trimester diagnosis of specific anomalies is 
discussed in the chapters covering those organ systems. 
This chapter discusses basic principles in the diagnosis 
of anomalies in the first trimester.

As experience with early first-trimester ultrasound 
evolves, there is controversy over the use of ultrasound 
parameters to diagnose early pregnancy failure or embry-
onic demise on a single examination.4 Current practice 
is based on the use of reliable sonographic indicators of 
ectopic pregnancy and embryonic demise. The accuracy 
of some sonographic signs used as indicators of the pres-
ence of a live embryo or of embryonic demise depends 
on the use of modern, high-resolution ultrasound equip-
ment and the operator’s expertise. Published values in 
the literature based on data using high-frequency trans-
ducers cannot be applied to lower-resolution 5.0-MHz 
transducers.5,6 The transvaginal signs listed in this chapter 
assume the use of modern equipment with a transducer 
frequency of at least 7 to 8 MHz, with meticulous scan-
ning technique. Furthermore, published values cannot 
be used as “absolute” values, and allowing at least a few 
millimeters leeway is critical when using these numbers. 
Nyberg and Filly4 emphasize that experienced physicians 
who interpret ultrasound rarely rely on a single param-
eter and simultaneously consider multiple variables to 
create a diagnostic impression.

Transvaginal color flow Doppler sonography became 
available in the early 1990s. Some authors have sug-
gested that color Doppler TVS provides improved diag-
nostic accuracy over gray-scale TVS in the identification 
of early intrauterine and ectopic pregnancies and may 
allow more definitive diagnoses at the initial examina-
tion.7 However this exposes the early intrauterine preg-
nancy (IUP) to the increased power deposition of 
Doppler scanning (see Chapter 29).

MATERNAL PHYSIOLOGY  
AND EMBRYOLOGY

All dates presented in this chapter are in menstrual age 
or gestational age, in keeping with the radiologic and 
obstetric literature, rather than in embryologic age, as 
used by embryologists. This can be counted as follows: 

Gestational age Conceptual age 2 weeks= +

Early in the menstrual cycle, the pituitary secretes rising 
levels of follicle-stimulating hormone (FSH) and lutein-
izing hormone (LH), which cause the growth of 4 to 12 
primordial follicles into primary ovarian follicles1 (Fig. 
30-1). When a fluid-filled cavity or antrum forms in the 
follicle, it is referred to as a secondary follicle. The 
primary oocyte is off to one side of the follicle and sur-
rounded by follicular cells or the cumulus oophorus. 
One follicle becomes dominant, bulges on the surface of 
the ovary and becomes a “mature follicle” or graafian 
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FIGURE 30-1. Schematic drawing of interrelationships among the hypothalamus, pituitary gland, ovaries, 
and endometrial lining. FSH, Follicle-stimulating hormone; LH, luteinizing hormone. (From Moore KL, Persaud TVN, editors. 
The developing human: clinically oriented embryology. 6th ed. Philadelphia, 1998, Saunders.)
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membrane into the hyperplastic endometrium, and 
implantation begins12 (Fig. 30-3, A).

Implantation is completed by day 23 as the endome-
trial membrane re-forms over the blastocyst (Fig. 30-3, 
B). During implantation, the amniotic cavity forms in 
the inner cell mass. A bilaminar embryonic disk separates 
the amniotic cavity from the exocoelomic cavity. The 
primary (primitive) yolk sac forms at about 23 days of 
gestational age as the blastocyst cavity becomes lined by 
the exocoelomic membrane and hypoblast (Fig. 30-4). 
As the extraembryonic coelom forms (Fig. 30-4, A), the 
primary yolk sac is pinched off and extruded, resulting 
in the formation of the secondary yolk sac (Fig. 30-4, 
B and C ). Standard embryology texts indicate that the 
secondary yolk sac actually forms at approximately 27 to 
28 days of menstrual age (MA), when the mean diameter 
of the gestational sac is approximately 3 mm. It is the 
secondary yolk sac, rather than the primary yolk sac, that 
is visible with ultrasound. For the remainder of this 
chapter, the term yolk sac is used to refer to the second-
ary yolk sac. The extraembryonic coelom becomes the 
chorionic cavity.

minutes after deposition near the external cervical os. If 
inert particles such as radioactive macroaggregates or 
carbon particles are placed near the external os, they  
too will be picked up and transported up the uterus  
and down the tubes. Contractions of the inner layer of 
myometrium probably create a negative pressure strong 
enough to suck up particles and move them up the 
endometrial canal. We have demonstrated these contrac-
tions in nonpregnant women and shown that they 
increase in strength and frequency to peak at 3.5 contrac-
tions per minute at ovulation.11

Fertilization occurs on or about day 14 as the mature 
ovum and sperm unite to form the zygote in the outer 
third of the fallopian tube (Fig. 30-2). Cellular division 
of the zygote occurs during transit through the fallopian 
tube. By the time the conceptus enters the uterus, about 
day 17, it is at the 12- to 15-cell stage (morula). By day 
20, the conceptus has matured to the blastocyst stage. 
The blastocyst is a fluid-filled cyst lined with trophoblas-
tic cells that contain a cluster of cells at one side called 
the inner cell mass. On day 20, the blastocyst at the site 
of the inner cell mass burrows through the endometrial 
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FIGURE 30-2. Diagram of ovarian cycle, fertilization, and human development to the blastocyst stage. 
(From Moore KL, Persaud TVN, editors. The developing human: clinically oriented embryology. 6th ed. Philadelphia, 1998, Saunders.)
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A

B
FIGURE 30-3. Implantation of the blastocyst into endometrium. Entire conceptus is approximately 0.1 mm at this 
stage. A, Partially implanted blastocyst at approximately 22 days. B, Almost completely implanted blastocyst at about 23 days. (From 
Moore KL, Persaud TVN, editors. The developing human: clinically oriented embryology. 6th ed. Philadelphia, 1998, Saunders.)
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A

B C
FIGURE 30-4. Formation of secondary yolk sac. A, Approximately 26 days: formation of cavities within extraembryonic 
mesoderm. These cavities will enlarge to form extraembryonic coelom. B, About 27 days, and C, 28 days: formation of secondary yolk 
sac with extrusion of primary yolk sac. Extraembryonic coelom will become chorionic cavity. (From Moore KL, Persaud TVN, editors. The 
developing human: clinically oriented embryology. 6th ed. Philadelphia, 1998, Saunders.)
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Later, because of differential growth, the yolk sac 
comes to lie between the amnion and chorion. During 
week 4, there is rapid proliferation and differentiation of 
the syncytiotrophoblast, forming primary chorionic 
villi. Traditional thinking that the syncytiotrophoblastic 
cells invade the maternal endometrial vessels, leaving 
maternal blood to bathe the trophoblastic ring, has been 
challenged. Hustin12 compared transvaginal imaging to 
hysteroscopy of the placenta, chorionic villous sampling 
tissue, and hysterectomy specimens with an early preg-
nancy in situ. Before 12 weeks, the intervillous space 
contains no blood, only clear fluid, and on histologic 
examination, the villous tissue is separated from the 
maternal circulation by a continuous layer of trophoblas-
tic cells. Only after the third month does the trophoblas-
tic shell become broken and the maternal circulation 
become continuous with the intervillous space. Further, 
at weeks 8 and 9 of gestation, the trophoblastic shell 
forms plugs within the spiral arteries, allowing only fil-
tered plasma to permeate the placenta.13 In two thirds of 
abnormal pregnancies, the trophoblastic shell is thinner 
and fragmented, and the trophoblastic invasion of the 
spiral arteries is reduced or absent.14

Vascularization of the placenta occurs at the begin-
ning of the fifth week. Oh et al.15 showed significant 
increases in sac size from 5 weeks onward in normal 
pregnancies versus pregnancy failures. The rationale for 
placental vascularization was based on early work by 
Folkman,16 who showed that tumors can grow to a size 
of 3 mm being nourished only by diffusion. To exceed 
this size, cells must recruit host blood vessels, or the cells 
at the center will receive inadequate nutrition. Similarly, 
the rapidly growing embryonic implantation must be 
vascularized by the 3-mm stage that occurs at 5 weeks’ 
gestation.

During the fifth week, the embryo is converted by the 
process of gastrulation from a bilaminar disk to a tri-
laminar disk with the three primary germ cell layers: 
ectoderm, mesoderm, and endoderm. During gastrula-
tion, the primitive streak and notochord form. The 
primitive streak gives rise to the mesenchyme, which 
forms the connective tissue of the embryo and stromal 
components of all glands.

The formation of the neural plate and its closure to 
form the neural tube is referred to as neurulation. This 
process begins in the fifth week in the thoracic region 
and extends caudally and cranially, resulting in complete 
closure by the end of the sixth week (day 42). Failure of 
closure of the neural tube results in neural tube defects.

During the fifth week, two cardiac tubes (the primi-
tive heart) develop from splanchnic mesodermal cells. By 
the end of the fifth week, these tubes begin to pump into 
a primitive paired vascular system. By the end of the fifth 
week, a vascular network develops in the chorionic villi 
that connect through the umbilical arteries and vein to 
the primitive embryonic vascular network.

Essentially all internal and external structures present 
in the adult form during the embryonic period, which 
ends at 10 menstrual weeks. By the end of the sixth week, 
blood flow is unidirectional, and by the end of the eighth 
week, the heart attains its definitive form. The peripheral 
vascular system develops slightly later and is completed 
by the end of the tenth week. The primitive gut forms 
during week 6. The midgut herniates into the umbilical 
cord from week 8 through the end of week 12. The 
rectum separates from the urogenital sinus by the end of 
week 8, and the anal membrane perforates by the end of 
week 10. The metanephros, or primitive kidneys, ascend 
from the pelvis, starting at approximately week 8, but do 
not reach their adult position until week 11. Limbs are 
formed with separate fingers and toes. Almost all con-
genital malformations except abnormalities of the geni-
talia originate before or during the embryonic period. 
External genitalia are still in a sexless state at the end of 
week 10 and do not reach mature fetal form until the 
end of week 14.

Early in the fetal period, body growth is rapid and 
head growth relatively slower, with the crown-rump 
length doubling between weeks 11 and 14.

SONOGRAPHIC APPEARANCE OF 
NORMAL INTRAUTERINE 
PREGNANCY

Gestational Sac

Implantation usually occurs in the fundal region of the 
uterus between day 20 and day 23.17 In a study of early 
implantation sites in 21 patients it was found that 
implantation occurs most frequently on the uterine wall 
ipsilateral to the ovulating ovary and least often on the 
contralateral wall.17 In addition, in a study of predomi-
nant sleeping positions in the peri-implantation period, 
Magann et al.18 found that the 33% of women who slept 
prone were most likely to have a high or fundal implan-
tation than those who slept on their back or side. The 
latter groups predominantly had implantations corre-
sponding to their resting posture.

At 23 days, the entire conceptus measures approxi-
mately 0.1 mm in diameter and cannot be imaged by 
TAS or TVS techniques. The earliest sonographic sign 
of an IUP was described by Yeh et al.,19 who identified 
a focal echogenic zone of decidual thickening at the site 
of implantation at about 31

2  to 4 weeks of gestational 
age. This sign is nonspecific and of limited diagnostic 
value.

The first reliable gray-scale evidence of an IUP is 
visualization of the gestational sac within the thickened 
decidua. Yeh et al.19 originally identified this sign, 
referred to as the intradecidual sign (Fig. 30-5). An 
intradecidual gestational sac should be eccentrically 
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Reference Preparation (IRP) has been developed more 
recently and is in common usage. The IRP/IS prepara-
tions differ by a factor of approximately 2 : 1, although 
this ratio varies among laboratories. To convert from 
the Second IS to the First IRP, the following formula 
can be used: 

β β-hCG IRP -hCG nd IS( ) ÷ ( ) =2 2

A gestational sac can often be visualized sonographi-
cally at low serum β-hCG levels. Extensive effort has 
been made to identify a discriminatory level for the 
serum β-hCG above which it is abnormal not to be able 
to identify a gestational sac with ultrasound. Using TAS, 
Nyberg et al.21 demonstrated gestational sacs in 36/36 
patients with normal IUP in whom serum β-hCG was 
greater than 1800 mIU/mL (Second IS).

In a subsequent article by Nyberg et al.,22 TVS cor-
rectly identified intrauterine gestational sacs in 20% of 
patients with β-hCG levels below 500 mIU/mL (Second 
IS), four of five patients with β-hCG levels of 500 to 
1000 mIU/mL, and all 17 with β-hCG levels greater 
than 1000 mIU/mL. Bree et al.23 identified a discrimina-
tory level of 1000 mIU/mL (IRP) for TVS.

In a series of 60 patients whose ovulation was  
timed by ultrasonic follicle monitoring, Sengoku et al.24 
assessed sac appearance, size, and levels of β-hCG. 
Only 10 sacs were seen with a β-hCG of less than 
1000 mIU/mL (IRP), five of six sacs with levels of 1000 
to 2000 mIU/mL, and all sacs with levels above 
2000 mIU/mL.

Keith et al.25 found that the β-hCG level above 
which a singleton sac was always seen with TVS was 
1161 mIU/mL (Third International Standard). This 

located within the endometrium and should abut the 
endometrial canal. It is important to ensure that the sac 
abuts the endometrial canal to distinguish an intrauter-
ine gestational sac from a decidual cyst.19

As a general rule, it is possible to demonstrate an early 
IUP as a small intradecidual sac between 41

2  and 5 
weeks’ gestational age using TVS (Fig. 30-6). Oh et al.15 
used a high-frequency (7.5-10 MHz) transvaginal trans-
ducer and were able to identify a gestational sac in all 67 
patients scanned between 28 and 42 days’ gestational age; 
mean sac diameter between 28 and 35 days was 2.6 mm.

In a literature review, Nyberg and Filly4 noted the 
importance of the appropriate use of a threshold level 
and a discriminatory level for the appearance of a gesta-
tional sac. The threshold level identifies the earliest one 
can expect to see a sac (4 weeks, 3 days), and the dis-
criminatory level identifies when one should always see 
the sac (5 weeks, 2 days). Although the menstrual history 
provides useful information early in a woman’s obstetric 
care, because of the variability in the timing of ovulation 
and the unreliability of menstrual history, discriminatory 
levels based on history are of limited clinical use. Dis-
criminatory levels using the serum beta subunit of human 
chorionic gonadotropin (β-hCG) provide a more repro-
ducible value that can help guide management in clinical 
practice.

The serum β-hCG level becomes positive shortly 
after implantation, long before the gestational sac is 
visualized sonographically. A disproportionately low 
β-hCG is an indicator of a poor prognosis.20 Although 
many earlier studies (from the 1970s) use the Second 
International Standard (IS) for serum β-hCG, the 
World Health Organization (WHO) First International 

BA

FIGURE 30-5. Intradecidual sac sign. A, Sagittal scan at 4 weeks, 4 days shows implantation site as a 2-mm focal thickening 
of posterior endometrium (arrow). The chorionic fluid in the sac is just barely visible. The mass slightly displaces the endometrial stripe 
and has a slightly echogenic rim. B, Color Doppler image shows prominent terminal portion of a spiral artery (arrow) extending up to 
the sac.
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A B

C D

FIGURE 30-6. Intradecidual sac sign. A, Transabdominal scan at 32 days. The small sac is not visualized in this scan. B and C, 
Transvaginal scans the same day showing the echogenic ring of the sac (black arrow) implanted just below the endometrial interface (white 
arrow). D, Color Doppler flow of a feeding spiral artery adjacent to the sac with low-velocity flow of 10 cm/sec.

increased to 1556 mIU/mL in twins and 3372 mIU/mL 
in triplets. When applying discriminatory levels in clini-
cal practice, it is important to remember that the actual 
discriminatory level depends of the (1) resolution of the 
ultrasound scanner, (2) patient’s body habitus, (3) posi-
tion of the uterus, and (4) type of hormonal assay. 
Keith’s data emphasize that the use of discriminatory 
levels in isolation to effect clinical decision making 
ignores multifetal gestation. Discriminatory levels can be 
used to guide management but cannot be used as abso-
lute indicators that the absence of a sonographically 
demonstrable gestation sac is abnormal. In a study of 
pregnancies achieved by assisted reproductive tech-
niques, Pellicer et al.26 found that an embryonic sac 
could be visualized at 37 to 38 menstrual days.

The double-decidual sign was previously described 
by Nyberg et al.27 as a method of differentiation between 
an early IUP and the pseudosac of an ectopic pregnancy. 
The endometrium in the pregnant state is actually called 
the decidua capsularis, decidua vera, and decidua basalis 
(Figs. 30-7, 30-8, and 30-9). The double-decidual sign 
is based on visualization of the gestational sac as an 
echogenic ring formed by the decidua capsularis and 
chorion laeve eccentrically located within the decidua 
vera (Fig. 30-7), forming two echogenic rings. The outer 
ring is formed by the echogenic endometrium of the 
lining of the uterus. The decidua basalis–chorion fron-
dosum (future placenta) may also be visualized as an area 
of eccentric echogenic thickening. The double-decidual 
sign can usually be identified by about 5.5 to 6 weeks’ 
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FIGURE 30-7 Double-decidual sign. 
Diagram of anatomic basis showing three layers of 
decidua and endometrial cavity. (From Lyons EA, 
Levi CS. The first trimester. Radiol Clin North Am 
1982; 20:259.)

16,082 mIU/mL) and thin, less clearly defined or even 
absent in the earliest pregnancies. The pseudo–gesta-
tional sac may occasionally appear as a double-decidual 
sac or chorionic rim sign, but further scanning should 
differentiate the two.

Using a higher-frequency 10-MHz transvaginal trans-
ducer in scanning patients who had a positive pregnancy 
test and only a small (<1 cm) intrauterine “fluid collec-
tion” seen with a 6- to 7-MHz transducer, Benacerraf  
et al.29 were able to improve their diagnostic confidence 

FIGURE 30-8. Decidual layers. Sagittal transvaginal sono-
gram at 7 weeks shows the gestational sac (arrowhead) and the 
maternal decidua (arrow) as separate echogenic bands.

B
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FIGURE 30-9. Subchorionic hemorrhage. A, Transab-
dominal scan at 10 weeks. The sac and embryo are seen as well as 
a fluid collection (arrow) behind the chorion, a subchorionic 
hemorrhage. (arrow) B, Transvaginal sagittal and 3-D scans show 
the fluid collections (arrows); e, embryo; c, chorion.

gestational age, at approximately the same time that  
the yolk sac becomes visible with TVS. A well-defined 
double-decidual sign is an accurate predictor of the pres-
ence of an intrauterine gestational sac. A vague or absent 
double-decidual sign may be seen in some patients with 
a fluid-filled pseudosac associated with an ectopic preg-
nancy and should be considered nondiagnostic.

The double-decidual sign was originally described as 
specific for an early IUP. Yeh et al.19 clearly saw the 
double-decidual sign in 30.6%, vaguely in 33.3%, and 
not at all in 36.1% of IUPs at 31

2  to 7 weeks’ gestational 
age. They identified a double-decidual sign in two of five 
ectopic pregnancies, casting doubt on the usefulness of 
this sign. In our experience, a clear double-decidual sign 
is useful in predicting the presence of an IUP. A vague 
or absent double-decidual sign is considered nondiag-
nostic. Parvey et al.28 found a double-decidual sac in only 
53% of early pregnancies with no yolk sac or embryo 
present. They also assessed visualization of the echogenic 
chorionic rim alone as a sign of IUP and found its  
presence in 64% of cases. It was more clearly defined in 
later pregnancies with a higher β-hCG level (mean, 
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intradecidual arterial-type flow. A specificity and positive 
predictive value of 95% could be achieved in diagnosing 
an intrauterine gestation by using a peak systolic intra-
decidual flow velocity of 15 cm/sec or more and a resis-
tive index (RI) of 0.55 or less. As mentioned previously, 
however, use of Doppler ultrasound on the early gesta-
tional sac increases the amount of power deposition 
compared to gray-scale imaging and therefore is infre-
quently used.

Yolk Sac

The yolk sac is the first structure to be seen normally 
within the gestational sac. Using TAS, it is often seen 
when the mean gestational sac diameter (MSD) is 
10 to 15 mm and should always be visualized by an 
MSD of 20 mm.33 Transvaginal techniques allow earlier 
and more detailed visualization of the yolk sac (Fig. 
30-11), which should always be visualized by an MSD 
of 8 mm.34

The demonstration of a yolk sac may be critical in 
differentiating an early intrauterine gestational sac from 
a pseudosac.34 Although the double-decidual sign is not 
100% specific for presence of an IUP, the identification 
of a yolk sac within the early gestational sac is diagnostic 
of IUP (Fig. 30-12). The yolk sac plays an important 
role in human embryonic development.1 While the pla-
cental circulation is developing, the yolk sac has a role 
in transfer of nutrients to the developing embryo in the 
third and fourth weeks. Angiogenesis (blood vessel for-
mation) occurs in the wall of the yolk sac in the fifth 
week. The mesenchymal cells or angioblasts aggregate to 
form “blood islands”; a cavity forms within these islands, 
which fuse with others to form networks of endothelial 
channels. Vessels extend into adjacent areas by endothe-
lial budding and fusion with other vessels. This vascular 
network in the wall of the yolk sac eventually joins the 
fetal circulation via the paired vitelline arteries and veins 
through a stalk called the vitelline duct. Hematopoiesis 
(blood cell formation) occurs first in the well-vascular-
ized extraembryonic mesoderm covering the yolk sac 
wall in the fifth week, in the liver in the eighth week, 
and later in the spleen, bone marrow, and lymph nodes. 
The dorsal part of the yolk sac is incorporated into the 
embryo as primitive gut (foregut, midgut, and hindgut) 
in the sixth week. The yolk sac remains connected to the 
midgut by the vitelline duct. In some cases the vitelline 
duct can be demonstrated sonographically (Figs. 30-13 
and 30-14).

Lindsay et al.35 reported that the yolk sac grows at a 
rate of 0.1 mm per millimeter of MSD growth when the 
MSD is less than 15 mm, then slows to 0.03 mm. The 
upper limit of normal for yolk sac diameter between 5 
and 10 weeks of gestational age is 5.6 mm.

The number of yolk sacs present can be helpful in 
determining amnionicity of a multifetal pregnancy (Fig. 
30-15). In general, if the embryos are alive, the number 

in all eight patients with an IUP. This demonstrates the 
need to scan transvaginally with a high-frequency trans-
ducer when an early pregnancy is in question.

The normal gestational sac is round in the very early 
stages and implants immediately beneath the thin, echo-
genic endometrial stripe (see Fig. 30-6, C ). As it enlarges, 
the sac often has a somewhat oval shape because of the 
pressure exerted by the muscular uterine walls. It can be 
distorted during the transvaginal examination by com-
pressing the uterus with the vaginal probe. The gesta-
tional (or chorionic) sac is filled with extracoelomic or 
chorionic sac fluid that is normally weakly reflective 
and more echogenic than the amniotic fluid. This dif-
ference is best appreciated if the system gain is increased. 
The low-level echoes within the chorionic fluid are 
accentuated, and yet the amniotic fluid remains echo 
free30 (Fig. 30-10). The low-level echoes are likely caused 
by the relatively thick proteinaceous material in chori-
onic fluid.31

Transvaginal color flow Doppler sonography may 
be helpful in identifying the presence of an early intra-
uterine gestational sac (see Figs. 30-5, B, and 30-6, D). 
It has also proved helpful in distinguishing a normal 
from a failed intrauterine gestation and in the detection 
of an ectopic pregnancy through the exclusion of an 
IUP.32 Emerson et al.32 found that the detection of peri-
trophoblastic flow of high velocity and low impedance 
increased the sensitivity of detection of IUP from 90% 
to 99%. Even before a sac is seen, flows of 8 to 30 cm/
sec were found in the endometrium at the implantation 
site. Parvey et al.28 found that 15% of IUPs without the 
presence of a sac had high-velocity, low-impedance, 

AC

CC

SCH

FIGURE 30-10. Echogenicity of fluids. Transvaginal 
sonogram of a 12-week sac with the echo-free amniotic fluid (AC), 
mildly echogenic chorionic fluid (CC), and more echogenic blood 
in the subchorionic space (SCH).
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A B

C D

FIGURE 30-11. Early sac and embryo. A, Transverse transvaginal sonogram of the anteverted uterus (UT) demonstrates a small 
gestational sac at 4 weeks, 3 days. B, Sonogram at 5 weeks, 6 days shows an enlarging gestational sac with the appearance of a 2-mm yolk 
sac (arrow). C, Magnified view of the sac reveals a 2.5-mm embryo (calipers); CRL, crown-rump length. D, M-mode ultrasound shows 
cardiac motion at a fetal heart rate (FHR) of 107 beats/min (arrow).

A B

FIGURE 30-12. Normal yolk sac. A, Nine weeks. B, Eight weeks.
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Visualization of the vitelline arteries and veins is pos-
sible on the vitelline duct and should be possible on the 
periphery of the yolk sac itself. A magnified 9 weeks sac 
shows irregularities in the wall of the yolk sac that cor-
respond to the arteries (Fig. 30-16).

Embryo and Amnion

Yeh and Rabinowitz37 described the double-bleb sign as 
the earliest demonstration of the amnion. The two blebs 
represent the amnion and yolk sac and can be identified 
as early as 51

2  weeks when the crown-rump length 
(CRL) is 2 mm. At that point, the embryonic disk is 
situated between the yolk sac and amnion. However, 
although visualization of the tiny (<2 mm) bleb of 
amnion may occur before visualization of the embryo, 
this is a transient phenomenon. Visualization of the 
amnion in the absence of an embryo usually occurs in 
intrauterine embryonic death as a result of resorption of 
the embryo (Fig. 30-17).

Amniotic fluid initially is a colorless, fetal dermal tran-
sudate; as the skin cornifies and the kidneys begin to 
function, at about 11 weeks, it becomes pale yellow. 
Birnholz and Madanes30 calculated the amniotic fluid 
volume after subtracting the estimated volume of the 
embryo.30 The amnion becomes visible when the embryo 
has a CRL of 2 mm at 6 weeks. The cavity becomes almost 
spherical by about 7 weeks, likely a result of the more 
rapid increase in fluid volume relative to the growth of 
the sac membrane to accommodate it. The actual rate of 
fluid increase is more rapid after about 9 weeks, when fetal 
urine is produced. Fluid accumulates at about 5 mL (cc) 
per day at 12 weeks’ MA. The amniotic cavity expands to 
fill the chorionic cavity completely by week 14 to 16. It 
is normal to identify the amnion as a separate membrane 
or sac within the chorionic cavity before 14 to 16 weeks 
(Fig. 30-18). Occasionally, the amnion and chorionic 
membranes may fail to fuse at week 16, and separation of 
these membranes may persist for a short time.38

Iatrogenic or spontaneous rupture of the amniotic 
membrane is a rare occurrence and even more rarely 
results in the amniotic band sequence. This rupture 
may result in retraction of the amnion in part or in 
whole, up to the base of the umbilical cord where the 
two membranes are adherent. More often, the floating 
amniotic membranes do not adhere to the fetus, and no 
fetal anomalies occur.

Embryonic Cardiac Activity

Using TVS, an embryo with a CRL as small as 1 to 
2 mm may be identified immediately adjacent to the 
yolk sac (Fig. 30-19). In normal pregnancies the embryo 
can be identified in gestational sacs as small as 10 mm4 
and should always be identified when the MSD is 16 to 
18 mm or larger with optimal scanning parameters and 
high-resolution TVS.

of yolk sacs and the number of amniotic sacs are the 
same. In a monochorionic monoamniotic (MCMA) 
twin gestation, there will be two embryos, one chorionic 
sac, one amniotic sac, and one yolk sac. Levi et al.36 
examined four MCMA twin pregnancies, all with a 
single yolk sac. One was a conjoined twin and one a twin 
ectopic, with both pregnancies terminated. The other 
two pregnancies delivered normally at 34 weeks. Of  
the four cases, two had a larger-than-normal yolk sac 
(>5.6 mm), and two had a normal sac. Therefore, in 
MCMA twins, a single, large, or normal-sized yolk sac 
with two live embryos can result in a normal twin 
delivery.

e

ys

FIGURE 30-13. Normal embryo at 8 weeks. Trans-
vaginal sonogram shows vitelline duct (arrow), yolk sac (ys), and 
embryo (e).

Chorion

Subchorionic bleed

VD

YS

FIGURE 30-14. Vitelline duct. Three-dimensional (3-D) 
ultrasound image of an embryo at 8 weeks with the vitelline duct 
(VD) connecting to the yolk sac (YS). There is also a subchorionic 
hemorrhage.
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A B

FIGURE 30-15. Six-week monochorionic diamniotic (MCDA) twins. Two separate yolk sacs are seen within a single 
gestational sac at 6 weeks on 2-D (A) and 3-D (B) images.

A B

C

FIGURE 30-16. Normal yolk sac and vitelline duct. Transvaginal scans of 9-week pregnancy focusing on the yolk sac (A) 
and flow within the vitelline duct (B and C).
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+

+

FIGURE 30-17. Monochorionic and diamniotic 
twins with one intrauterine embryonic death and 
one alive. Transvaginal sonogram at 10 weeks. On the left the 
arrow is pointing to one of two adjacent sacs, one is the amnion 
and the other the yolk sac. To the right is a single yolk sac (calipers) 
with the live embryo not in the scan plane. Both embryos went 
on to abort.

AM

FIGURE 30-18. Normal 9-week embryo/amnion. 
Normal separation of amnion (arrow) and chorionic sacs at 9 
weeks. Transvaginal sonography shows the embryo (calipers) and 
the amnion (AM).

A B

FIGURE 30-19. Normal 6-week embryo. A, Image shows 6-week embryo (calipers) adjacent to the yolk sac. B, M-mode ultra-
sound shows a heart rate of 141 beats/min.

Embryologic data suggest the tubular heart begins  
to beat at 36 to 37 days’ gestational age.1 Cadkin and 
McAlpin39 described cardiac activity adjacent to the yolk 
sac before visualization of the embryo at the end of  
the fifth week. Ragavendra et al.40 placed a 12.5-MHz 
endoluminal catheter transducer into the endometrial 

canal adjacent to the gestational sac. They identified 
cardiac activity in an embryo with a CRL of 1.5 mm and 
resolved the two walls of the heart, seen only as a tube. 
Using TVS, absent cardiac activity may be normal in 
embryos of less than 4 to 5–mm CRL. In general, cardiac 
activity can be visualized in normal embryos of greater 
than 5-mm CRL. Normal embryonic cardiac activity is 
greater than 100 beats per minute (Video 30-1).

Umbilical Cord and Cord Cyst

The umbilical cord is formed at the end of the sixth week 
(CRL = 4.0 mm) as the amnion expands and envelops 
the connecting stalk, the yolk stalk, and the allantois. 
The cord contains two umbilical arteries, a single umbili-
cal vein, the allantois, and yolk stalk (also called the 
omphalomesenteric duct or vitelline duct), all of which 
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are imbedded in Wharton’s jelly. The umbilical arter-
ies arise from the fetal internal iliac arteries and in the 
newborn become the superior vesical arteries and the 
medial umbilical ligaments. The umbilical vein carries 
oxygenated blood from the placenta to the fetus. The 
oxygenated blood is shunted through the ductus venosus 
into the inferior vena cava and the heart. The single left 
umbilical vein in the newborn becomes the ligamentum 
teres, which attaches to the left branch of the portal vein. 
The ductus venosus becomes the ligamentum venosum.

The allantois is associated with bladder development 
and becomes the urachus and the median umbilical liga-
ment. It extends into the proximal portion of the umbili-
cal cord. The yolk stalk connects the primitive gut to 
the yolk sac. The paired vitelline arteries and veins 
accompany the stalk to provide blood supply to the yolk 
sac. The arteries arise from the dorsal aorta to supply 
initially the yolk sac, then the primitive gut. The arteries 
remain as the celiac axis, superior and inferior mesenteric 
arteries supplying the foregut, midgut, and hindgut, 
respectively. The vitelline veins drain directly into the 
sinus venosus of the heart. The right vein is later incor-
porated into the right hepatic vein. The portal vein is 
also formed by an anastomotic network of vitelline veins.

The length of the umbilical cord has a close linear 
relationship with gestational age in normal pregnancies. 
Hill et al.41 found they could reliably measure the cord 
lengths in 53 fetuses at 6 to 11 weeks’ gestational age. 
Also, the cord lengths in 60% of dead fetuses were more 
than two standard deviations (2 SD) below the value for 
that expected gestational age.

The width of the umbilical cord has also been mea-
sured sonographically in first-trimester pregnancies, and 
Ghezzi et al.42 found a steady increase from 8 to 15 
weeks. There was a significant correlation between cord 
diameter and gestational age (r = 0.78; p <0.001), CRL 
(r = 0.75; p <0.001), and biparietal diameter (r = 0.81; 
p <0.001), but no correlation with birth weight or 
placental weight. The cord diameter was significantly 
smaller by at least 2 SD in patients who developed pre-
eclampsia or had a miscarriage.

Cysts and pseudocysts within the cord have been 
described in the first trimester.43 Cysts are usually seen 
in the eighth week and disappear by the 12th week. They 
are singular, closer to the fetus than the placenta, with a 
mean size of 5.2 mm. Cysts may originate from rem-
nants of the allantois or omphalomesenteric duct and 
characteristically have an epithelial lining44 and usually 
resolve in utero. Although umbilical cord cysts have been 
associated with chromosomal abnormalities if seen in the 
second and third trimesters, those seen in the first tri-
mester have been normal at delivery. It is hypothesized 
that the cyst is an amnion inclusion cyst that occurs as 
the amnion was enveloping the umbilical cord (Fig. 
30-20). In a series of 1159 consecutive patients scanned 
between 7 and 14 weeks, Ghezzi et al.45 found 24 cord 
cysts at a prevalence of 2.1%. Single cysts in the first 

A B

C

FIGURE 30-20. Umbilical cord cyst. A, Live embryo at 
9 weeks’ menstrual age with a cyst on the cord (arrow) close to 
the embryonic end. On subsequent examination (not shown) the 
cyst was no longer seen. B, Color Doppler image of the cord and 
cyst with flow in the vessels of the cord and no flow in the cyst. 
C, Another example of a 9-week cord cyst (arrow) in the midpor-
tion of the cord, with good visualization of the whole cord, 
embryo, and yolk sac.

trimester were associated with a normal outcome and  
a healthy infant, whereas multiple or complex cysts  
were associated with an increased risk of miscarriage or 
aneuploidy.

ESTIMATION OF  
GESTATIONAL AGE

During the first trimester, gestational age may be esti-
mated sonographically with greater accuracy than at any 
other stage of pregnancy. As pregnancy progresses, bio-
logic variation results in wider variation around the 
mean for all sonographic parameters at a given gesta-
tional age. In order of appearance, the following struc-
tures can be measured as indicators of gestational age: 
sac, CRL, and biparietal diameter.
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EARLY PREGNANCY FAILURE

One of the most important roles of ultrasound in the 
first trimester is to identify early pregnancies that have 
already failed or that are more likely to fail. Many clinical 
and sonographic terms are used to describe an early 
pregnancy failure. This term is descriptive of a process 
rather than of what one suspects based on the clinical or 
sonographic changes. The pregnancy shows sonographic 
evidence that the process of growth and development has 
stopped, ideally with supportive clinical findings. A 
large, empty gestational sac; a gestational sac and yolk 
sac only; a smaller-than-normal or even an appropriate-
sized embryo with no cardiac activity; or only the rem-
nants of a gestational sac all could be appropriately 
described as “early pregnancy failure.” The clinical 
descriptors of “threatened” or “missed” or “incomplete” 
abortion or “blighted ovum” contribute little to the 
understanding of the findings. Early pregnancy failure 
indicates that whatever is in the endometrial cavity, it 
will never produce a live baby.

Studies have demonstrated a 20% to 31% rate of 
early pregnancy loss after implantation in normal healthy 
volunteers.48,49 Overall, about 75% of all pregnancies 
will fail. About 15% of fertilized ova fail to divide, 15% 
are lost before implantation, 30% during implantation, 
13% to 16% after implantation and before the first 
missed period,49 and 9% to 10% after the first missed 
period. Wilcox et al.48 found that the rate of unrecog-
nized or preclinical pregnancy loss after implantation 
was 22%. Many pregnancies aborted before the time 
when a gestational sac would be demonstrable by TVS. 
The higher numbers of preclinical losses reported more 
recently likely reflect the use of more sensitive pregnancy 
tests. Cytogenetic abnormalities have also been docu-
mented in 20% of ostensibly normal in vitro fertiliza-
tion embryos.50 All these findings are consistent with 
the early pathologic studies of Hertig and Rock,49 who 
showed a high frequency of morphologic abnormalities 
in preimplantation embryos. Loss rates are increased 
with increased maternal age and use of tobacco and 
alcohol.

Sorokin et al.51 performed chorionic villous sampling 
(CVS) in 795 first-trimester pregnancies and found that 
35 had a nonviable pregnancy before the procedure; 19 
of the 35 women had subsequent CVS, and all were 
aneuploid. Ten cases had chromosomal abnormalities, 
virtually always lethal in the embryonic period, and nine 
had defects with moderate potential for fetal viability. 
Gestations with low viability potential had a larger dis-
crepancy (23.4 ± 8.3 days) in estimated minus observed 
gestational age, which was significantly greater than that 
of gestations with moderate viability potential (8.9 ± 4.3 
days; p <0.001). The absence of an embryonic pole was 
more common in the first group. This demonstrates that 
the more severe the anomaly, the more likely that very 

Gestational Sac Size

It is possible to estimate gestational age from weeks 5 to 
10 on the basis of gestational sac size. Dating of the 
gestational sac alone is important because it is the first 
structure seen before visualization of the yolk sac and 
then the embryo. The pregnancy should be followed, 
however, until the embryo with cardiac activity is identi-
fied as a reliable indicator of embryonic life. Most prac-
titioners actually “eyeball” the sac; if MSD is very small, 
about 2 mm, gestational age is 4 to 41

2 weeks (see Fig. 
30-11), and MSD of about 5 mm is 5 weeks. At 51

2  
weeks, a yolk sac appears. At 6 weeks, an embryo first 
appears adjacent to the yolk sac.

The MSD is measured using the sum of three orthog-
onal dimensions of the fluid–sac wall interface divided 
by three. The measurements are most accurate when 
obtained by a high-frequency transvaginal probe in the 
sagittal and transverse planes at right angles to one 
another. Normally, a yolk sac will be present when  
the MSD is 8 mm or less, and an embryo will be seen 
at 16 mm or less. Gestational sacs larger than 8 mm 
without a yolk sac or larger than 16 mm without an 
embryo should be watched carefully for impending early 
pregnancy failure. Occasionally, a gestational sac up to 
20 mm will be seen without an embryo, and the outcome 
will be a normal pregnancy. Although this is uncommon, 
the clinician must always give the pregnancy the benefit 
of the doubt and use not only the gestational sac mea-
surements but clinical presentation as well.

Crown-Rump Length

Using TVS, the embryo can be visualized from the fifth 
week onward. Conventional CRL charts are available 
beginning from 6 weeks, 2 days. A well-performed CRL 
measurement in the first trimester of pregnancy is accu-
rate to 5 to 7 days.

Biparietal Diameter

By the end of the first trimester, measurement of the 
biparietal diameter (BPD) becomes more accurate than 
the CRL, which by that time reflects errors associated 
with fetal flexion and extension.46

If the patient is to receive only one ultrasound exam-
ination during pregnancy, a first-trimester sonographic 
examination solely to assess gestational age is not recom-
mended.47 Although this is the most accurate time for 
estimation of gestational age, there is inadequate embry-
onic development to identify confidently anomalies that 
could be seen in the second trimester. Currently, late first 
trimester is considered the ideal time to screen for aneu-
ploidy using a combination of maternal serum screening 
and nuchal translucency (see Chapter 31).



Chapter 30 ■ The First Trimester  1089

phase defect has been defined as a delay of more than 2 
days in histologic development of the endometrium rela-
tive to the day of the cycle. The underlying cause may 
be decreased hormone production by the corpus luteum, 
decreased levels of FSH or LH or abnormal patterns of 
secretion, or a decreased response of the endometrium 
to progesterone.

Angiogenesis of the corpus luteum may be needed  
for the regulation of progesterone production. Kupesic 
et al.57 found that the resistive index (RI) in intraovarian 
arteries in normal nongravid women dropped below 
0.47 in the luteal phase compared to a group with luteal 
phase defect who had a high resistance throughout the 
menstrual cycle, with RI always above 0.50. They suggest 
that Doppler sonography may predict functional capac-
ity of the corpus luteum, at least in the nongravid state. 
Blumenfeld and Ruach56 were successful in treating 
luteal phase defect in a group undergoing ovulation 
induction and in patients with previous abortions, using 
hCG administration twice weekly in the sixth and tenth 
weeks. This reduced the rate of miscarriage from 49% 
to 17.8% (p <0.01).

Currently, clinical management centers on whether or 
not the embryo is present and alive. Menstrual history 
may be unreliable, and sonographic diagnosis of embry-
onic demise based on the menstrual history may be 
incorrect. It is more appropriate to predict outcome by 
comparing sonographic findings to quantifiable param-
eters, including other sonographic measurements (MSD) 
or quantitative serum β-hCG. Menstrual age can be used 
if there is corroboration with a previous positive β-hCG 
test result. For example, if a patient had a positive serum 
β-hCG test result 5 weeks ago, the current gestational 
age must be at least 8 weeks.

Sonographic Diagnosis of 
Embryonic Demise

After the gestational sac becomes demonstrable on ultra-
sound, the diagnosis of early pregnancy failure can be 
made reliably using sonographic criteria.

early embryonic demise or intrauterine growth restric-
tion (IUGR) will occur.

The etiology of first-trimester pregnancy loss is still 
not fully understood, with many known and suspected 
causes. In a study of 232 first-trimester patients (normal, 
healthy women with good nutrition, good medical/pre-
natal care, positive urinary pregnancy test, and no vaginal 
bleeding) with TVS at the first visit, Goldstein52 deter-
mined the incidence of subsequent pregnancy loss by 
following all to delivery or spontaneous abortion. This 
group had an overall pregnancy loss rate of 11.5% in the 
embryonic period, (i.e., <70 days from last menstrual 
period [LMP]). The loss rate diminished as the preg-
nancy progressed. The loss rate was 8.5% when a yolk 
sac was seen, 7.2% with an embryo of CRL less than 
5 mm, 3.3% with CRL 6 to 10 mm, and 0.5% with 
CRL greater than 10 mm. The loss rate leveled off at 2% 
from 14 to 20 weeks, the fetal period. Therefore, under 
the best circumstances, the pregnancy loss rate will be 
11.5% overall, from 5 weeks onward. Once the embryo 
reaches a CRL of 10 mm, there is about a 98% chance 
of a successful outcome.

Patients who present with bleeding have a much 
higher incidence of pregnancy loss. In patients who 
present with a closed cervical os and uterine bleeding in 
the first trimester, 50% will eventually abort. Using 
TVS, Falco et al.53 studied 270 patients with first-trimes-
ter bleeding at 5 to 12 weeks’ gestation; 45% were diag-
nosed initially as a nonviable pregnancy or anembryonic 
sac. Those with multiple gestations were excluded. Of 
the 149 remaining with demonstrable fetal cardiac activ-
ity, 15% (23/149) subsequently aborted.

Table 30-1 summarizes the rate of spontaneous abor-
tion in a number of studies of women with and without 
bleeding in early pregnancy.52-55

Another cause of early pregnancy failure is luteal 
phase defect, thought to be failure of the corpus luteum 
to support the conceptus adequately once implantation 
has occurred. This may result from a shortened luteal 
phase in cases of ovulation induction and in vitro fertil-
ization, or from luteal dysfunction, more frequently seen 
in obese women or women over 37 years of age.56 Luteal 

TABLE 30-1. RATE OF SPONTANEOUS ABORTION IN EARLY PREGNANCY*

STUDY AGE (WK) NUMBER INDICATION ABORTION RATE (%)

Goldstein52 5-10 232 Routine 11.5
Pandya et al.54 10-13 17,870 Routine 2.8
Stabile et al.55 5-16 624 Bleeding 45
Falco et al.53 5-12 270 Bleeding 51.5
Falco et al.53 5-12 149 Bleeding + live fetus 15
Pandya et al.54 10-13 17,870 Bleeding 15.6

*In women with and without bleeding.
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Embryonic Cardiac Activity

The most important feature for the confirmation of 
embryonic and fetal life is the identification of cardiac 
activity. The presence of cardiac activity indicates that 
the embryo is alive. The absence of cardiac activity does 
not necessarily indicate embryonic demise, however, 
because TVS can identify a normal early embryo without 
cardiac activity.

We reviewed a series of 96 patients with CRL of less 
than 5 mm to assess the predictive value of the presence 
or absence of cardiac activity using TVS3 (Tables 30-2, 
30-3, and 30-4). Of the 71 patients available for follow-
up, 46 embryos had cardiac activity, 35 progressed to at 
least the late second trimester, and 11 ended as first-
trimester demise. Of the 25 embryos without demon-
strable cardiac activity, 5 (20%) were normal and 20 
(80%) ended as first-trimester embryonic deaths. Of the 

TABLE 30-2. PRESENCE OR ABSENCE OF 
CARDIAC ACTIVITY IN NORMAL 

EMBRYOS*

Cardiac Activity at TVS

CRL (MM) PRESENT ABSENT

0-0.9 0 0
1-1.9 0 3
2-2.9 12 0
3-3.9 11 2
4-4.9 12 0
total 35 5

From Levi CS, Lyons EA, Zheng XH, et al. Endovaginal ultrasound: 
demonstration of cardiac activity in embryos of less than 5.0 mm in crown-rump 
length. Radiology 1990;176:71-74.

*Based on crown-rump length (CRL) (N = 40); TVS, transvaginal sonography.

TABLE 30-3. PRESENCE OR ABSENCE  
OF CARDIAC ACTIVITY IN EMBRYOS 
THAT SUBSEQUENTLY ABORTED IN 

FIRST TRIMESTER*

Cardiac Activity at TVS

CRL (MM) PRESENT ABSENT

0-0.9 0 0
1-1.9 1 0
2-2.9 1 8
3-3.9 6 6
4-4.9 3 6
total 11 20

*Based on crown-rump length (CRL) (N = 31); TVS, transvaginal sonography.

From Levi CS, Lyons EA, Zheng XH, et al. Endovaginal ultrasound: 
demonstration of cardiac activity in embryos of less than 5.0 mm in crown-rump 
length. Radiology 1990;176:71-74.

TABLE 30-4. PERCENTAGE OF EMBRYOS 
THAT ABORTED AFTER SONOGRAPHIC 

DEMONSTRATION OF CARDIAC 
ACTIVITY*

CRL (MM)
SPONTANEOUS 
ABORTIONS/TOTAL

PERCENTAGE 
ABORTED

0-0.9 0/0 0%
1-1.9 1/1 100%
2-2.9 1/1 38%
3-3.9 6/17 35%
4-4.9 3/15 20%
total 11/46 24%

*At specific crown-rump length (CRL).

From Levi CS, Lyons EA, Zheng XH, et al. Endovaginal ultrasound: 
demonstration of cardiac activity in embryos of less than 5.0 mm in crown-rump 
length. Radiology 1990;176:71-74.

five normal embryos without demonstrable cardiac activ-
ity on initial TVS, three had initial CRL of less than 
1.9 mm. Standard embryology texts indicate that the 
embryonic heart begins to beat at the beginning of the 
sixth week, when the CRL is 1.5 to 3 mm. Thus, it is 
not surprising that we were unable to identify cardiac 
activity in normal embryos with less than 2 mm CRL. 
Initial TVS assessment failed to identify cardiac activity 
in 2 of 25 normal embryos with CRL of 2 to 4 mm. 
TVS enabled correct identification of cardiac activity in 
100% of normal embryos with CRL of 4 to 4.9 mm.

Pennell et al.58 found that 16 of 18 embryos with CRL 
less than 5 mm had no cardiac activity on initial trans-
vaginal assessment but demonstrated cardiac activity on 
follow-up TVS. Cardiac motion was seen on transvagi-
nal scan in all pregnancies with CRL greater than 5 mm. 
As a result, in our practice, follow-up sonography is 
performed in patients with embryos of less than 5-mm 
CRL with no cardiac activity, unless the yolk sac is 
absent. We allow a few millimeters of leeway and follow 
up otherwise normal-appearing embryos with no cardiac 
activity on initial examination. The history and other 
sonographic findings must be considered before making 
the diagnosis of embryonic demise.

The combination of vaginal bleeding and absent 
cardiac activity in embryos of CRL less than 5 mm on 
TVS is associated with a very poor prognosis. Aziz et al.59 
reviewed outcomes in embryos of CRL 5 mm or less 
with absent cardiac activity on TVS, in women present-
ing with vaginal bleeding; all resulted in pregnancy 
failure.

Using TVS, the embryo and embryonic cardiac activ-
ity can be reliably and consistently identified earlier than 
with TAS. Before making a diagnosis of embryonic 
demise, it is critical to ensure that the examination is of 
high quality, performed with modern equipment and an 
appropriate transducer frequency, and that the entire 
embryo is visualized. A high frame rate must be used, 
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Our practice is to use the 8-mm and 16-mm sac size 
values and to repeat a suspicious or indeterminate study 
in 1 week. Normal gestational sac growth is 1.1 mm/day. 
Nyberg et al.65 found that patients with early pregnancy 
failure had MSD growth rates of less than 0.7 mm/day. 
This growth rate is useful information in assessing the 
normal development in serial examinations. With an 
expected growth rate of 1.1 mm/day, one should see an 
appropriate increase in sac size and, if normal, the appear-
ance of a yolk sac or an embryo. If the growth is less than 
expected, it gives one confidence in the diagnosis of early 
pregnancy failure. It is also important to view the preg-
nancy in light of the clinical condition. A patient who is 
in the process of a spontaneous abortion will often present 
with brownish spotting, a decrease in the symptoms of 
pregnancy (breast tenderness, nausea), and on examina-
tion, a uterus smaller than expected. The latter sign is 
subjective and not reliable in early gestation (Fig. 30-21).

In their study of early sac size from 4 to 6 weeks’ MA, 
Oh et al.15 found that MSD less than 6.5 mm was able 
to predict an abnormal outcome with a sensitivity of 
89.3%, a specificity of 63.2%, and a negative and posi-
tive predictive value of 80%. In practical terms, this 
value is useful only if one is absolutely sure of the date 
of the LMP.

Other gestational sac criteria are less reliable alone, but 
together or with an abnormally large sac, these features 
provide additional support for the diagnosis of early 
pregnancy failure: distorted gestational sac shape (Fig. 
30-22), thin trophoblastic reaction (<2 mm), weakly 
echogenic trophoblast, and abnormally low position 
of the gestational sac within the endometrial cavity33 
(Fig. 30-23).

A gestational sac greater than 16 mm without an 
embryo is a strong sign of early pregnancy failure. 
However, a sac of 16 mm or less without an embryo and 
with bleeding does not guarantee a positive outcome. In 
a prospective study of 50 patients with MSD of 16 mm 
or less, no embryo, and first-trimester bleeding, Falco  
et al.66 found that 64% eventually miscarried; 13/18 
(72%) of those who continued to delivery had a yolk sac 
seen; and 13/32 (40%) went on to fail even though a 
yolk sac was present. Advanced maternal age (>35) and 
low serum β-hCG (<1200 mIU/mL IRP) were associ-
ated with increased risk of pregnancy failure. The finding 
of a smaller-than-expected MSD (<1.34 SD) carried a 
risk of miscarriage of 93%.

The intact gestational or chorionic sac and embryo are 
not usually seen after abortion. Figure 30-24 demon-
strates sonographic and pathologic correlation in a 
7-week, 3-day embryo within an intact sac immediately 
after a spontaneous abortion.

Amnion and Yolk Sac Criteria

Visualization of the amnion in the absence of a sono-
graphically demonstrable embryo after 7 weeks’ MA is 

and the frame-averaging mode must be turned off. If 
there is any doubt in the diagnosis, follow-up examina-
tion should be performed.

In patients with a sonographically demonstrable 
embryo, absent cardiac activity is clearly the most impor-
tant factor in predicting the pregnancy outcome (Video 
30-2). It is also important to know the predictive value 
of the presence of cardiac activity in an embryo with 
respect to its ultimate viability. After 7 weeks’ gestational 
age, the pregnancy loss rate is 2% to 2.3%,60,61 and after 
16 weeks, the rate is only 1%.62 In our series of predomi-
nantly symptomatic patients with embryos of less than 
5-mm CRL, identification of cardiac activity with TVS 
was associated with a 24% risk of spontaneous abortion.3 
Falco et al.53 found a 15% abortion rate in pregnancies 
from 5 to 12 weeks with TVS-demonstrated cardiac 
activity.

Other secondary findings may also be helpful in pre-
dicting the outcome of a pregnancy. In our series, the 
combination of absent cardiac activity and vaginal bleed-
ing was associated with 100% embryonic mortality.3 
Subchorionic hemorrhages and absent cardiac activity 
were associated with 88% embryonic mortality.

Gestational Sac Features

In many patients the embryo is not visualized on the 
initial sonogram, and the diagnosis of pregnancy failure 
cannot be made on the basis of abnormal cardiac activity. 
In these patients the diagnosis of pregnancy failure may 
be made based on gestational sac characteristics. The 
most reliable indicator of abnormal outcome based on 
gestational sac features is abnormal size.2,33 In 1985 
using TAS, Bernard and Cooperberg63 observed that a 
gestational sac with MSD greater than 20 mm and no 
embryo had a poor outcome. In 1986, also using TAS, 
Nyberg et al.33 refined the definition of an abnormal 
gestational sac as MSD of 25 mm or more without an 
embryo, or MSD of 20 mm or more without a yolk sac.

These criteria were reevaluated for TVS. MSD of 
8 mm or more without a demonstrable yolk sac, or 
16 mm with no demonstrable embryo, is abnormal and 
indicates pregnancy failure.35 Most authors allow a few 
millimeters of leeway in MSD measurements as a margin 
of error, and many do not use the absent yolk sac as a 
sign of pregnancy failure. Furthermore, these parameters 
only apply to high-resolution TVS and cannot be used 
for examinations performed with a 5-MHz transvaginal 
probe. Rowling et al.64 studied early pregnancies with 
lower-frequency transvaginal probes (5 MHz) as well as 
higher-frequency probes (9-5 MHz broadband). The 
gestational sac was first seen at 6.4 mm in size with the 
lower frequency but at 4.6 mm with higher frequencies. 
A yolk sac was always seen in normal pregnancies with 
a gestational sac greater than 5 mm, and an embryo was 
always seen with a sac of 13 mm, using frequencies above 
5 MHz.
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sac calcification. In general, however, other signs of 
embryonic demise are present when these findings are 
positive.

Sonographic Predictors  
of Abnormal Outcome

Sonographic findings may be used to predict abnormal 
outcome in the presence of a live embryo, or before 

abnormal and diagnostic of a nonviable pregnancy. The 
amnion is usually visualized after the embryo, so it 
should not be visualized in the absence of an embryo. 
The clinician may see two sacs within the gestational sac. 
Although it may be a monochorionic diamniotic preg-
nancy, it may also be a failed pregnancy with an empty 
amnion and a yolk sac. Other findings that may be useful 
in the diagnosis of embryonic demise include a collaps-
ing, irregularly marginated amnion (Fig. 30-25) and yolk 

A B

FIGURE 30-21. Early pregnancy failure with large, empty sac. A, Transvaginal coronal, and B, transvaginal sagittal, 
images of an empty gestational sac. Mean sac diameter (calipers) is 18 mm. No yolk sac is identified.

A B

FIGURE 30-22. Early pregnancy failure with irregular sac. A, Transvaginal sagittal and transverse views of an irregular 
empty gestational sac in a 40-year-old woman with spotting at 11 weeks. Mean sac diameter (calipers) is 25 mm. No yolk sac or embryo 
is present, the sac is irregular, and the trophoblast is thin. B, Power Doppler ultrasound with a small area of vascularity at the implanta-
tion site (arrow).
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cardia, all of which were dead on follow-up scan within 
2 weeks.

Mean Sac Diameter and  
Crown-Rump Length

Bromley et al.69 found that in 16 patients at 51
2  to 9 

weeks’ gestational age with MSD less than 5 mm greater 
than the CRL (i.e., MSD − CRL = <5 mm), sometimes 
termed early oligohydramnios, 15 had spontaneous 
first-trimester abortion despite a normal heart rate for 
age (Figs. 30-27 and 30-28).

Yolk Sac Size and Shape

Perhaps the most important consideration is that yolk 
sac abnormalities may predict abnormal outcome in 
pregnancies that appear otherwise completely normal by 
all other ultrasound criteria.70 Rat embryo experiments 
demonstrate defects in the yolk sac structure and ultra-
structure in response to hyperglycemia. Human data 
indicate that yolk sac malformations occur in embryos 
of diabetic mothers in the first trimester of pregnancy 
before 9 weeks.71

Studies have attempted to characterize the normal 
sonographic appearance of the yolk sac and to identify 
abnormal morphologic features may predict poor fetal 
outcome. Green and Hobbins72 found that in patients 
at 8 and 12 weeks’ gestation, yolk sacs 2 mm or less in 
size were associated with a poor outcome. A solid, echo-
dense yolk sac was associated with fetal death or an 
anomalous fetus. In our experience, an echogenic yolk 
sac is not always associated with anomalies or impending 
demise and may revert to a more normal appearance.

Lindsay et al.35 compared yolk sac internal diameter 
to gestational age, CRL, and MSD (Fig. 30-29). A yolk 
sac diameter outside the 95% confidence limits for these 
other parameters is a relative indicator of increased risk 
of embryonic demise or fetal abnormality. However, the 
sensitivity of yolk sac size as a predictor of outcome is 
only 15.6%, because 50% of abnormal pregnancies have 
a sonographically normal yolk sac. Although the 5% and 
95% confidence limits can be used to predict increased 
risk, a yolk sac diameter greater than 5.6 mm between 5 
and 10 weeks is always associated with an abnormal 
outcome in singleton pregnancies (Fig. 30-30). A yolk 
sac greater than 5.6 mm may be seen normally in 
MCMA twins.36 Furthermore, a thick, symmetrical yolk 
sac has a predictive value of 93.3% for normal outcome.35 
A thin yolk sac has a predictive value of 53.8% for 
abnormal outcome.

Yolk sac shape is not as predictive of outcome as size. 
Kucuk et al.70 found that 10 of 219 normal pregnancies 
(4.5%) and 9 of 31 early pregnancy failures (29%) had 
an abnormal yolk sac shape. Shape alone had a sensitivity 
of 29% and specificity of 95% in predicting an abnormal 
outcome.

visualization of the embryo. These findings can be used 
to identify a high-risk subgroup of embryos at risk  
for embryonic demise or subsequent diagnosis of fetal 
anomaly that require close follow-up.

Embryonic Bradycardia

Although embryonic cardiac activity indicates that the 
embryo is alive at examination, an abnormally slow heart 
rate may predict impending demise. Doubilet and 
Benson67 found that a heart rate less than 80 beats/min 
in embryos with a CRL less than 5 mm was universally 
associated with subsequent embryonic demise (Fig. 
30-26). A rate of 80 to 90 beats/min was associated with 
a 64% risk of demise, 90 to 99 beats/min with a 32% 
risk, and 100 beats/min with an 11% risk. Heart rates 
above 100 beats/min are considered normal in embryos 
of CRL less than 5 mm. In embryos of CRL 5 to 9 mm, 
a heart rate less than 100 beats/min was always associated 
with abnormal outcome, with the normal rate 120 beats/
min or more. In embryos of CRL 10 to 15 mm, a heart 
rate less than 110 beats/min appears to be associated 
with a very poor prognosis.

Arrhythmia is also an indicator of first-trimester 
loss.68 In a group of 950 patients, Vaccaro et al.68 found 
four arrhythmias, with three having ventricular brady-

A

B

FIGURE 30-23. Aborting sac. A 23-year-old pregnant 
woman at 8 weeks’ gestation presented with cramps and spotting. 
A, Transvaginal sagittal scan shows a gestational sac in the lower 
uterine segment extending into the cervix. B, Sagittal scan of the 
sac within the upper cervix. Note the small yolk sac and the adja-
cent small embryo. No cardiac activity was detected.
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A B

C D

E F

FIGURE 30-24. Aborted gestation at 7 weeks, 3 days. A recently aborted but intact sac about 2.8 cm in diameter with an 
embryo. The sac was scanned in a water bath so that the frondlike chorionic villi can be seen around the sac floating freely. A and 
B, Embryo with 12-mm crown-rump length is attached to the wall by a short umbilical cord. No yolk sac was seen; it likely regressed. 
C, 3-D view. D, Sac is floating in a water bath so that the white chorionic villi are seen extending outward. The villi only cover a portion 
of the sac. The villi normally degenerate over the area of the sac not at the implantation site. E, Magnified view of the villi, and F, a vessel 
within the sac (arrow).
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FIGURE 30-25. Collapsed amnion. Transvaginal power 
Doppler ultrasound scan of a gestational sac in a 39-year-old 
woman who presented with spotting at 91

2  weeks. The embryo 
is small with a crown-rump length (calipers) of 7 mm, consistent 
with 7 weeks. No cardiac activity is seen. The amniotic membrane 
(arrow) is collapsed adjacent to the embryo.

FIGURE 30-26. Fetal bradycardia. A small embryo in a 
10-week gestation with a heart rate of 69 beats/min. This embryo 
died, and the pregnancy aborted within 1 week. The embryo is 
seen within a round amniotic sac on the left and lies beside a large 
yolk sac on the right.

A

B

FIGURE 30-27. Twins: one normal, one with small 
sac. A, Transverse transvaginal scan at 8 weeks shows two sacs 
(A, B), with the left larger than the right sac. B, At 9 weeks the 
normal-sized embryo on the maternal right is of appropriate size, 
19.9 mm (calipers), with a normal-sized gestational sac. The other 
twin did not grow normally.

FIGURE 30-28. Small gestational sac and embryo. 
Sagittal transvaginal scan of a 21-year-old woman at 9 weeks’ 
gestational age with spotting. There is a small gestational sac that 
is no larger than the embryo (arrow). The crown-rump length and 
mean sac diameter are about equal. No heartbeat was seen.

An abnormally large yolk sac is often the first sono-
graphic indicator of pathology and is invariably associ-
ated with subsequent embryonic demise (Fig. 30-30). 
Even if the pregnancy survives the first trimester, 
however, the fetus may still be abnormal. In our experi-
ence, although the number of cases is small, large yolk 
sacs have been associated with fetal pathologic states, 
including chromosomal abnormalities (trisomy 21, 
partial molar pregnancy73) and omphalocele. Yolk sac 
abnormalities should be used as a predictor of abnormal 
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A

B

FIGURE 30-29. Normal obstetric data. A, Yolk sac 
versus mean sac diameter. B, Crown-rump length versus yolk sac. 
Yolk sac diameter and shape at endovaginal ultrasound are predic-
tors of pregnancy outcome in the first trimester. (From Lindsay 
DJ, Lovett IS, Lyons EA, et al. Yolk sac diameter and shape at endo-
vaginal ultrasound: predictors of pregnancy outcome in the first tri-
mester. Radiology 1992;183:115-118.)

FIGURE 30-30. Large yolk sac. Transvaginal scan at 9 
weeks shows gestational sac with a small embryo with bradycardia 
(not shown) and a large yolk sac (calipers) with mean internal 
diameter of 5.9 mm. On follow-up examination 7 days later  
(not shown), no cardiac activity was identified, indicating embry-
onic demise and the yolk sac had become smaller and more 
echogenic.

outcome, and patients with abnormal yolk sac size or 
shape should be followed closely. If the fetus survives the 
first trimester, follow-up examination should be per-
formed at 18 to 20 weeks’ MA to evaluate the fetus for 
anomalies. Genetic counseling should also be offered.

A calcified yolk sac appears as a shadowing echogenic 
mass in the absence of any other identifiable yolk sac. It 
has not been reported to be associated with a live embryo 
before 12 weeks’ MA. In fact, a calcified yolk sac will 
only be seen with a dead embryo and may calcify within 
36 hours after demise (Fig. 30-31; Video 30-3).

The yolk sac can be filled with echogenic material 
and is not the same as one that is calcified. This can be 
seen in live pregnancies (Fig. 30-32). Szabo et al.74 fol-
lowed such cases alone and in conjunction with nuchal 
lucency in 3620 first-trimester pregnancies. They found 
39 cases (1.0%) of echogenic yolk sacs 1.8 to 4.0 mm in 
diameter in pregnancies at 9 to 11 weeks’ MA; 19 of the 
39 (49%) had both a nuchal lucency greater than 3 mm 
and an echogenic yolk sac, with all 19 chromosomally 
abnormal, and the other 20 (51%) had an echogenic 
yolk sac as the only unusual finding, with all delivered 
normally.

In our experience, in pregnancies less than 10 weeks’ 
gestation, an embryo without a visible yolk sac is abnor-
mal and associated with an abnormal outcome (assuming 
that careful TVS has been performed to look for the yolk 
sac). If the embryo is alive and a yolk sac is not visible, 
the index of suspicion for abnormal outcome should be 
increased and a follow-up examination performed.

Low Human Chorionic Gonadotropin

Nyberg et al.20 found that 65% of abnormal pregnancies 
had a disproportionately low serum β-hCG for gesta-
tional sac size. This had a positive predictive value and 
specificity of 100%.

Subchorionic Hemorrhage

Subchorionic hemorrhage, or a hematoma resulting 
from abruption of the placental margin or marginal sinus 
rupture,75 causes elevation of the chorionic membrane. 
This is an uncommon finding late in the first trimester 
and may be associated with vaginal bleeding. Ball et al.76 
found an overall incidence of 1.3%. The chorionic mem-
brane is stripped from the endometrium (decidua vera) 
and elevated by the hematoma (Figs. 30-33 and 30-34). 
These hemorrhages are contiguous with the placental 
edge, but the predominant accumulation of blood prod-
ucts is often remote from the placenta.77 Acute hemor-
rhage is usually hyperechoic or isoechoic relative to the 
placenta. The hemorrhage gradually becomes sonolucent 
in 1 to 2 weeks. Often the cause of membrane elevation 
is obvious because fluid is present deep to the membrane 
and is more echoic than the amniotic fluid, indicating a 
subchorionic hemorrhage.
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(OR, 11.2), and preterm labor (OR, 2.6) when women 
with hemorrhaging were compared with controls without 
subchorionic hemorrhage or bleeding. The presence of 
bleeding alone also increased the risk of miscarriage.

Abu-Yousef et al.79 followed 21 cases of subchorionic 
hematoma (8-19 weeks’ gestation), and 17 had vaginal 
bleeding; 71% had an unfavorable outcome of spontane-
ous abortion or prematurity. They found significant cor-
relation between pregnancy outcome and hematoma 
size, severity of bleeding, and presence of pain, but no 
correlation between outcome and elevation of the pla-
cental edge.

Pedersen and Mantoni80 studied 342 pregnant women 
from 9 to 20 weeks’ gestation presenting with vaginal 
bleeding and found subchorionic hematomas in 18%, 
averaging 20 cc (range, 2-150) in size. Although most 
studies show an association between subchorionic  

In a group of patients with vaginal bleeding at 10  
to 20 weeks’ gestation, identification of a subchorionic 
hemorrhage was associated with a 50% fetal loss rate.77 
In a retrospective study of 516 patients with first-trimes-
ter bleeding, Bennett et al.78 found an overall pregnancy 
loss rate of 9.3%. This increases with increasing maternal 
age and decreasing gestational age. For women over age 
35, the rate is 13.8% (vs. 7.3 for those ≤35), and for 
those presenting at or before 8 weeks, it is 13.7% (vs. 
only 5.9% for those later in gestation). The most impor-
tant predictor for pregnancy loss was the presence of a 
large subchorionic hemorrhage.78 The small or medium-
sized hemorrhages (i.e., ≤50% the sac circumference) 
had a miscarriage rate of 9%, versus 18.8% for the larger 
subchorionic hemorrhages.

Ball et al.76 found an increased risk of miscarriage (odds 
ratio [OR], 2.8), stillbirth (OR, 4.5), abruptio placentae 

A B
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FIGURE 30-31. Intrauterine embryonic death with yolk sac calcification. A, Transvaginal color Doppler ultrasound 
scan of a pregnancy at 6 1

2  weeks’ menstrual age (CRL, 6.5 mm) shows an embryo with no cardiac activity (no color), and a normal-
appearing yolk sac (arrow). B, Repeat scan 5 days later shows no change in the size of the embryo (calipers) and a dense yolk sac (arrow) 
with faint distal shadowing. C, In a different pregnancy, transvaginal sagittal scan shows calcified yolk sac (ys). No cardiac activity was 
identified in embryo with crown-rump length of 18 mm. a, Amnion; e, embryo.
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hemorrhage and abnormal outcome, this study found no 
difference in the rate of miscarriage (10%) or premature 
delivery (11%) between the patients with and without 
subchorionic hematomas.

Doppler Ultrasound Assessment

In the normal pregnancy, maternal peripheral vascular 
resistance decreases as early as 5 weeks’ gestation.81 
Uterine arterial flow resistance decreases progressively 
after implantation but increases in women with pre-
eclampsia or IUGR.82 Normally, before 12 weeks’ gesta-
tion, no flow is detectable within the trophoblastic ring, 
consisting of the intervillous space, chorionic villi, and 
their fetal vessels.83 As noted previously, low-resistance 
arterial flow is present normally in the decidual spiral 
arteries.7

Controversy surrounds whether Doppler sonography 
of the uterine or spiral arteries is useful in predicting 
pregnancy outcome. Extravillous trophoblastic cells 
invade the decidual spiral arteries. Inadequate tropho-
blastic invasion of the spiral arteries may be seen in early 
pregnancy failure and may be associated with increased 
resistance to flow in the spiral arteries. Jaffe et al.83 
suggest that an abnormal RI (>0.55) in the decidual 
spiral arteries and active arterial blood flow in the inter-
villous space may be associated with an increased inci-
dence of early pregnancy failure. They speculate that 
abnormal, high-pressure blood flow in the spiral arteries 
may result in significantly increased pressure to the 
immature villi, causing detachment of the early villi and 
subsequent miscarriage. Others have not found Doppler 
ultrasound to be predictive of pregnancy outcome.84,85

Nakatsuka et al.86 found that the pulsatility index 
(PI) of the uterine artery in two groups (N = 52) of 
women at 4 to 5 weeks’ gestation was significantly higher 
in the group with recurrent pregnancy loss (≥2 consecu-
tive losses), as well as in women with elevated antinuclear 
or antiphospholipid antibodies, compared to the control 
group. In the group with recurrent loss, uterine artery 
PI was significantly higher even in those without elevated 
antibodies. The authors strongly suggest that uterine 
artery PI is an independent index for recurrent preg-
nancy loss. The mean values of PI for the controls were 
2.20 ± 0.52, and for the recurrent loss group, 2.5 ± 0.52. 
Those with elevated antibodies and recurrent loss had PI 
of 3.08 ± 0.61 or higher. The study outcome was not 
entirely clear because women with recurrent losses were 
treated with aspirin, heparin, or both in early pregnancy, 
a result of the current belief that coagulopathy and vas-
cular dysfunction may impair uterine perfusion and 
result in pregnancy loss. Leible et al.87 studied the uterine 
artery PI in 318 consecutive early pregnancies from 6 to 
12 weeks and found that a significant difference between 
the two uterine arteries was strongly associated with 
pregnancy failure before 20 weeks, likely because of 
uterine ischemia.

A

B

FIGURE 30-32. Echogenic material within yolk sac. 
A, Single live embryo at 7 weeks’ gestational age with echogenic 
material within the yolk sac (ys) next to a live embryo. B, One 
week later the yolk sac looks normal, and the pregnancy continued 
uneventfully.

*

FIGURE 30-33. Moderate subchorionic bleed. Sagit-
tal transvaginal scan of an 8-week gestation with no spotting. The 
moderate subchorionic bleed (*) is seen adjacent to the gestational 
sac. The live embryo was not in the field of view. The bleed 
resolved and pregnancy continued uneventfully.
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FIGURE 30-34. Small subchorionic bleed. A, Sagittal transvaginal scan of a 10-week gestation with a small subchorionic hemor-
rhage (*) elevating the posterior placental edge in the lower uterine segment. B, Transverse scan of the small bleed. C, Sagittal transvaginal 
color Doppler ultrasound showing no flow in the subchorionic bleed.

Amniotic Sac Abnormalities

A large amniotic sac compared to the CRL is predictive of 
abnormal outcome. Horrow88 demonstrated that the dif-
ference between the CRL and the amniotic sac diameter 
is 1.1 ± 2.0 mm in normal embryos, but 8.6 ± 3.8 mm in 
abnormal pregnancies. In abnormal early pregnancies the 
chorionic cavity remained appropriate in size relative to 
the embryonic CRL, indicating that the increased differ-
ence in CRL compared to amnion diameter is caused by 
enlargement of the amnion rather than a small embryo. 
This finding is especially useful in early embryos before 
visualization of cardiac activity. As with other predictors 
of abnormal outcome, patients with abnormal amnion 
diameters should be considered at increased risk and 
should have a follow-up ultrasound examination.

Termination of Early  
Pregnancy Failure

Termination may be surgical, medical, or expectant 
management. Surgical termination is generally by 
suction dilation and curettage (D&C) of the intrauterine 
contents under local or light general anesthesia. Medical 
termination, using mifepristone (600 mg) then miso-
prostol (400 µg) orally 2 days later, was found to be more 
acceptable to women than surgical intervention; the 
majority would repeat this management or would rec-
ommend it to others.89 Later regimens used misoprostol 
vaginally rather than orally with greater success. In 220 
consecutive pregnancy failures using repeated doses of 
mifepristone and misoprostol, Wagaarachchi et al.90 
defined success as complete uterine evacuation within 3 
days.90 The overall success rate was 84%. Success in 
symptomatic women was 80%, versus 94% in asymp-
tomatic women.

Expectant management of incomplete first-trimester 
miscarriage was tested by Luise et al.,91 who found that 

91% (201/221) miscarried within 9 days (range, 1-32); 
54% were complete within 7 days, 83% within 14 days, 
and 89% within 21 days. There was no correlation 
between the presence or absence of a gestational sac and 
failed medical management. Twenty women required 
surgery, with 19 elective and uneventful and one  
emergent with excessive bleeding, pain, fever, and 
leukocytosis.

Retained Products of Conception

Retained products of conception (RPOC) can have a 
spectrum of sonographic appearances, from a seemingly 
empty uterus to a large, echogenic mass of tissue filling 
the endometrial canal. We have found that the presence 
of focal increased vascularity is of great importance in 
distinguishing between blood clots and RPOC. There 
can be a single vessel or a large group of vessels, either 
superficially in the myometrium or extending deep 
within it. The vascularity shows high-velocity flow up to 
160 cm/sec with a mass of vessels. This can appear very 
dramatic on the scan and, because of the high flow, can 
raise concern about performing D&C. We have seen this 
as a common finding, however, with a surprising lack  
of any untoward bleeding during or after the surgery 
(Fig. 30-35).

ECTOPIC PREGNANCY

Ectopic pregnancy remains one of the leading causes of 
maternal death in the United States. It accounts for 
1.4% of all pregnancies and approximately 15% of 
maternal deaths. Although the incidence of ectopic preg-
nancy is increasing, the mortality has declined to less 
than 1 in 1000 cases compared with 3.5 in 1000 in 
1970.92,93 The increased incidence is likely caused by 
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Importantly, even in the early 1990s, 5% of proven 
ectopic pregnancies bypass all imaging and go directly to 
surgery. In addition, even in retrospect, 8.7% of proven 
ectopic pregnancies are sonographically normal.95

The prevalence of ectopic pregnancy varies according 
to the patient population and their inherent risk factors. 
Nevertheless, all patients in the reproductive age group 
are at risk. Factors that increase the risk of ectopic preg-
nancy include tubal abnormality preventing passage of 
the zygote or resulting in delayed transit; previous tubal 
pregnancy,96,97 cesarean section, or tubal reconstructive 
surgery; pelvic inflammatory disease; chlamydial salpin-
gitis;98 intrauterine contraceptive devices; and increased 
age or parity.

There is a strong association between infertility and 
ectopic pregnancy, likely because of the shared tubal 
abnormalities in both conditions. The risk factors for 
ectopic pregnancy are therefore present in patients who 
undergo ovulation induction or in vitro fertilization 
(IVF) and embryo transfer. The increased incidence of 

increased prevalence of the risk factors as well as earlier 
diagnosis, whereas heightened awareness and improved 
diagnostic capabilities have decreased mortality.

Clinical Presentation

The classic clinical triad of pain, abnormal vaginal bleed-
ing, and a palpable adnexal mass is only present in 
approximately 45% of patients with ectopic pregnancy.94 
In addition, the positive predictive value of this triad is 
only 14%. Other presenting signs and symptoms include 
any combination of the classic triad, as well as amenor-
rhea, adnexal tenderness, and cervical motion tender-
ness. Schwartz and DiPietro94 found that only 9% of 
patients with clinically suspected ectopic pregnancy 
actually had an ectopic pregnancy, whereas 17% had 
symptomatic ovarian cysts, 13% had pelvic inflamma-
tory disease, 8% had dysfunctional uterine bleeding, and 
7% had spontaneous abortions. The clinical presentation 
is thus nonspecific.
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FIGURE 30-35. Retained products of conception. A, Sagittal transvaginal scan of a 22-year-old woman who presented 5 
weeks after a suction dilation and curettage (D&C) therapeutic abortion with vaginal bleeding. The endometrial canal is distended with 
a 1.8 × 2.5–cm echogenic mass (arrows). B, Color Doppler ultrasound shows an area of marked increase in vascularity at the base of the 
mass at its attachment to the myometrium. C, Sagittal transvaginal scan of a 28-year-old woman who had suction D&C for a therapeutic 
abortion 6 weeks previously with vaginal bleeding. The myometrium in the body anteriorly was heterogeneous with increased echogenicity. 
D, Color spectral Doppler ultrasound shows increased vascularity with velocities of 1.3 m/sec.
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helpful maneuver is to try and push the ovary down 
toward the transvaginal probe by pressing firmly on the 
anterior abdominal wall. The clinician must watch the 
screen carefully for an echogenic mass or ectopic sac  
as the adnexa is pushed downward and into the field  
of view.

In early IUP, early pregnancy failure, or ectopic preg-
nancy, it is not always possible to identify the gestational 
sac. Several nonspecific sonographic findings may help 
in localization of the gestational sac. However, ectopic 
pregnancy is generally excluded with the demonstration 
of an IUP (which reduces the risk of coexistent ectopic 
pregnancy to 1 in 7000) or is confirmed with demonstra-
tion of a live embryo in the adnexa.

Specific Findings

The earlier demonstration of an IUP is the most impor-
tant contribution of TVS (vs. TAS) in the evaluation of 
patients presenting with suspected ectopic pregnancy. In 
a series of suspected ectopic pregnancies by Dashefsky et 
al.,102 all 19 normal intrauterine pregnancies were identi-
fied by TVS, versus only 11 of 19 for TAS. In addition, 
TVS identified 7 of 16 abnormal IUPs, versus 3 of 16 
for TAS.102

As described earlier, the intradecidual sign and the 
double-decidual sign can be used to identify an IUP 
before visualization of the yolk sac or embryo. The  
double-decidual sign must be distinguished from the 
decidual cast or pseudogestational sac of ectopic preg-
nancy. A pseudosac is an intrauterine fluid collection 
surrounded by a single decidual layer (Fig. 30-37), 
as opposed to the two concentric rings of the double-
decidual sign. TVS allows for differentiation of the 
decidua, which produces the pseudogestational sac, from 
the choriodecidual reaction of the double-decidual sign 
of IUP.103

Doppler ultrasound and in particular color flow 
Doppler imaging may further help distinguish a gesta-
tional sac from pseudosac. Peritrophoblastic flow is 
high-velocity, low-resistance flow with low RI and PI. 
Dillon et al.104 studied a series of 40 patients with an 
empty saclike structure in the uterus. They defined peri-
trophoblastic flow as a peak systolic frequency of 0.8 kHz 
or greater (corresponding to 21 cm/sec with no angle 
correction) and correctly classified 26 of 31 IUPs and 9 
of 9 pseudogestational sacs.104

When there is no sonographic evidence of an IUP,  
the pregnant patient is more likely to harbor an extra-
uterine gestation. Because TVS allows for the earlier 
identification of an IUP, it significantly increases the 
accuracy of diagnosis in patients with suspected ectopic 
gestation.105

The sonographic demonstration of a live embryo in 
the adnexa is specific for the diagnosis of ectopic preg-
nancy (Fig. 30-38). A live extrauterine embryo/fetus 
has been detected with TVS in 17% to 28% of patients 

multiple pregnancies with ovulation induction and IVF 
further increases the risk for both ectopic and hetero-
topic (coexistent intrauterine and ectopic) gestation. 
The hydrostatic forces generated during embryo transfer 
may also contribute to the increased risk.99 The fre-
quency of heterotopic pregnancy was originally esti-
mated on a theoretic basis to be 1 in 30,000 pregnancies. 
More recent data indicate that the rate is approximately 
1 in 7000 pregnancies.100,101

Sonographic Diagnosis

When women present with a positive pregnancy test or 
a history suggestive of ectopic pregnancy (missed period, 
pain, unprotected intercourse), it is critical to identify 
the presence and location of the gestational sac. Pelvic 
ultrasound and especially TVS must be the first line of 
imaging investigation. TVS allows for a more detailed 
evaluation of the endometrium, endometrial canal, and 
adnexa than TAS. The imaging component must be 
augmented by the clinical findings of tenderness elicited 
by the transvaginal probe. Uterine tenderness is uncom-
mon, but adnexal tenderness may be important in 
leading to the ectopic site or less often to a ruptured or 
leaking corpus luteum cyst. Focal uterine tenderness may 
be seen with an IUP and a degenerating fibroid or in the 
nongravid female from adenomyosis. Endometritis and 
pelvic inflammatory disease are causes of a more general-
ized type of pelvic pain.

We begin the examination with TAS through a full 
bladder, if possible, looking for a large or complex mass 
that may be outside the range of the transvaginal probe. 
The mass may be the extrauterine gestational sac or a 
large hematoma. At the end of TAS, we always look for 
free fluid in the hepatorenal space (Fig. 30-36; Video 
30-4). This provides a sense of the degree of blood loss. 
Although hemodynamically stable with a large volume 
of fluid loss, the patient could decompensate rapidly. 
Fluid seen in the hepatorenal space should impart a 
greater sense of urgency to the surgeon.

We then perform a vaginal scan, assessing the uterus, 
ovaries, and adnexal regions. If the ovary and tube cannot 
be seen on one side, in a suspected ectopic pregnancy, a 

RISK OF ECTOPIC PREGNANCY

Any tubal abnormality that may prevent passage of 
zygote or result in delayed transit

Previous tubal pregnancy
History of tubal reconstructive surgery
Pelvic inflammatory disease
Intrauterine contraceptive device
Increased maternal age
Increased parity
Previous cesarean section
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FIGURE 30-37. Pseudogestational sac. A, Coronal transvaginal scan of a 33-year-old woman (G2P1) at 8 weeks with pelvic 
pain. There is a rounded intrauterine sac filled with low-level echoes. No yolk sac or embryo is seen. There is a single echogenic ring 
around the fluid (arrow). This is a fluid-filled endometrial canal, a decidual cast, or pseudogestational sac. B, Sagittal transvaginal scan 
shows a large pseudogestational sac with echogenic debris. Note the acute angle at the lower end, uncommon in a gestational sac.
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FIGURE 30-36. Ruptured ectopic pregnancy with hemoperitoneum. A 35-year-old woman presented at 6 weeks’ gesta-
tion with right lower quadrant pain. A, Sagittal transvaginal scan shows echogenic material within the endometrial cavity but no gestational 
sac. Blood clot is (*) seen around the uterus. B, Coronal transvaginal scan of the uterus (U) and a complex right adnexal mass with a sac 
at its posterior aspect (arrow). C, Coronal color Doppler sonogram with no vascularity seen. D, Sagittal scan of the left upper abdomen 
showing free fluid (*).
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possible to identify a normal intrauterine gestational sac 
by TAS. Threshold levels of 500 to 1000 mIU/mL 
(Second IS) have been proposed for TVS (1000-2000 
for IRP).109 Some further refinement of a threshold level 
is recommended for the equipment and expertise in each 
individual institution. If the hCG level is above the 
threshold level, it should be possible to identify a normal 
intrauterine gestational sac. If an intrauterine gestational 
sac is not identified, an ectopic pregnancy becomes the 
diagnosis of exclusion. An early complete or incomplete 
abortion, however, may give a similar clinical and sono-
graphic appearance. As noted earlier, published thresh-
old levels do not take into consideration multifetal 
pregnancies or patients with an enlarged uterus from 
fibroids.110

If the β-hCG level is below the threshold level, the 
sonogram may still identify an ectopic pregnancy. The 
utility of the threshold level is to raise the index of sus-
picion for an ectopic pregnancy when no intrauterine 

with ectopic pregnancy,106,107 versus only 10% with TAS. 
Cardiac activity can be demonstrated with M-mode, 
color, or power Doppler sonography.

Nonspecific Findings

When the sonographic findings are nonspecific, corr-
elation with serum β-hCG levels improves the ability 
of sonography to distinguish between intrauterine  
and ectopic pregnancy. A negative β-hCG essentially 
excludes the presence of a live pregnancy. The serum 
β-hCG test yields positive results at approximately 23 
days of gestational age.108 This is before a normal intra-
uterine gestational sac may be imaged with TVS. Differ-
ent types of sonographic techniques and equipment have 
different hCG discriminatory levels above which gesta-
tional sacs are large enough to be imaged routinely. 
Nyberg et al.109 identified a β-hCG threshold level of 
1800 mIU/mL (Second IS), above which it was always 
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FIGURE 30-38. Live ectopic pregnancy. A 33-year-old woman presented with left lower quadrant pain at 9 weeks’ gestation. 
A, Coronal transvaginal scan shows the empty endometrial cavity on the right and a gestational sac and embryo on the left. B, M-mode 
image demonstrates a live embryo with cardiac activity at a rate of 173 beats/min. C, The embryonic crown-rump length is 19 mm. 
D, In a different patient, coronal transvaginal scan of the right ovary with a corpus luteum cyst (c) and a gestational sac with a single live 
embryo immediately adjacent (arrow).
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patients without sonographic evidence of an IUP and a 
positive β-hCG test result strongly suggests an ectopic 
pregnancy. A suspected ectopic mass should be assessed 
during the transvaginal examination for local tenderness. 
The probe is used to apply light pressure on the mass. 
This pressure almost always elicits pain similar to the 
sensation that brought the patient to hospital initially. 
Pain can also be felt with other inflammatory or expand-
ing masses, such as a hemorrhagic corpus luteum. 
Because the fallopian tube is the most common location 
for an ectopic pregnancy, scanning with the vaginal 
probe should allow for visualization of the ectopic preg-
nancy moving separate from the ovary as probe pressure 
is applied. This motion helps distinguish between a hem-
orrhagic corpus luteum cyst and an ectopic pregnancy.

Fleischer et al.103 found an ectopic tubal ring in 49% 
of patients with ectopic pregnancy and in 68% of unrup-
tured tubal pregnancies, using TVS (Fig. 30-39). The 
tubal ring can usually be differentiated from a corpus 

gestational sac is identified. TVS should be performed 
even when the β-hCG levels are low because some 
patients may have suggestive or diagnostic findings. In 
indeterminate cases when the patient is clinically stable, 
serial quantitative serum hCG levels may be helpful in 
distinguishing ectopic pregnancy, early pregnancy 
failure, and early IUP. The β-hCG level in a normal 
pregnancy has a doubling time of approximately 2 days, 
whereas patients with a dead or dying gestation have a 
falling β-hCG level. Patients with ectopic pregnancy 
usually have a slower increase in hCG levels, although 
they occasionally show patterns similar to a normal preg-
nancy or spontaneous abortion.

The presence of nonspecific adnexal findings improves 
the ability of sonography to predict an ectopic preg-
nancy. An adnexal mass can be found in conditions other 
than ectopic pregnancy (hemorrhagic corpus luteum 
cyst, endometriosis, and abscess) and is therefore not 
diagnostic. However, the presence of an adnexal mass in 
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FIGURE 30-39. Isthmic ectopic pregnancy. A 35-year-old woman (G3P1A1) presented with no pain but was at risk for an 
ectopic pregnancy. A, Coronal transvaginal scan shows an empty uterus and a tubal ring (arrow) immediately adjacent to the uterus. 
B, Magnified view of the ring shows a gestational sac with a yolk sac, confirming an ectopic pregnancy. C, Color flow Doppler ultrasound 
shows increased vascularity around the sac with high-velocity flow. D, At laparoscopy, ectopic site can be seen bulging the isthmic portion 
of the tube (arrow). It was successfully removed by salpingostomy.
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Transvaginal ultrasound is extremely sensitive in 
detecting free pelvic fluid. The presence of echogenic 
free fluid (hemoperitoneum; Fig. 30-40, B) or blood 
clots in the posterior cul-de-sac in pregnant patients, 
without sonographic evidence of an IUP, should strongly 
suggest an ectopic pregnancy. The presence of small 
amounts of nonechogenic free fluid is nonspecific and is 
seen in normal patients.

In 132 consecutive patients with surgical confirma-
tion, Frates et al.113 found that the presence or the 
amount of intraperitoneal fluid was not a reliable indica-
tor of rupture. Rupture was present in 21% of patients 
with no fluid and increasingly, up to 63%, with large 
amounts. Interestingly, 37% of patients with a large 
amount of fluid had intact tubes and no evidence  
of rupture. Intraperitoneal fluid is possible if the  
blood escapes through the fimbriated end of the intact 
fallopian tube.

Implantation Site

Ectopic pregnancy may occur in several sites. Approxi-
mately 95% of ectopic pregnancies occur in the ampul-

luteum cyst because the cyst is eccentrically located with 
a rim of ovarian tissue. A tubal ring is a concentric ring 
created by the trophoblast of the ectopic pregnancy sur-
rounding the chorionic sac. This ring is often within a 
hematoma that may be confined to the fallopian tube or 
that may extend outside it. Frates et al.111 found that an 
ectopic tubal ring was more echogenic than ovarian 
parenchyma, whether or not the sac was empty or had a 
yolk sac or embryo. The corpus luteum in a proven IUP 
was as or less echogenic than ovarian parenchyma in 
93% of cases. The wall of the corpus luteum is usually 
less echogenic than the endometrium. Stein et al.112 
found that the tubal ring of an ectopic pregnancy was 
more echogenic than the endometrium in 32% of cases, 
a finding that can be helpful in distinguishing between 
a tubal ring and a corpus luteum cyst.

The ectopic tubal ring may be obscured or replaced 
by a mass that is often echogenic (Fig. 30-40) but may 
be of mixed echogenicity (Fig. 30-41). Easily overlooked 
or mistaken for fat or bowel, these masses will be found 
only with a high index of suspicion and careful TVS of 
the adnexa, looking for the tubal ring or mass that is 
focally tender.
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FIGURE 30-40. Ectopic pregnancy seen as echogenic mass. A 33-year-old woman presented at 7 weeks’ gestation with 
right lower quadrant pain. A, Transvaginal scan shows an empty uterus. B, Free fluid (ff ) in the cul-de-sac. C, In right adnexa there was 
a 1.4 × 1.6–cm echogenic mass (arrow) adjacent to a normal ovary (ro). The mass was focally tender to palpation with the vaginal probe. 
D, Power Doppler ultrasound shows minimal internal vascularity.
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Because of its intramural location, interstitial ectopic 
pregnancies (cornual) rupture later than other tubal 
gestations, often causing massive intraperitoneal hemor-
rhage from the dilated arcuate arteries and veins, which 
lie in the outer third of the myometrium between the 
thin outer myometrium and the thick intermediate layer. 
The mortality of interstitial pregnancy is twice that of 
other ectopic pregnancies. Ackerman et al.114 found that 
the two currently used sonographic signs of myometrial 
thinning and sac eccentricity are unreliable and described 
the more useful interstitial line sign (Fig. 30-42). 
The interstitial line is a thin, echogenic line extending 
from the endometrial canal up to the center of the inter-
stitial sac or hemorrhagic mass. It was seen in 92% of 
interstitial ectopic pregnancies. The line is the nondis-
tended, empty endometrial canal. The interstitial ectopic 
pregnancy is usually surrounded by trophoblast but 
should not have a double-decidual sign. Thinning of the 
myometrial mantle was seen in three of four interstitial 
sacs; however, eight additional patients had only a  
mass, with no sac, and therefore no mantle thinning or 
eccentricity of the sac. All these sacs had an interstitial 
line. Treatment is usually laparotomy and cornual  
resection, although methotrexate therapy may be prefer-
able, depending on the size of the interstitial ectopic 
pregnancy.

Cervical scar implantation appears to be increasing, 
with more cases appearing in the literature.115 The 
patient may present with painless vaginal bleeding and 
a history of one or more cesarean sections. An early 
sonogram will show a sac implanted in the lower uterine 
segment, with local thinning of the myometrium (Fig. 
30-43; Video 30-5). There is usually prominent vascu-
larity at the implantation site. Catastrophic hemorrhage 
may result, with the need for complete hysterectomy 
and, if involved, major bladder reconstruction. Remem-
ber that an aborting gestational sac may present in the 
lower uterine segment on its way out of the uterus. 
Sonographically, the sac will be oblong, the embryo if 
present will be dead, and there will be no trophoblastic 
vascularity because it has detached from the uterine  
wall. Vascularity is an important distinguishing feature 
between a cervical scar implantation and an incomplete 
abortion. Clinically, both situations are associated with 
vaginal bleeding, but the abortion more likely with 
crampy pain as well. Treatment of a scar implantation is 
often protracted. A D&C is seldom advised because the 
thin lower segment may be perforated. Medical therapy 
is more common, with methotrexate taken systemically 
and often injected locally as well. Presence of a live 
embryo may require careful injection of potassium chlo-
ride (KCl) into the embryo to stop cardiac activity.

Cervical pregnancy is rare. As in scar pregnancy, 
vascularity is an important distinguishing feature between 
a cervical implantation and an incomplete abortion. 
Treatment is typically with injection of KCl. Abdominal 
pregnancies are also rare. When diagnosed in the first 

lary or isthmic portions of the fallopian tube. The second 
most common site, about 2% to 3% of all ectopic preg-
nancies, is an interstitial pregnancy occurring in the 
intramural portion of the tube, where it traverses the wall 
of the uterus to enter the endometrial canal. Ovarian, 
cervical, and abdominal sites of ectopic pregnancy are 
extremely rare.

Implantation in the superior lateral portion of the 
endometrial canal but not within the intramural portion 
of the tube is normal and is not an ectopic pregnancy. 
This is often mistaken for an ectopic pregnancy, but 
echogenic endometrium can be seen around the sac 
(double-decidual sign), and if followed even for 1 week, 
the sac grows and usually extends into the endometrial 
canal.
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FIGURE 30-41. Ectopic pregnancy seen as mixed-
echogenicity mass. A 30-year-old woman presented with 
left lower quadrant pain at 7 weeks’ gestation and β-hCG of 
500 mIU/mL and falling over a 3-day period. A, In the left 
adnexa, medial to the left ovary, there was a 2-cm mass (arrow) 
with mixed echogenicity, and B, only minimal peripheral vascu-
larity. A left ectopic pregnancy was confirmed and based on a 
falling β-hCG was treated expectantly and resolved without 
complication.
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Doppler Confirmation

Achiron et al.116 studied 76 patients with suspected 
ectopic pregnancy, 42 of whom had ectopic pregnancies, 
19 had intrauterine gestations, and 9 had complete abor-
tions. All were stable with a positive β-hCG. They com-
pared standard 2-D imaging with Doppler ultrasound. 
Trophoblastic flow (high velocity, low impedance) seen 
outside the uterus had a sensitivity of only 48%, although 
trophoblastic flow within the uterus or its absence 
outside excluded an ectopic pregnancy (specificity, 
89%). The positive predictive value for ectopic preg-
nancy was 91% and for 2-D imaging was 95%; negative 
predictive values were 89% for imaging and 44% for 
Doppler ultrasound. These data suggest that Doppler 
sonography has a significantly lower sensitivity and nega-
tive predictive value and does not provide more useful 
diagnostic information than 2-D imaging alone for a 

trimester, these are typically treated similar to tubal 
ectopic pregnancies. When diagnosed in the third tri-
mester, abdominal pregnancies may result in a viable 
neonate.

Heterotopic Gestation

When the presence of an IUP is demonstrated with 
ultrasound, the extremely low frequency of heterotopic 
pregnancy effectively excludes the diagnosis of an ectopic 
gestation. However, heterotopic pregnancy should be 
suspected in the appropriate clinical setting, such as in 
patients undergoing ovulatory induction or IVF. In IVF 
patients the rate of heterotopic pregnancy can be as high 
as 1%. Clearly, if a live embryo is demonstrated in the 
adnexa in a patient with an intrauterine gestational sac, 
a specific diagnosis can be made (Fig. 30-44).

A B

C D Embryo 6 mm

FIGURE 30-42. Interstitial ectopic pregnancy. An 18-year-old woman presented with mild pelvic discomfort with a bulging 
left cornua. A, Sagittal transvaginal sac just to the left of midline. The empty endometrial canal is seen in the body of the uterus with the 
thin echogenic “interstitial line” (arrow) leading to the interstitial ectopic pregnancy. B, Postoperative specimen of the wedge resection 
and removal of the left cornua. C, Coronal transvaginal scan of the expanded left cornua with a thin myometrial mantle (white arrow), 
the gestational sac, and the small embryo (black arrow). D, Bisected specimen shows the sac and the white embryo (arrow) that corresponds 
to the sonogram in C.



1108  PART IV ■ Obstetric Sonography

A B

C

FIGURE 30-43. Cesarean scar implantation. A 33-year-
old woman (G5P2SA2; two prior cesarean sections) presented at 10 
weeks’ gestation. A, Transabdominal scan shows a sac (arrow) in the 
lower uterine segment. B, Transvaginal scan shows a sac in the lower 
segment with an embryo. C, Magnified view with color Doppler 
ultrasound shows flow in a beating heart and peritrophoblastic flow 
anteriorly. Notice how close the echogenic trophoblast is to the 
anterior serosal surface of the uterus and to the bladder wall.

A B

FIGURE 30-44. Heterotopic pregnancy. A 30-year-old woman presented at 6 weeks with pelvic pain and a positive pregnancy 
test. A, Sagittal scan shows a retroverted uterus with a normally positioned 6-week gestational sac with yolk sac. B, In the left adnexa, 
adjacent to the left ovary (LO), there is a tubal ring (arrow) that proved to be an ectopic sac at laparoscopy.
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eters in the management of patients with ectopic 
pregnancy.

Management

The conventional management of ectopic pregnancy  
has been surgical, with resection of the diseased tube. 
Improved diagnostic capabilities, including TVS, allow 
for earlier diagnosis and the potential for a more conser-
vative approach to treatment. The ultimate goal is to 
diagnose the ectopic pregnancy before tubal rupture and 
to treat it so as to minimize tubal scarring while main-
taining tubal patency. Studying the vascular patterns and 
histology of tubal pregnancies, Kemp et al.120 found that 
those implanted on the mesosalpingeal side of the tube 
had deeper trophoblastic invasion, more intense tropho-
blastic proliferation, and increased villous vascularization 
than those implanted on the anti-mesosalpingeal wall. 
They suggest conservative management for the anti-
mesosalpingeal implantation, because it is more likely  
to abort spontaneously, and a surgical approach for the 
potentially more viable mesosalpingeal implantation.

Laparoscopy is often used for definitive diagnosis in 
ectopic pregnancy and for the more conservative surgical 
procedures such as salpingotomy.121 The diseased tube is 
incised and microdissection used to remove the gesta-
tional sac. The incision is then left to heal by secondary 
intention. The rate of subsequent IUP in these surgical 
patients is 61.4%, with a 15% rate of recurrent ectopic 
pregnancy.122

Medical management has also been successful in the 
treatment of early ectopic pregnancy. Cell growth inhi-
bitors such as methotrexate are injected systemically  
(IV/IM or oral administration) and the serum β-hCG 
levels followed closely. The methotrexate kills the rapidly 
dividing trophoblastic cells, which are then reabsorbed, 
resulting in falling β-hCG levels and, ideally, preserva-
tion of the tubal lumen.123 Success rates range from 61% 
to 93% for local injection124 and from 65% to 94% for 
intramuscular treatment.125 The rate of side effects is 
21% with parenteral administration and 2% with local 
injection under ultrasonic guidance. Success rate for  
conception was 58% for IUP, with a 9% recurrent 
ectopic rate.

Treatment is most successful in tubal pregnancies (vs. 
interstitial ectopic pregnancy or cervical ectopic preg-
nancy) and those without embryonic cardiac activity.

Barnhart et al.126 reviewed studies of multidose and 
single-dose regimens of methotrexate and found an 
overall success rate of 89% (1181 of 1327 women). The 
single dose was used more often but was associated with 
a significantly greater chance of failure than multidose 
therapy, although it had fewer side effects. Hajenius  
et al.124 compared treatment options of laparoscopy, 
laparotomy, methotrexate (local vs. systemic, single vs. 
multiple dose), and expectant management. Multidose 
IM methotrexate is most cost-effective in patients with 

stable patient with a suspected ectopic pregnancy. In 
routine practice, Doppler ultrasound is of limited benefit 
in detecting an ectopic pregnancy but may help decide 
therapy. If there is good flow around the ectopic site, the 
tissue presumably is viable, and surgery or methotrexate 
would be the treatment of choice. If no vascularity is 
present, the tissue may be nonviable, and the ectopic 
pregnancy may be aborting spontaneously. Correlation 
with serial β-hCG levels is helpful, and falling levels 
provide further evidence that the tissue is being aborted. 
All these laboratory and sonographic findings must be 
interpreted in light of the clinical findings of pain and 
hemodynamic stability.

Pregnancy of Unknown Location

In first-trimester symptomatic patients, the initial TVS 
correctly identifies the site of implantation in most cases. 
In a series of unselected patients attending an early preg-
nancy clinic, the initial TVS examination accurately diag-
nosed pregnancy location in over 90% of patients and 
diagnosed 73.9% of ectopic pregnancies.117 In the absence 
of a well-defined IUP, or in the absence of an ectopic 
pregnancy, other findings can suggest the location of the 
implantation but are nonspecific and can result in diag-
nostic error. Recently, patients in whom the site of 
implantation has not been identified with certainty have 
been categorized as having pregnancy of unknown loca-
tion (PUL). The term refers to an empty endometrial 
cavity, with no evidence of an intrauterine gestational sac 
or RPOC, and no extrauterine pregnancy visualized.118 
In classifying a patient as PUL, the assumption is that the 
diagnostic criteria for ectopic pregnancy are “an empty 
endometrial cavity with (1) an inhomogeneous adnexal 
mass or (2) an extrauterine gestational sac with or without 
a yolk sac and/or embryonic pole.” The differential diag-
nosis for PUL includes a very early IUP, an abnormal 
IUP, spontaneous miscarriage, and ectopic pregnancy.119 
The proportion of patients categorized as PUL depends 
on gestational age at examination.

In a series of 5318 unselected women, 456 (8.7%) 
were classified as PUL.117 Of the 456 patients classified 
as PUL, 31 (6.8%) had ectopic pregnancies. The PUL 
group benefits from close follow-up because of their high 
incidence of ectopic pregnancy and because they repre-
sent 20% to 25% of all ectopic pregnancies. Using the 
diagnostic criteria just quoted for extrauterine (tubal) 
pregnancy, some women with an initial ultrasound diag-
nosis of ectopic pregnancy who are managed nonsurgi-
cally may be misdiagnosed. Kirk et al.117 showed that a 
single TVS examination using these criteria correctly 
diagnosed ectopic pregnancy in 96.1% of patients under-
going surgical management. Therefore, using these cri-
teria, 3.9% of patients diagnosed with ectopic pregnancy 
and treated nonsurgically could have normal or abnor-
mal IUPs. Thus it is important to consider the clinical 
history and presentation before using nonspecific param-
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levels of β-hCG. Success rates of up to 69.2% have been 
reported.122

EVALUATION OF THE EMBRYO

The diagnosis of specific fetal anomalies in the first tri-
mester is discussed in the chapters pertaining to the 
involved organ system. Nuchal translucency screening is 
discussed in the Chapter 31. This discussion is limited 
to general principles of assessment of the embryo in the 
first trimester. Current trends in first-trimester diagnosis, 
including widespread acceptance of TVS, nuchal trans-
lucency screening, and a shift toward testing late in the 
first trimester, combined with improved equipment 
resolution, have resulted in the potential diagnosis of a 
wide range of fetal defects in the first trimester. As the 
resolution of ultrasound equipment improves, visualiza-
tion of embryologic structures becomes possible. It is 
critical that incorrect decisions are not made on the basis 

low serum β-hCG than laparoscopic salpingostomy. In 
all cases, both therapies had similar results, with laparos-
copy having a higher cost and longer hospital stay.

Nazac et al.125 studied 137 women with an unrup-
tured ectopic pregnancy and hematosalpinx seen on 
TVS. They found that in cases with an hCG level less 
than 1000 mIU/mL, local injection of methotrexate 
(1 mg/kg) directly into the sac after first aspirating the 
contents had a 92.5% success rate compared with 67% 
for IM administration. The local injection was per-
formed vaginally using the same technique as for follicle 
aspiration during oocyte retrieval in IVF.

A common complication of methotrexate therapy is a 
rupture of the ectopic pregnancy, with increased pelvic 
pain and tenderness and the appearance of a hemor-
rhagic mass (Fig. 30-45). Usually these will resolve with 
conservative management but occasionally will require 
surgical intervention.

Conservative management is becoming more 
common for the stable patient with low or declining 

A B

C

FIGURE 30-45. Ectopic pregnancy with hematoma after methotrexate injection. A, Transvaginal coronal scan 
through the uterine fundus shows an early isthmic ectopic pregnancy in the right adnexa. B, Three days after intramuscular methotrexate, 
the patient returned with increasing pelvic pain. Transverse scan of the fundus and right adnexa now shows an echogenic mass (arrowheads) 
surrounding the irregular gestational sac (arrow). C, Sagittal power Doppler ultrasound through the uterus shows vascularity in the myo-
metrium but not in the hematoma superior to it (short arrows).
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cephalon and a posterior diencephalon. The telence-
phalic vesicles later form the lateral ventricles, and the 
diencephalon (and to a lesser degree the telencephalon) 
forms the third ventricle. After approximately 9 weeks, 
the lateral ventricles can be identified sonographically as 
two small cystic spaces in the embryonic head at 11 
weeks and are more evident with the large choroid plexus 
almost filling them at 13 weeks (Fig. 30-47). By 12 
weeks the lateral ventricles extend almost to the inner 
table of the skull, and on sonography, only a small rim 
of cerebral cortex can be demonstrated to surround 
them. The choroid plexus is echogenic and fills the 
lateral ventricles completely except for the frontal horns.

of incomplete understanding of normal and abnormal 
embryonic and fetal anatomy in the first trimester. 
Therefore, if any uncertainty surrounds the findings in 
an early scan, a follow-up sonographic examination may 
be indicated for evaluation of fetal morphologic charac-
teristics in the second trimester.

Three major points should be considered: normal 
embryologic/fetal development may mimic pathology; 
abnormal embryos/fetuses may appear normal early in 
pregnancy; and discrepancies between dates and embryo 
size may be the only visible manifestation of pathology 
in some first-trimester fetuses.

Normal Embryologic Development 
Mimicking Pathology

Normal embryologic development in the first trimester 
may mimic pathologic changes more often seen in the 
second and third trimesters.

Intracranial Cystic Structures  
in First Trimester

During the sixth week, three primary brain vesicles form: 
the prosencephalon (forebrain), the mesencephalon 
(midbrain), and the rhombencephalon (hindbrain).1 
Small cystic structures can be seen normally in the pos-
terior aspect of the embryonic head. The earliest cystic 
structure seen at 6 to 8 weeks’ gestation represents the 
normal embryonic rhombencephalon, which later forms 
the normal fourth ventricle and should not be mistaken 
for a posterior fossa cyst of pathologic importance127 
(Fig. 30-46; see also Fig. 30-20, C ). The prosencephalon 
divides into an anterior portion known as the telen-

A B

FIGURE 30-46. Normal embryonic intracranial anatomy. A and B, Sagittal, and coronal images of 9-week embryo (CRL, 
19 mm) clearly show the cystic rhombencephalon.

FIGURE 30-47. Normal lateral ventricles. Transverse 
scan of a 13-week fetus with choroid plexus filling most of the 
lateral ventricles.
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calvarium. The first-trimester sonographic appearances 
differ from those in the second trimester.129 In the second 
trimester the sonographic diagnosis depends on the 
absence of the cranial vault superior to the level of the 
skull base and the orbits. In the first trimester a variable 
amount of neural tissue (usually grossly deformed) may 
be present superior to the orbital line, but with time it 
usually erodes away.

The presence of neural tissue above the orbital line, 
with failure to recognize absence of the cranial vault late 
in the first trimester, may result in a missed diagnosis of 
exencephaly/anencephaly. In a series by Goldstein and 
Filly,130 one case of anencephaly was missed at 121

2  
weeks (Fig. 30-49). This can be a difficult diagnosis 
before ossification of the skull.

In a first-trimester fetus with exencephaly/anenceph-
aly, in the coronal plane the cerebral lobes will appear as 
two semicircular structures above the orbits, floating in 
amniotic fluid.129 This finding has been referred to as the 
“Mickey Mouse” sign and can be used for accurate diag-
nosis of anencephaly late in the first trimester.

Renal Agenesis

The fetal kidneys and adrenals can be demonstrated by 
approximately 9 weeks. By 12 weeks the bladder can be 
visualized routinely.131 In the first trimester, amniotic 
fluid is predominantly a filtrate of fetal blood across the 
fetal skin. Fetal urine production begins at about 11  
to 13 weeks’ gestation. Oligohydramnios caused by 
absent renal function is often not identified before 16 
weeks’ gestation. In the first trimester, normal amniotic 
fluid volume cannot be used to predict the presence of 

Physiologic Anterior Abdominal  
Wall Herniation

During embryogenesis, the midgut normally herniates 
into the umbilical cord at the beginning of the eighth 
week of gestation. The midgut rotates 90 degrees coun-
terclockwise and then returns to the abdomen during the 
12th week. As the midgut returns to the abdomen, 
further rotation occurs, completing the normal rotation 
of the midgut.

Schmidt et al.128 describe the normal physiologic 
appearance of the anterior abdominal wall during this 
period. The herniated bowel appears as a small, echo-
genic mass (6-9 mm) protruding into the cord at 
approximately 8 weeks (CRL, 17-20 mm). The echo-
genic mass decreases to 5 to 6 mm at 9 weeks (CRL, 
23-26 mm). The size of the mass of herniated  
bowel varies. Follow-up examinations reveal reduction 
of the hernia between 10 and 12 weeks. In up to  
20% of normal pregnancies, the herniated bowel  
may still be found outside the fetal abdomen at 12 weeks 
(Fig. 30-48).

Normal-Appearing  
Abnormal Embryos

Many grossly abnormal embryos may appear normal in 
the first trimester.

Anencephaly

Anencephaly results from failure of the rostral neuropore 
to close (normal closure occurs at approximately 42 
days). The resultant abnormality is absence of the bony 

A B

FIGURE 30-48. Physiologic midgut herniation. A, Ten-week embryo has the typical echogenic bowel herniated into the base 
of the umbilical cord (arrow). B, 3-D view of an 11-week embryo also shows midgut herniation (arrow).
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septation and echogenic debris may be present secondary 
to internal hemorrhage (Fig. 30-50). The cyst wall and 
septation may be extremely thick.134

Clearly, a functional hemorrhagic corpus luteum cyst 
may be impossible to differentiate from a pathologic cyst 
on the basis of a single ultrasound examination. Corpus 
luteum cysts usually regress or have decreased in size on 
follow-up sonographic examination at 16 to 18 weeks. 
Cystic masses that persist should be followed. Surgical 
intervention is often indicated in large cysts that do not 
regress by mid–second trimester. However, not all corpus 
luteum cysts regress, and differentiation from a patho-
logic cyst may be impossible on sonography.

Adnexal cystic masses less than 5 cm in diameter in 
the first trimester are usually follicular or corpus luteum 
cysts and almost always resolve spontaneously. In an 
asymptomatic patient with a simple or benign-appearing 
adnexal cyst measuring less than 5 cm, no further follow-
up of the cyst is necessary.135

Other cystic masses may present in the first trimester 
of pregnancy because of displacement by the enlarged 
uterus. Torsion, rupture, and dystocia have all been 
described as complications of ovarian cystic masses  
associated with pregnancy. In a series of 38 episodes of 
surgically proven ovarian torsion,136 48.5% occurred in 
pregnancies conceived by ovulation induction or IVF. 
Most episodes of ovarian torsion occurred in the first 
trimester (55.3%). In 47.6% of first-trimester ovarian 
torsions, the ovary had a multicystic appearance, and in 
23.5% the ovary appeared normal. Doppler ultrasound 
may be normal in patients with ovarian torsion.137

Malignant ovarian neoplasm associated with preg-
nancy is rare. When elective surgical intervention is  

functioning kidneys. Conversely, nonvisualization of the 
kidneys and bladder may suggest renal agenesis in the 
first trimester. However, it is not until the second tri-
mester that associated oligohydramnios will demonstrate 
the lack of renal function.

Discrepancy between Dates  
and Embryo Size

Although discrepancy between the estimated gestational 
age by sonographic CRL and menstrual history is 
common, a major discrepancy in dates may result from 
growth restriction in the first trimester.132 First-trimester 
IUGR is usually related to gross fetal abnormality, often 
genetic, or the result of viral infection.

FIRST-TRIMESTER MASSES

Ovarian Masses

The most common mass seen in the first trimester of 
pregnancy is the corpus luteum cyst. The corpus luteum 
cyst secretes progesterone to support the pregnancy until 
the placenta can take over its hormonal function. It 
forms in the secretory phase of the menstrual cycle and 
increases in size if a pregnancy occurs. The corpus luteum 
of pregnancy can be visualized in 98% of patients,133 is 
usually less than 5 cm in diameter (mean diameter, 
~1.9 cm), and most often appears as a thick-walled cyst 
with circumferential vascular flow, although its appear-
ance may vary considerably. Corpus luteum cysts occa-
sionally reach a size of greater than 10 cm. Internal 

FIGURE 30-49. Anencephaly. Coronal scan of anencephalic fetus at 11 weeks’ gestational age shows a large, irregular cranial end 
inferiorly with no visible echogenic calvarium.
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be differentiated from focal myometrial contractions by 
the transient nature of myometrial contractions. A repeat 
examination 20 to 30 minutes after the initial examina-
tion reveals disappearance of a focal myometrial contrac-
tion, whereas a fibroid will still be present. Fibroids also 
may distort the uterine contour (serosal surface), whereas 
focal myometrial contractions usually bulge into the 
amniotic cavity.

Fibroids are associated with almost twice the sponta-
neous loss rate in early singleton pregnancies with docu-
mented cardiac activity. Benson et al.138 noted a loss rate 
of 14% in women with fibroids compared to 7.6% in a 
control group.138 Multiple fibroids had a higher loss rate 
than did single masses (23.6% vs. 8%; p <0.05), but 
there was no association with size or location.

CONCLUSION

First-trimester sonography plays an important role in 
establishing the location of a pregnancy and determining 

indicated, it is usually performed in the second trimester, 
when risk of inducing premature labor is considered 
lowest. Dermoid cysts may present the characteristic 
appearance of a cystic mass with focal calcification and 
a fluid-fluid level. Other cystic masses may be more dif-
ficult to differentiate from corpus luteum cysts (Fig. 
30-51). All cysts should be observed carefully to assess 
change in size.

Uterine Masses

Uterine fibroids are a common pelvic mass often identi-
fied during pregnancy and often associated with localized 
pain and tenderness. Most fibroids do not change in size 
during pregnancy, although some may enlarge rapidly as 
a result of estrogenic stimulation. Infarction and necro-
sis may occur because of rapid growth. These patients 
often experience pain. Sonographically, uterine fibroids 
appear as solid, often hypoechoic uterine masses. They 
may have areas of calcification and infrequently have 
cystic, avascular areas related to necrosis. Fibroids may 

A B

C D
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FIGURE 30-50. Hemorrhagic corpus luteum cyst (arrow) at 6 weeks. A, The filamentous bands within the cyst are 
consistent with hemorrhage. There is also a paraovarian cyst (p), which is echolucent. B, Hemorrhaging corpus luteum with a small amount 
of adjacent free fluid. C, The vascularity is a typical ring of fire with flow in the wall around the cyst. D, Pathologic specimen of an ovary 
with a corpus luteum cyst (arrow).
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The current standard of obstetric care in the United 
States is to offer prenatal screening for aneuploidy to all 
women who present for care before 20 weeks’ gestation.1 
If the woman chooses to have a prenatal risk assessment 
for aneuploidy, multiple sonographic markers and bio-
chemical parameters are available in both the first and 
the second trimester. The choices available depend on 
the gestational age of the fetus at presentation for obstet-
ric care and the availability of resources within the local 
demographic area. Many women who choose to undergo 
screening will terminate an affected pregnancy.2 Those 
choosing to continue the pregnancy will have the oppor-
tunity to prepare for the birth of a child with potentially 
substantial medical needs.

Background risk for aneuploidy (deviation from 
exact multiple of haploid number of chromosomes) 
depends on maternal age, fetal gestational age, family 
history, and previously affected pregnancy. Whereas tri-
somies 13, 18, and 21 increase in frequency as maternal 
age increases, 45,X and triploidy remain at a constant 
rate (Fig. 31-1 and Table 31-1).

Trisomy 21 (Down syndrome) is the most common 
aneuploidy to result in a live birth and is the most fre-
quently identifiable genetic cause of mental retardation. 
The estimated prevalence has increased over the last 20 
years because of trends in advancing maternal age and is 
estimated to be 1 per 504 live births (1 : 504 or 1/504).3 

Trisomies 18 and 13 are rarer, with a prevalence of 
1/5000 and 1/10,000, respectively.4 The prevalence of 
aneuploidy varies with the availability and use of prenatal 
screening.5 In addition, the frequency of aneuploidy is 
higher earlier in gestation because of the high fetal loss 
rate with advancing gestation associated with chromo-
somal abnormalities. Fetal death with trisomy 21 between 
the first or second trimester and birth is 30% and 20%, 
respectively. Fetal death between the first trimester and 
birth with trisomies 18 and 13 is approximately 80%.6,7

FIRST-TRIMESTER SCREENING  
FOR ANEUPLOIDY

First-trimester screening for aneuploidy has the advan-
tage of a patient-specific numeric risk estimate early in 
pregnancy. Most pregnancies are normal, so most women 
can be reassured early in gestation. Others may find that 
the risk estimate for aneuploidy is high enough that they 
may decide to undergo a diagnostic procedure such as a 
chorionic villus sampling (CVS) or amniocentesis to 
obtain a karyotype. If the karyotype is abnormal, the 
patient has some time to make a decision about continu-
ing or terminating a pregnancy. The decision to termi-
nate can be made with privacy and at a time in pregnancy 
when safer methods of pregnancy interruption are 
available.
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anomalies often have excess fluid in the subcutaneous 
tissue behind the fetal neck (Fig. 31-2; Video 31-1). 
Sonographically, this appears as an echolucent fluid col-
lection between the soft tissue over the cervical spine and 
an echogenic line representing the skin edge. This fluid 
space is called the nuchal translucency (NT).9 The 
lucency is thought to represent mesenchymal edema and 
is often associated with distended jugular lymphatics. 

Nuchal Translucency  
and Trisomy 21

In 1866, Langdon Down reported on the physical char-
acteristics of individuals with developmental delay now 
known to be caused by Down syndrome (trisomy 21 
syndrome). He described the skin as “deficient in elastic-
ity, giving the appearance of being too large of the 
body.”8 Fetuses with trisomy 21 and other chromosomal 
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FIGURE 31-1. Maternal age–related risk 
for chromosomal abnormalities.
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FIGURE 31-2. Nuchal translucency. A, Gross image of a fetus with trisomy 21 shows the fluid collection at the back of the neck 
known as the nuchal translucency (NT; arrow). B, Midsagittal view of an euploid fetus shows the correct method of NT measurement. 
The NT is in a normal range. C, Midsagittal view shows the correct method of NT measurement. Note that NT is prominent (measured 
3.3 mm). D, Midsagittal view of a first-trimester fetus shows a very thick NT (measured 7.9 mm). A nasal bone is not seen. E, Increased 
nuchal fluid associated with generalized subcutaneous edema (arrow). F, Schematic shows correct method of caliper placement. (A courtesy 
Dr. Eva Pajkrt, University of Amsterdam; F courtesy Dr. Bernard Benoit, Princess Grace Hospital, Monaco.)
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The prevailing theory suggests an alteration in lymphan-
giogenesis and delayed lymphatic development. Other 
possible etiologies include cardiac failure and abnormal 
extracellular matrix, but these do not explain the  
localized and transient nature of the NT. Most likely, 
the etiology is a complex interaction of factors.10 NT 

normally increases with advancing gestational age, and 
therefore the measurement is compared to crown-rump 
length (CRL). A thin NT is seen in most normal fetuses. 
An NT greater than 95% for CRL is considered thick-
ened. An NT greater than 99% does not change signifi-
cantly with CRL and is approximately 3.5 mm.11

TABLE 31-1. ESTIMATED RISK FOR TRISOMIES BASED ON MATERNAL  
AGE AND GESTATION

MATERNAL  
AGE (YR)

Gestational Age (wk)

10 12 14 16 20 40

Trisomy 21
20 1/983 1/1068 1/1140 1/1200 1/1295 1/1527
25 1/870 1/946 1/1009 1/1062 1/1147 1/1352
30 1/576 1/626 1/668 1/703 1/759 1/895
31 1/500 1/543 1/580 1/610 1/658 1/776
32 1/424 1/461 1/492 1/518 1/559 1/659
33 1/352 1/383 1/409 1/430 1/464 1/547
34 1/287 1/312 1/333 1/350 1/378 1/446
35 1/229 1/249 1/266 1/280 1/302 1/356
36 1/180 1/196 1/209 1/220 1/238 1/280
37 1/140 1/152 1/163 1/171 1/185 1/218
38 1/108 1/117 1/125 1/131 1/142 1/167
39 1/82 1/89 1/95 1/100 1/108 1/128
40 1/62 1/68 1/72 1/76 1/82 1/97
41 1/47 1/51 1/54 1/57 1/62 1/73
42 1/35 1/38 1/43 1/43 1/46 1/55
43 1/26 1/29 1/30 1/32 1/35 1/41
44 1/20 1/21 1/23 1/24 1/26 1/30
45 1/15 1/16 1/17 1/18 1/19 1/23

Trisomy 18
20 1/1993 1/2484 1/3015 1/3590 1/4897 1/18013
25 1/1765 1/2200 1/2670 1/3179 1/4336 1/15951
30 1/1168 1/1456 1/1766 1/2103 1/2869 1/10554
31 1/1014 1/1263 1/1533 1/1825 1/2490 1/9160
32 1/860 1/1072 1/1301 1/1549 1/2490 1/7775
33 1/715 1/891 1/1081 1/1287 1/1755 1/6458
34 1/582 1/725 1/880 1/1047 1/1429 1/5256
35 1/465 1/580 1/703 1/837 1/1142 1/4202
36 1/366 1/456 1/553 1/659 1/899 1/3307
37 1/284 1/354 1/430 1/512 1/698 1/2569
38 1/218 1/272 1/330 1/393 1/537 1/1974
39 1/167 1/208 1/252 1/300 1/409 1/1505
40 1/126 1/157 1/191 1/227 1/310 1/1139
41 1/95 1/118 1/144 1/171 1/233 1/858
42 1/71 1/89 1/108 1/128 1/175 1/644
43 1/53 1/66 1/81 1/96 1/131 1/481
44 1/40 1/50 1/60 1/72 1/98 1/359

Trisomy 13
20 1/6347 1/7826 1/9389 1/11042 1/14656 1/42423
25 1/5621 1/6930 1/8314 1/9778 1/12978 1/37567
30 1/3719 1/4585 1/5501 1/6470 1/8587 1/24856
31 1/3228 1/3980 1/4774 1/5615 1/7453 1/21573
32 1/2740 1/3378 1/4052 1/4766 1/6326 1/18311
33 1/2274 1/2806 1/3366 1/3959 1/5254 1/15209
34 1/1852 1/2284 1/2740 1/3222 1/4277 1/12380
35 1/1481 1/1826 1/2190 1/2576 1/3419 1/9876
36 1/1165 1/1437 1/1724 1/2027 1/2691 1/7788
37 1/905 1/1116 1/1339 1/1575 1/2090 1/6050
38 1/696 1/858 1/1029 1/1210 1/1606 1/4650
39 1/530 1/654 1/784 1/922 1/1224 1/3544
40 1/401 1/495 1/594 1/698 1/927 1/2683
41 1/302 1/373 1/447 1/526 1/698 1/2020
42 1/227 1/280 1/335 1/395 1/524 1/1516
43 1/170 1/209 1/251 1/295 1/392 1/1134
44 1/127 1/156 1/187 1/220 1/292 1/846

From Snijders RJM, Sebire NJ, Nicolaides KH: Maternal age and gestational age-specific risk for chromosomal defects. Fetal Diagn Ther 1995;10:356-367.



1122  PART IV ■ Obstetric Sonography

trisomy 21, of which 23 (92%) were detected, with FPR 
of 5%. The detection rates of trisomy 13 and 18 were 
both 100%.18

A multicenter trial in North America (BUN study) 
similarly evaluated 8514 patients with singleton preg-
nancies between 74 and 97 days’ gestation. A screening 
result was considered positive if the risk of trisomy 21 
was 1/270 or higher, or the risk of trisomy 18 was 1/150 
or higher. There were 61 cases of trisomy 21; detection 
rate was 79% with a 5% FPR. The detection rate of 
trisomy 18 was 90% with a 2% FPR.19

The Serum, Urine and Ultrasound Screening Study 
(SURUSS) evaluated the efficacy, safety, and cost-effec-
tiveness of first- and second-trimester screening for 
trisomy 21. This prospective study was conducted pri-
marily in the UK on 47,053 pregnancies between 9 and 
13 weeks’ gestation. In the first trimester the combined 
test had a sensitivity of 85% for the detection of trisomy 
21 with FPR of 6%.20

The First and Second Trimester Evaluation of Risk 
(FASTER) was the largest trial based in the United States 
and was designed to determine how best to screen preg-
nant women for trisomy 21. This multicenter trial 
included 36,120 patients with complete first trimester 
data, of whom 92 fetuses had trisomy 21. The trial 
included NT measurements as well as serum biochemis-
try in both the first and the second trimester, revealing 
the results to patients only in the second trimester, after 
both serum screens. The detection rate of trisomy 21 was 
87%, 85%, and 82% at 11, 12, and 13 weeks’ gestation, 
respectively, at a 5% FPR. This study confirmed that the 
NT alone (without biochemical data) was not a reason-
able option for screening. For a detection rate of 85%, 
NT alone had an unacceptably high FPR of 20%. If the 
FPR was set at the more acceptable level of 5%, the 
sensitivity for detection of trisomy 21 fell to 68%.18,21

The exception to this is in multiple pregnancies, for 
which NT is the most reliable method of screening for 
chromosomal anomalies.7 Sebire et al.22 studied a series 
of 448 twin pregnancies and identified 88% of trisomy 
21 fetuses (FPR of 7%) using an NT greater than 95%. 
The prevalence of increased NT was higher in euploid 
monochorionic twins than in euploid dichorionic twins. 
Additionally, discordance in NT measurements may 
predict twin-to-twin transfusion syndrome in monocho-
rionic twins.23 Although Spencer and Nicolaides24 iden-
tified 75% of trisomy 21 fetuses (FPR of 7%) using 
biochemical markers and NT measurement, the role of 
serum markers has not been clearly established in twin 
gestations. The authors caution that counseling on twins 
should be primarily based on NT measurements.

A major question is whether an NT measurement 
exists above which there is no benefit to additional bio-
chemical screening. Results of the FASTER trial were 
evaluated with specific attention to this question. An NT 
of 4 mm or greater was identified in 32 patients (0.3%). 
In this group the lowest combined risk assessment for 

In 1992, Nicolaides et al.9 reported that an NT greater 
than 3 mm in the first trimester was associated with a 
35% risk of chromosomal abnormality. The association 
between chromosome anomalies and a thickened NT 
was subsequently confirmed in a large, prospective mul-
ticenter trial of 20,804 pregnancies. In normal pregnan-
cies, NT increased with advancing gestational age. The 
risk of trisomy 21 can be calculated by multiplying the 
a priori (presumptive) risk by a likelihood ratio (LR) 
derived from the degree of deviation in NT from the 
expected NT. This methodology, in conjunction with a 
risk cutoff of 1 : 300, resulted in the identification of 
80% of fetuses with trisomy 21, with a false-positive 
rate (FPR) of 5%.12 Later, Snijders et al.13 evaluated the 
use of NT and maternal age to detect trisomy 21 in a 
multicenter trial that included 22 different sites and 306 
trained sonographers. Using a threshold of 1/300, the 
sensitivity for the detection of trisomy 21 was 82% for 
an FPR of 8%. For other aneuploidies, the sensitivity 
was 78%. If the FPR was set at 5%, the sensitivity for 
the detection of trisomy 21 was 77%.

Serum Biochemical Markers

A variety of serum biochemical markers have different 
concentrations in pregnancies with trisomy 21 compared 
with euploid pregnancies. The maternal serum of women 
carrying fetuses with trisomy 21 has a higher concentra-
tion of free beta human chorionic gonadotropin (free 
β-hCG) and lower concentration of pregnancy-associ-
ated plasma protein A (PAPP-A) compared with the 
serum of women carrying euploid fetuses. The use of 
these serum markers, in conjunction with maternal age, 
results in identification of 62% of fetuses with trisomy 
21 at FPR of 5%.14

Combined First-Trimester Screening

There is no association between NT measurement and 
serum levels of free β-hCG or PAPP-A in euploid fetuses 
or in those with trisomy 21. This independence allows the 
combination of NT screening and biochemical screening, 
resulting in a more effective method of risk assessment 
than either method individually.15,16 Wald et al.17 demon-
strated that the combination of NT measurement with 
maternal serum PAPP-A and free β-hCG, known as the 
“combined” first-trimester screening test, results in the 
detection of 85% of trisomy 21 fetuses at FPR of 5%.

First-trimester screening using NT measurement and 
serum biochemical measurement has been further vali-
dated in four large studies. The One-Stop Clinic to 
Assess Risk (OSCAR) screening trial in the United 
Kingdom (UK) studied 12,339 women with singleton 
pregnancies between 10 and 14 weeks’ gestation. First-
trimester screening was accepted by 97.5% of the women, 
and if they screened positive (risk ≥1/300), 77% under-
went invasive diagnostic testing. There were 25 cases of 
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counseling and karyotypic evaluation. In the “contin-
gent” alternative, those at high risk (e.g., ≥1/50) based 
on first-trimester testing are offered genetic counseling 
and karyotype (CVS) while those at very low risk 
(<1/1500) are not offered additional screening because 
they are unlikely to become screen positive. Only those 
women at intermediate risk (≥1/50 and <1/1500) go on 
to the second-trimester quad test. In this intermediate-
risk group, the results of the first and second trimesters 
are integrated and a final risk estimate reported. Those 
with a risk of 1 : 270 or greater are offered genetic coun-
seling and karyotypic evaluation.

In a recent study by Cuckle et al.,28 midtrimester risks 
of trisomy 21 were retrospectively calculated from the 
FASTER trial data. First-trimester risk estimates were 
calculated using NT, PAPP-A, and free β-hCG. In this 
study, patients were categorized as high risk (>1/30), 
borderline risk (1/30-1/1500), and low risk (<1/1500) 
based on the results of the first-trimester evaluation. 
Only patients in the borderline category underwent 
recalculation of risk based on a second serum screen 
between 15 and 18 weeks, which included AFP, β-hCG, 
uE3, and inhibin. The initial detection of trisomy 21 
(>1/30) after first-trimester screening was 60% with 
FPR of 1.2%. Of the remaining population, 23% were 
at borderline risk and calculated as having additional 
screening. Contingent screening identified 91% of 
fetuses with trisomy 21, with a 4.5% FPR. Stepwise 
screening, in which all women other than those at highest 
risk had calculated first- and second-trimester testing, 
had a detection rate of 92% with FPR of 5.1%, Inte-
grated screening, in which all women had both first-
semester and second-trimester testing, had a detection 
rate of 88% with FPR of 4.9%. This study showed that 
contingent screening, in which only 23% of the popu-
lation went on to the second-trimester serum screen, had 
a similar detection rate of trisomy 21 as the protocols in 
which most if not all patients had recalculation of risk 
with second-trimester biochemistry.28

It is critical that the results of first- and second-trimes-
ter screening are not evaluated independently because 
the FPR is unacceptably high.1,30 In an analysis of the 
data from the BUN trial, the use of independent sequen-
tial screening resulted in a 98% detection rate of trisomy 
21 but with a 17% FPR. Tables 31-2 and 31-3 compare 
the different screening strategies.

Standardization of Nuchal 
Translucency Measurement 
Technique

In order for nuchal translucency screening to be accu-
rate, standardization of technique, training, and ongoing 
monitoring are crucial. This involves measurement of 
CRL and obtaining the appropriate NT measurement.

Primarily, two separate groups provide training,  
credentialing, and monitoring. The Fetal Medicine 

trisomy 21 in euploid fetuses was 1 : 8 and for fetuses with 
trisomy 21 was 7 : 8. There were 128 patients with NT 
of 3 mm or more. The lowest risk of trisomy 21 among 
euploid fetuses using combined screening was 1 : 1479, 
and the lowest risk among those with trisomy 21 was 
1 : 2. Ten patients (8%) had the risk lowered below 1 : 200 
and had normal outcome. These authors concluded that 
there is minimal benefit in waiting for combined screen-
ing in fetuses with NT of 3 mm or greater, and no 
benefit for those with NT of 4 mm or greater.25

Integrated and Sequential 
Screening

In 1999, Wald et al.26 introduced the concept of inte-
grated screening, in which first- and second-trimester 
evaluation is used to provide a single risk estimate for 
trisomy 21. The integrated test is a two-step protocol 
that initially begins with a first-trimester evaluation that 
includes NT and PAPP-A. The patient returns in the 
midtrimester for a serum test quad screen that includes 
alpha fetoprotein (AFP), unconjugated estriol (uE3), β-
hCG, and inhibin. The results of the first-trimester and 
second-trimester tests are integrated, and a final risk 
estimate is given to the patient when both components 
are complete. Using a 1/120 or greater risk estimate as 
a positive result, the detection rate of trisomy 21 was 
85% with FPR of 0.9%.26

The FASTER trial compared screening strategies 
across the first and second trimesters. There were 33,546 
patients with complete first- and second-trimester data 
available, including 87 fetuses with trisomy 21. The fully 
integrated screen that included first-trimester NT mea-
surement along with PAPP-A and a second-trimester 
quad screen resulted in the detection of 95% of fetuses 
with trisomy 21 at a 5% FPR or 87% if the FPR was set 
at 1%.21 The advantage of this protocol is the substantial 
decrease in FPR while maintaining the high sensitivity 
for the detection of trisomy 21.26 A disadvantage of 
integrated screening is that the patient does not have any 
screening results in the first trimester, and fetuses at high 
risk of trisomy 21 are not identified until the midtrimes-
ter.27 Compounding this, as many as 20% of patients 
may not comply with the second-trimester screen.20,28

Two alternative approaches to screening have been 
proposed in response to the criticism of late notification 
of patients at “high” risk of aneuploidy. Each of these 
alternatives is a type of sequential screening. Both pro-
tocols disclose first-trimester results to patients above a 
certain “cutoff ” risk (e.g., ≥1/50).27-29 Thus, women at 
substantial risk can be referred for genetic counseling and 
karyotypic evaluation early in gestation. In the step-wise 
alternative, those not identified in the high-risk group 
undergo a quad screen in the second trimester. In these 
patients, risk of both first- and second-trimester evalua-
tions are integrated and reported as a single number. 
Those with a risk of 1/270 or higher are offered genetic 
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TABLE 31-2. TYPES OF TRISOMY 21 SCREENING USING NUCHAL TRANSLUCENCY (NT)

SCREENING TEST FIRST TRIMESTER SECOND TRIMESTER DISCLOSURE/FOLLOW-UP

NT alone NT — Not recommended for screening.
Combined NT, β-hCG, PAPP-A — Results disclosed in first trimester.
Fully integrated NT, PAPP-A Quad screen Results integrated and disclosed as a single risk estimate at end of 

screening in second trimester.
Serum integrated PAPP-A Quad screen Results integrated and disclosed as a single risk estimate at end of 

screening in second trimester.
Stepwise sequential NT, β-hCG, PAPP-A Quad screen Results revealed after first part of test.

Risk (high): offered karyotype.
All others: quad screening.

Contingent sequential NT, β-hCG, PAPP-A Quad screen Results revealed after first part of test.
Risk (high): offered karyotype.
Risk (borderline): quad screening.
Risk (low): no further testing.

Quad screen AFP, β-hCG Results disclosed in second trimester.

β-hCG, Beta subunit of human chorionic gonadotropin; PAPP-A, pregnancy-associated plasma protein A.
Quad screen: alpha fetoprotein (AFP), unconjugated estriol (uE3), β-hCG, and inhibin.
Threshold for what is considered high risk, borderline risk, and low risk varies and will influence the detection rate and false-positive rate.

Foundation (FMF) in the UK was the first to describe 
the criteria for standardizing the NT measurement. The 
Nuchal Translucency Quality Review (NTQR) program 
is based in the United States. The initial criteria of the 
FMF were modified minimally, most notably by includ-
ing a shorter CRL. The measurement of NT must be 
done on equipment that will allow the demarcation of a 
clear NT. The calipers must be able to be adjusted in 
increments of 0.1 mm. The examination is usually per-
formed transabdominally, although transvaginal mea-
surements can be used as necessary. Approximately 20 
minutes should be allocated to obtain the required mea-
surement. The criteria for properly measuring the nuchal 
translucency is illustrated in Figure 31-2. The specific 
details for credentialing can be found at www.ntqr.com 
or www.fetalmedicine.com.

Crown-rump length must be between 38 and 84 mm 
(some labs use 45-84 mm). This measurement is key 
because the NT measurement is converted into multiples 
of the median (MOM) based on the CRL. The CRL  
is measured as the longest straight line of the fetus  
while the head is in a neutral position. The CRL used for 
risk assessment should be the average of three good mea-
surements. In the setting of a nuchal cord, the measure-
ment above and below the cord should be averaged.

Haddow et al.31 showed that accuracy is critical in 
obtaining an NT measurement and relates to the sensi-
tivity of identifying affected fetuses. In 4412 women 
who underwent first-trimester screening with biochem-
istry and NT, measurements of NT varied considerably 
between centers and could not be reliably incorporated 
into risk calculations. No specific training in NT mea-
surement was required for this study, although the 
method for measuring NT was a standard protocol. Fur-
thermore, the center with the highest success rate in 

TABLE 31-3. TRISOMY 21: DETECTION 
RATE AND FALSE-POSITIVE RATE (FPR) 

OF DIFFERENT STUDIES

TEST (+ MATERNAL AGE) DETECTION RATE FPR

First Trimester
NT Alone (No Biochemistry)

UK multicenter13 77% 5%
SURUSS20 85% 15%
FASTER21 68% 5%
FASTER21 85% 23%

Combined First
OSCAR18 92% 5.2%
BUN19 79% 5%
BUN19 85% 9.4%
SURUSS20 85% 4.3%
FASTER21 85% 4.8%

Sequential Strategies
Serum Integrated (No NT)

SURUSS20 85% 3.9%
FASTER21 85% 4.4%

Fully Integrated
SURUSS20 85% 0.9%
FASTER21 85% 0.8%
FASTER21 95% 5%

Stepwise Screening
SURUSS20 94% 9%
FASTER28 92% 5.1%

Contingent Screening
FASTER28 91% 4.5%

Quad Screen4

FASTER21 85% 7.3%
FASTER21 81% 5%
SURUSS20 85% 6.2%

NT, Nuchal translucency; UK, United Kingdom; SURUSS, Serum, Urine and 
Ultrasound Screening Study; FASTER, First and Second Trimester Evaluation of 
Risk; OSCAR, One-Stop Clinic to Assess Risk.

From Wald NJ, Rodeck C, Hackshaw AF et al. SURUSS in perspective. Semin 
Perinatol 2005;29:225-235.

http://www.ntqr.com
http://www.fetalmedicine.com
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FETAL NUCHAL TRANSLUCENCY (NT) 
MEASUREMENT TECHNIQUE

Clear NT margins
Thin NT line
Harmonics off for edge enhancement
Angle of insonation perpendicular to NT space
Fetus horizontal on image

Fetus in midsagittal plane
Fetal spine midsagittal in thoracic and cervical 

region
Tip of nose in profile
Third and fourth ventricles in brain
Ribs, stomach, and heart not visible

Fetus occupies majority of image
Head, neck, and upper thorax fill image.
Fetus occupies more than 50% of width and 

length of image.
Head in a neutral position

Pocket of fluid should be visible between chin 
and neck.

Angle of neck and chest is less than 90 degrees.
Fetus seen separate from the amnion
Calipers (cursors) must be + (plus/positive).
Measurement

Calipers are placed at inner border of line that 
makes up lucency, not in lucency.

Measurement is perpendicular to long axis of 
fetus.

Lucency is measured in widest space.
Measure three times.
Report largest of three technically correct 

measurements.

obtaining an NT measurement (100%) had the lowest 
sensitivity (0%) for picking up trisomy 21. Results from 
the BUN trial revealed that after training, measurements 
were initially smaller than expected compared with nor-
mative values developed by FMF. With increasing expe-
rience, the measurements of the BUN trial were in 
concordance with published norms.19,32

A poorly done NT measurement has a negative impact 
on detection of aneuploidy, and inaccuracy of 0.5 mm 
decreases sensitivity by 18%.33 Training an inexperi-
enced examiner to obtain reliable reproducible NT mea-
surements takes 80 to 100 scans.34

Screening using an NT measurement is not always 
possible because of limited availability of this specialized 
ultrasound in certain areas and a variety of maternal 
conditions, including large myomas and high maternal 
body mass index, which may hamper the ability to 
obtain a reliable measurement. Initial studies suggest 
that an NT value is obtainable in 99% of cases, but 
clinical studies report an 80% initial success rate.35,36

If a reliable NT measurement is not possible, a serum-
only version of the integrated test can be offered. In this 
case, maternal serum PAPP-A is measured at 10 to 13 
weeks’ gestation, followed by the quad screen markers at 

15 to 20 weeks. The performance of the serum inte-
grated test with no ultrasound component is approxi-
mately 85% detection rate at a 5% FPR.18,21,26

Nuchal Translucency and  
Other Aneuploidies

A thickened NT has been used to detect fetuses with 
trisomy 18. These fetuses have an abnormal biochemical 
pattern with very low β-hCG and very low PAPP-A. The 
BUN trial of 8514 screened pregnancies, using a risk 
cutoff of 1/150, identified 91% of fetuses with trisomy 
18 with a 2% FPR. Additionally, 4 in 5 fetuses with 
trisomy 13 were identified.19 These trisomies result in 
fetuses that have multiple congenital malformations and 
rarely survive beyond the first year of life. The FASTER 
trial reported a detection rate of 78% for all non–trisomy 
21 aneuploidies at FPR of 6% when first-trimester 
screening for cystic hygroma or combined screening. 
The detection rate for trisomy 18 was 82% at a 6% 
FPR.37 Spencer and Nicolaides38 developed an algorithm 
for the detection of trisomy 18 and 13 that included 
maternal age, NT, free β-hCG, and PAPP-A. Using a 
risk cutoff of 1/150, they predicted a 95% detection rate 
for these chromosomal defects with FPR of 0.3%.

Cystic Hygroma

The distinction between a first-trimester cystic hygroma 
and a thick NT is controversial. Historically, a cystic 
hygroma has been diagnosed when the hypoechoic space 
at the back of the neck extends down the fetal back and 
contains septations (Fig. 31-3; Video 31-2). Malone 
et al.39 reported on 134 cases of cystic hygroma identified 
in the FASTER trial from 38,167 screened pregnancies, 
Chromosomal abnormalities were present in 51% of 
these patients, and major structural anomalies were iden-
tified in 34% of those without karyotypic anomaly. Sur-
vival with normal outcome was confirmed in 17% of 
cases. These investigators reported an increased risk of 
aneuploidy, cardiac malformations, and fetal death in 
fetuses with cystic hygroma compared with those who 
had a simple, thickened NT.39 Other investigators have 
reported that septations are seen in all thickened NTs if 
examined in the transverse suboccipitobregmatic plane 
and that the incidence of adverse outcome is related to 
NT thickness versus appearance.40,41

Nasal Bone

Dr. Down, in his original essay describing the physical 
features of a category of developmentally delayed indi-
viduals, identified the nose as being small.8 Not surpris-
ingly, fetuses with trisomy 21 have small or absent nasal 
bone. The fetal nasal bone can be seen by ultrasound 
starting at approximately 11 weeks’ gestation. The first-
trimester nasal bone evaluation is technically difficult, 
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fetuses with CRL of 45 to 54 mm, 55 to 64 mm, 65 to 
74 mm, and 75 to 84 mm, respectively.

Similarly, nonvisualization of the nasal bone increases 
with thickening NT. In fetuses with an NT below 95th 
centile, 1.6% had a nonvisualized nasal bone, compared 
with 2.7% for NT above 95th percentile of 3.4 mm, 
5.4% for NT 3.5 to 4.4 mm, 6% for NT 4.5 to 5.4 mm, 
and 15% for NT of 5.5 mm or greater. In this same 
study, an absent nasal bone was seen in 69% of trisomy 
21 fetuses and in 32% of fetuses with other chromo-
somal defects.44

No significant association exists between the biochem-
ical markers free β-hCG and PAPP-A and the fetal nasal 
bone; therefore these can be combined to refine the first-
trimester risk assessment for trisomy 21.45 Cicero et al.46 
prospectively evaluated 20,418 singleton fetuses between 
11 and 14 weeks. The fetal nasal bone was absent in 238 
(1.2%), was present in 19,937 (97.6%), and could not 
be evaluated in 243 (1.2%). A fetal nasal bone was absent 
in 113/20,165 (0.6%) of chromosomally normal fetuses 
and in 87/140 (62.1%) of fetuses with trisomy 21. The 
combination of NT and biochemical markers in the first 
trimester (combined first-trimester screening) resulted in 
the identification of 90% of fetuses with trisomy 21 at 
FPR of 5%. Inclusion of the nasal bone resulted in the 
same rate of detection of trisomy 21 but with FPR 
decreasing to 2.5%. These statistics held true if all fetuses 
underwent screening with a nasal bone evaluation as well 
as in a two-stage approach in which only those at inter-
mediate risk based on NT and biochemistry underwent 
nasal bone evaluation.

Not all investigators have been as successful using the 
fetal nasal bone to assess for aneuploidy. Sepulveda  
et al.47 reported on a series of 1287 consecutive fetuses 
being evaluated for NT and presence or absence of a  

and competency in assessing nasal bone reportedly takes 
on average 80 scans.42 The criteria for a nasal bone 
evaluation are shown in Figure 31-4. Initial first-
trimester screening studies report that the nasal bone is 
absent in 73% of fetuses with trisomy 21 and 0.5% of 
euploid fetuses.43 Since that initial study, an absent nasal 
bone was shown to be related to ethnicity. Cicero et al.44 
studied 5918 fetuses between 11 and 14 weeks and 
obtained a fetal profile in 99%. An absent fetal nasal 
bone in euploid fetuses varied by ethnicity. A nasal bone 
was not identified in 2.2% of Caucasian fetuses, 9% of 
African-Caribbean fetuses, and 5% of Asian fetuses. 
Younger fetuses also have a higher incidence of non-
visualization of the nasal bone. Absence of the nasal bone 
was seen in 4.7%, 3.4%, 1.4%, and 1% of euploid 

A B

FIGURE 31-3. Cystic hygroma. A, First-trimester fetus with skin thickening that extends around the entire body, consistent with 
cystic hygroma, and bilateral distended jugular lymphatic sacs. Note the bilateral pleural effusions, indicating hydrops. B, Axial scan 
through the head of the same fetus shows septations within the nuchal thickening.

CRITERIA FOR GOOD NASAL BONE 
EVALUATION

Fetus in midsagittal plane
Fetal spine midsagittal in thoracic and cervical 

region
Tip of nose clearly seen in nasal profile
Third and fourth ventricle in brain
Ribs, stomach and heart not visible

Fetus occupies majority of image
Head, neck, and upper thorax fill image
Fetus occupies more than50% of width and 

length of image
Margins of fetal anatomy clear without ambiguity 

in nasal anatomy
Angle of insonation 45 degrees to fetal profile, 

perpendicular to nasal bone
Brightness of nasal bone same as for overlying skin 

or brighter, appearing as “=” sign
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the angle and NT or serum biochemistries, suggesting 
that this may ultimately prove to be a useful adjunct in 
screening for trisomy 21.51

Reversed Flow in Ductus Venosus

The ductus venosus directs well-oxygenated blood from 
the umbilical vein to the coronary and cerebral circula-
tion. Abnormal blood flow demonstrated as a reversed a 
wave in the ductus venosus is seen in 80% of fetuses with 
trisomy 21 and in 5% of euploid fetuses7,52 (Fig. 31-5).

Tricuspid Regurgitation

Tricuspid regurgitation has also been proposed as a 
method of risk assessment. Falcon et al.53 compared 77 
fetuses with trisomy 21 and 232 chromosomally normal 
fetuses from singleton pregnancies at 11 to 14 weeks of 
gestation. Tricuspid regurgitation was identified in 57 
(74%) of trisomy 21 fetuses and in 16 (7%) of euploid 
fetuses. No relationship between tricuspid regurgitation 
and the levels of maternal serum free β-hCG and PAPP-A 
was identified. The authors concluded that an integrated 
sonographic and biochemical test can identify about 
90% of trisomy 21 fetuses for a 2% to 3% FPR.

Thickened Nuchal Translucency 
with Normal Karyotype

A thickened NT is associated with an increased risk of 
congenital heart defects (CHDs). In a study of 29,154 
euploid fetuses at 10 to 14 weeks’ gestation, Hyett  
et al.54 identified 50 with CHDs; 56% of the fetuses 
were from a group of 1822 with an NT thickness greater 
than 95%. In a meta-analysis evaluating the screening 

nasal bone. Overall, 110 fetuses (8.5%) had an NT detec-
tion rate of 95% or greater, and 25 (1.9%) had an absent 
nasal bone. Of the 31 trisomy 21 fetuses, 28 had NT above 
95% and 13 had an absent nasal bone. The detection rate 
of trisomy 21 was 90.3% using NT and 41.9% using an 
absent nasal bone. All but one fetus with an absent nasal 
bone had a thickened NT, and only two normal fetuses 
had an absent nasal bone. These authors concluded that 
although an absent nasal bone is highly predictive of 
trisomy 21, it is less useful as a sonographic marker than 
the NT. Malone et al.48 reported that the nasal bone evalu-
ation was not a useful test for population screening.

It is evident that the issues surrounding nasal bone 
(NB) screening in the first trimester are complex. The 
identification of the nasal bone as present or absent is  
a specialized skill that is attained with experience, even 
for competent imagers. It has been recommended that 
the nasal bone be considered a contingency marker  
in patients whose first-trimester risk based on NT and 
biochemistry is in an intermediate-risk category between 
1/101 and 1/1000.46,49,50

Other Markers for Aneuploidy

Flattened Facies

Individuals with trisomy 21 are known to have flattened 
facies. Recently, the frontomaxillofacial angle of the fetus 
has been studied to determine whether this might be a 
useful marker for trisomy 21. On a midsagittal view of 
the face, the angle between the upper surface of the 
maxilla and the frontal bone is measured. Early data have 
shown that the angle is greater than 85 degrees in 69% 
of fetuses with trisomy 21, compared with 5% of euploid 
fetuses. Importantly, there was no association between 

A B

FIGURE 31-4. First-trimester nasal bone assessment. A, Midsagittal profile of a fetus shows the correct method of assessing 
the nasal bone. Note that the nasal bone and the overlying skin form an “=“ sign (arrow). B, Midsagittal profile of a fetus with trisomy 
21 shows the echogenic overlying skin but absent nasal bone.
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anomaly was 1.5% in euploid fetuses with an NT below 
95 percentile compared with 18% in those with an NT 
above 99 percentile.57

Not all fetuses with a thick NT have an abnormal 
outcome. In 2001, Souka et al.58 reported on 1320 
euploid singleton pregnancies with an NT of 3.5 mm or 
greater. These fetuses underwent sonographic evaluation 
at 14 to 16 weeks and 20 to 22 weeks. The chance of a 
live birth with no defect was 86% in the group with an 
NT of 3.5 to 4.4 mm, 77% for NT of 4.5 to 5.4 mm, 
and 67% for NT of 5.5 to 6.4 mm. In fetuses with an 
NT of 6.5 mm or greater, the chance of normal outcome 
was 31%. In total, there were 200 fetuses (15.5%) with 
abnormalities, 80% of which were diagnosed prenatally. 
There were 1080 (82%) survivors, 60 (6%) of whom 
had abnormalities requiring medical or surgical care or 
were developmentally delayed. In a group of 82 fetuses 
with persistent nuchal thickening but an otherwise 
normal scan, 19% had an adverse outcome. In the group 
of 980 euploid fetuses with a normal second-trimester 
scan, there were 22 (2%) with adverse outcome. Severe 
developmental delay was seen in 1 of 82 (1%) with 
isolated persistent nuchal thickening, compared with 4 
of 980 (0.4%) with a normal scan.58

Bilardo et al.59 reviewed the outcome of 675 pregnan-
cies with an increased NT, known karyotype, and known 
pregnancy outcome. Of the study group, 451 (67%) had 
a normal karyotype, and 19% of these euploid pregnan-
cies had an adverse outcome. The range of abnormal 
outcome varied with the degree of NT thickening, from 
8% with NT between the 95% and 3.4 mm to 80% with 
NT of 6.5 mm or greater. Second-trimester sonography 
was performed on 425 euploid fetuses, and an abnormal-
ity was identified in  50 fetuses (12%). Of fetuses with 
a suspicious or abnormal scan, 86% had an adverse 
outcome. A normal second-trimester ultrasound was 
reported on 375 (88%) of fetuses, and 96% of those are 

performance of increased first-trimester NT for the 
detection of major CHDs, eight independent studies 
with 58,492 patients were reviewed. An NT above  
99% had a sensitivity of 30% for the detection  
of CHDs. If an NT above 99% is used as an indication 
for a fetal echocardiogram, 1 in 16 referred cases would 
have CHDs. If the threshold was lowered to fetuses  
with an NT above 95%, 1 in 33 referred cases would 
have a major CHD.55 Data from the FASTER trial 
confirmed that the incidence of major CHD increased 
with increasing NT, although the sensitivity for CHD 
detection was only 9.6%. These investigators concluded 
that NT lacked the qualities of a good screening test  
for heart disease; however, an NT of 2.5 MOM  
(99%) or greater is considered an indication for fetal 
echocardiography.56

Fetuses with a thick NT are at increased risk for a 
variety of major congenital abnormalities11 (Fig. 31-6). 
A major abnormality is one that is defined as requiring 
medical or surgical treatment or is associated with devel-
opmental delay. These include not only cardiac defects 
but also diaphragmatic hernia, body stalk anomalies, 
and abdominal wall defects, among a multitude of 
other syndromes and anomalies. In combined data of 28 
studies of 6153 euploid fetuses with thick NT, the preva-
lence of major anomalies was 7.3% (range, 3% to 50%). 
The prevalence of major anomalies increased from 1.6% 
in those with an NT less than 95 percentile to 2.5% for 
95 to 99 percentile, 10% with an NT of 3.5 to 4.4 mm, 
and increasing dramatically thereafter to 46% in those 
with an NT greater than 6.5 mm.11 Similarly, a thick-
ened NT has been associated with a myriad of genetic 
disorders.7,11

In chromosomally normal fetuses, the risk of intra-
uterine demise increases with increasing NT. In a study 
of 6650 pregnancies undergoing NT screening, the prev-
alence of miscarriage, fetal death, or termination for an 
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FIGURE 31-5. Reversed flow in ductus venosus. A, Color Doppler anatomy of vessels at oblique sagittal view of fetal trunk; 
UV, umbilical vein; DV, ductus venosus; IVC, inferior vena cava. B, Abnormal ductus venosus sonogram shows a reverse a wave. Absent 
or reversed a-wave flow can occur in cardiac failure, with or without cardiac defects, and in chromosomally abnormal fetuses.
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children had no malformations and normal developmen-
tal testing. Eleven percent of children had a structural 
abnormality noted after birth. Two children (1.2%) had 
neurologic delay. In one child, the delay was isolated, 
and in the other it was associated with an unidentified 
syndrome. These authors concluded that when the 
karyotype is normal and the sonogram is normal with 
resolution of the NT, the outcome is not adversely 
affected at 2 years of age.

SECOND-TRIMESTER SCREENING 
FOR TRISOMY 21

Although first-trimester risk assessment allows a patient 
the benefit of time in using the information to make 
decisions regarding pregnancy, not all women present for 
prenatal care early enough in gestation to take advantage 
of this benefit. In addition, first-trimester screening may 
not be readily available in all areas. Until about the last 
decade, the only method of prenatal risk assessment  
for aneuploidy was multiple marker serum screening and 
midtrimester genetic sonography. Serum screening, 
which now includes four biochemical markers and is 
known as the quad screen, is performed in the second 
trimester and has a sensitivity of approximately 80% for 
the detection of trisomy 21 with an FPR of 5%.1

Ultrasound is an integral part of risk assessment for 
aneuploidy in the middle trimester.62-70 Approximately 
25% of fetuses with trisomy 21 have a major congenital 

alive and well. Of fetuses with a thickened NT in the 
first trimester, normal karyotype, and normal second-
trimester scan, 4% had an adverse outcome, which 
included intrauterine demise, structural defects, and 
genetic syndromes. The most frequently missed anoma-
lies on ultrasound were cardiac defects, underscoring the 
need for detailed fetal echocardiography in fetuses with 
a thick NT. Westin et al.60 reported on 16,260 euploid 
fetuses from an unselected population to determine how 
well NT measurements predicted adverse outcome. The 
overall rate of adverse outcome was 2.7%. The risk of 
adverse outcome increased with thickening NT values. 
An NT of 3 mm or greater was associated with a 6-fold 
increase in adverse outcome, 3.5 mm or greater with a 
15-fold increased risk, and 4.5 mm or greater with a 
30-fold increased risk. These authors concluded that 
likelihood ratios could be used to calculate an individu-
al’s risk of adverse outcome but could not reliably diat-
inguish between normal and adverse outcome.

Senat et al.61 prospectively evaluated long-term 
outcome in children with a normal karyotype and a 
nuchal translucency at or greater than the 99%. An 
external control group was utilized for comparison. The 
study population consisted of 179 fetuses that under-
went midtrimester sonography as well as fetal echocar-
diography. There were 17 fetal losses, including 10 
malformations, 5 intrauterine demises, 1 miscarriage, 
and 1 termination. One hundred and sixty two liveborns 
were evaluated with serial pediatric examinations and 
formal developmental testing. At 2 years of age, 89% of 

E
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FIGURE 31-6. Structural abnormalities seen at nuchal translucency screening. A, Omphalocele; B, anencephaly; 
C, holoprosencephaly; D, micrognathia; E, megacystis.
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Nuchal Fold

Early studies showed that the presence of a thickened 
nuchal fold identified 40% of fetuses with trisomy 21 
with FPR of 0.1%.71-74 This measurement is obtained 
using an axial view through the fetal head, across the 
thalami and angled posteriorly to include the cerebral 
peduncles, cerebellar hemispheres, and cisterna magna as 
well as the occipital bone. The measurement is made 
from the surface of the occipital bone to the surface  

anomaly, such as cardiac defect, duodenal atresia, or 
ventriculomegaly66,67 (Fig. 31-7). The cornerstone to 
identifying fetuses with trisomy 21 has been the recogni-
tion of sonographic “markers.” Some of these markers 
are well known physical entities that were first described 
by Dr. Down in 1866, such as the thickened nuchal fold 
and the small nasal bone.8 Others are findings specific to 
prenatal sonography, such as echogenic bowel, echogenic 
intracardiac focus, pyelectasis, and short femoral and 
humeral length.

A

C D

B

FIGURE 31-7. Major congenital anomalies in trisomy 21. A, Ventriculoseptal defect (VSD). Four chamber view of the 
heart with a ventriculoseptal defect (arrow) demonstrated with color flow Doppler. B, Atrioventricular (A-V) canal. Four-chamber view 
of the fetal heart demonstrates a complete A-V canal. Note the abnormal “flattening” of the mitral and tricuspid valves into a common 
A-V valve (arrows). C, Duodenal atresia. Axial scan through the fetal abdomen shows a double bubble. D, Ventriculomegaly. Axial scan 
through the cranium of a fetus with trisomy 21 shows dangling choroid in fetus with ventriculomegaly.



Chapter 31 ■ Chromosomal Abnormalities  1131

TRISOMY 21:  
SONOGRAPHIC MARKERS

Nuchal fold
Absent/hypoplastic nasal bone
Short femur
Short humerus
Echogenic bowel
Echogenic intracardiac focus
Pyelectasis
Heart defect
Mild ventriculomegaly
Hypoplasia of fifth digit
Wide iliac angle
Ear length
Frontothalamic distance

FIGURE 31-8. Nuchal fold. Axial scan through the fetal 
head of a midtrimester fetus shows a thickened nuchal fold, mea-
suring 6 mm.

A B C

FIGURE 31-9. Second-trimester nasal bone assessment. A, Midsagittal profile of an 18-week fetus shows a normal nasal 
bone (arrow). B, Midsagittal profile of a second-trimester fetus demonstrates an absent nasal bone. C, 3-D image of a midtrimester fetus 
with trisomy 21 shows a flat profile.

of the skin edge (Fig. 31-8). Care must be taken not to 
angle below the occiput because this will lead to spuri-
ously large measurements. Initially, a measurement of 
6 mm or greater was considered abnormal; however, 
5 mm was later determined to be a more sensitive thresh-
old, with little change in the specificity.75 Interobserver 
variability for this measurement is small (1 mm), estab-
lishing the nuchal fold as a highly reproducible measure-
ment.76 Many investigators have subsequently reported 
that a thickened nuchal skin fold is an important marker 
for detecting trisomy 21, and after more than 20 years, 
it remains one of the most specific second-trimester 
markers.77-82 More recently, some have suggested that 
because the nuchal fold measurement fits a log gaussian 
distribution, it should be evaluated as a continuous  
variable and interpreted in the context of gestation- 
specific norms, to allow a more refined method of risk 
analysis.83,84

Nasal Bone

The fetal nasal bone is a recent sonographic marker 
included in second-trimester genetic sonography85 (Fig. 
31-9). The technique for visualizing the nasal bone in 
the midtrimester involves obtaining a midsagittal fetal 
profile. The angle of insonation should be 90 degrees to 
the longitudinal axis of nasal bone. If the nasal bone is 
viewed “on end” (0 or 180 degrees), it will appear erro-
neously as absent. A slightly oblique angle (45 or 135 
degrees) helps to define the edges of the nasal bone more 
sharply.86 In 239 fetuses referred for amniocentesis due 
to a risk of trisomy 21 of 1/270 or greater, Bromley  
et al.87 reported that 6/16 (37%) fetuses with trisomy 
21 did not have a detectable nasal bone. Of the fetuses 
with a detectable nasal bone, the mean length was shorter 
in those with trisomy 21 than in euploid fetuses. A 
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length varies among fetuses of different ethnicity. Asian 
fetuses tend to have shorter femurs and black fetuses 
longer femurs compared with white fetuses.100 Such dif-
ferences may be sufficient to question the usefulness of 
the femur as a marker in many populations.

Humeral Length

The length of the humerus is a more sensitive and spe-
cific marker for trisomy 21 than the femoral length.101 
Benacerraf et al.102 found that the measured humeral 
length was shorter than the expected humeral length  
in fetuses with trisomy 21, with a measured/expected 
humeral length ratio of less than 0.90 the optimal crite-
rion for detecting affected fetuses (expected humeral 
length = −7.9404 + 0.8492 × BPD). The use of this ratio 
identified 50% of the fetuses with trisomy 21, with a 
6.2% FPR.102

Mild Pyelectasis

In the second trimester, mild pyelectasis is considered 
present if the anteroposterior diameter of the renal pelvis 
4 mm or greater103 (Fig. 31-10, A). Among fetuses with 
trisomy 21, 17% to 25% have mild pyelectasis, com-
pared with 2% to 3% of euploid fetuses.103,104

Echogenic Bowel

Echogenic bowel is seen in 0.2% to 0.8% of midtrimes-
ter fetuses.105-107 To be considered echogenic, the bowel 
must appear as a well-delineated homogeneous area that 
is as bright as the adjacent bone using a transducer with 
a frequency of 5 MHz or less (Fig. 31-10, B; Video 
31-3). The incidence of chromosomal abnormalities in 
the setting of echogenic bowel ranges from 3% to 
27%.105-110 The etiology of echogenic bowel seen in asso-
ciation with aneuploidy may be related to poor bowel 
motility and decreased water content of meconium.110 In 
addition to aneuploidy, echogenic bowel is associated 
with cystic fibrosis, infectious etiologies such as cyto-
megalovirus, primary bowel abnormalities, and severe 
growth restriction. It has also been associated with fetal 
ingestion of blood and impending fetal demise.105-110

Echogenic Intracardiac Focus

An echogenic intracardiac focus (EIF) is a discrete, bright 
white dot, seen in the region of the papillary muscle of 
the heart (Fig. 31-10, C). Echogenic intracardiac foci are 
usually located within the left ventricle but can be seen 
in both sides of the heart. Most also are seen as a single 
focus but may occur as multiple foci. This sonographic 
finding is caused by mineralization of the papillary 
muscle and is seen in 16% of fetuses with trisomy 21.111 
However, EIF is also present in up to 5% of fetuses 
without trisomy 21.112

receiver-operator characteristic curve for the prediction 
of trisomy 21 based on biparietal diameter (BPD)/nasal 
bone length reveals that a cutoff of 11 or greater identi-
fies 69% of trisomy 21 fetuses with a 5% FPR.

Vintzileos et al.88 retrospectively evaluated the signifi-
cance of the nasal bone ossification in fetuses referred for 
genetic sonogram; 29 fetuses with trisomy 21 were com-
pared to 102 euploid fetuses. Absence of the nasal bone 
was seen in 41% of fetuses with trisomy 21 and none of 
the euploid fetuses. Other authors recommend measure-
ment of less than 5 percentile or an absolute measure-
ment as thresholds to predict aneuploidy.89-92

More recently, several groups have suggested that 
evaluating the nasal bone length as a multiple of the 
median is the optimal method of using this marker. 
Odibo et al.93 evaluated 3634 women at increased risk 
for aneuploidy. Nasal bone assessment was possible  
in 3197 women (88%), of whom 23 had fetuses with 
trisomy 21. A nasal bone length of less than 0.75 MOM 
provided the best definition of nasal bone hypoplasia 
and had a sensitivity and specificity of 49% and 92%, 
respectively, compared with 61% and 84% for BPD/
nasal bone length greater than 11. These investigators 
favor the incorporation of absent nasal bone as a major 
marker for trisomy 21 in the second-trimester genetic 
sonographic screening because of its ease of identifica-
tion and better specificity compared with MOM of less 
than 0.75. The absence of the fetal nasal bone can be 
as powerful a marker for trisomy 21 as the thickened 
nuchal fold.94

Of note, there is variation in the prevalence of a hypo-
plastic or absent nasal bone depending on ethnicity. 
Cicero et al.91 reported that 8.8% of patients of African-
Caribbean ancestry had an absent or hypoplastic nasal 
bone, compared with 0.5% of Caucasian fetuses, thus 
limiting the utility of this marker in patients of African-
Caribbean heritage.

Three-dimensional (3-D) ultrasound has been used to 
evaluate the presence or absence of the fetal nasal bone. 
In 20 fetuses with trisomy 21, Benoit and Chaoui95 
found nine had either an absent or a hypoplastic nasal 
bone on 2-D ultrasound. The 3-D evaluation showed 
bilateral nasal bone absence in six fetuses and unilateral 
nasal bone absence in three.

Femur Length

A short femur was one of the earliest recognized features 
in the sonographic detection of trisomy 21.96 The 
expected femoral length (FL = −9.645 + 0.9338 × BPD) 
accounts for 94% of variation in normal length.97 Based 
on BPD, a measured-to-expected femur length ratio of 
0.91 or less identifies 40% of fetuses with trisomy 21, 
with a 5% FPR.98 Although all agree that fetuses with 
trisomy 21 have shorter femurs than euploid fetuses,  
the difference is quite small, and the clinical utility of 
this finding remains controversial.99 Additionally, femur 
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Adjunct Features of Trisomy 21

Adjunctive features of trisomy 21 that can be sought 
sonographically include iliac angle measurements, ear 
length, clinodactyly, hypoplasia of the middle phalanx 
of the fifth digit, and frontothalamic distance. Many  
of these features are difficult to standardize, and there  
is substantial overlap between those with and without 
trisomy 21. This limits the utility or these adjunct char-
acteristics in identifying fetuses with trisomy 21.118-124

The fetal iliac length and angle measurements have 
been addressed as a potential sonographic marker for 
trisomy 21. Abuhamad et al.118 reported that the iliac 
length measurement is increased in fetuses with trisomy 
21. These investigators derived a linear regression of iliac 
length measurement (cm) = −0.2723 + 0.0333 BPD 
(mm) and found that a ratio of observed/expected iliac 
length measurement of 1.21 or greater had a sensitivity 
of 40% and specificity of 98% for the detection of 
trisomy 21. The angle between the two iliac bones mea-
sured on a cross section of the fetal pelvis is wider in 
fetuses with trisomy 21. Using an iliac angle of 90 
degrees or greater as abnormal, Shipp et al.119 identified 
37% of fetuses with trisomy 21 with FPR of 4.3%. The 
angle measurement varies considerably depending on the 
level at which the image is obtained, and the ideal level 
of angle determination has not been established.

Frontal lobe dimensions are smaller in fetuses with 
trisomy 21. Bahado-Singh et al.120 reported that 52% of 
trisomy 21 fetuses between 16-21 weeks’ gestation had 
a frontothalamic distance of less than the 10th percen-
tile. These investigators found that an observed/expected 
frontothalamic distance ratio of 0.84 or less had a sensi-
tivity and specificity of 21.2% and 95.2%, respectively, 
for the detection of trisomy 21.

About 60% of neonates with trisomy 21 have  
hypoplasia of the middle phalanx of the fifth digit.  

An EIF is the most common marker to occur as an 
isolated entity both in fetuses with trisomy 21 and in 
euploid fetuses.66,67 This finding carries a twofold to 
fourfold increased risk of trisomy 21.66,67,70,112,113 Impor-
tantly, this marker cannot be used reliably in patients of 
Asian ancestry because of the high prevalence of the EIF 
in the euploid Asian population.114

The identification of an EIF is confounded by techni-
cal considerations such as cardiac position. When the 
interventricular septum is pointing directly toward or 
away from the transducer beam in an apical or basal 
view, an EIF is detected more often than when the 
septum is imaged perpendicular to the transducer beam 
in a lateral view. To be convinced that an EIF is present, 
it must be as bright as bone and seen in several planes. 
Other normal specular reflectors in the fetal heart,  
such as the moderator band in the right ventricle, can  
be mistaken for an EIF. Winn et al.115 evaluated 200 
patients scanned between 18 and 22 weeks’ gestation. 
The rate of “true” echogenic intracardiac foci was 11/200 
(5.5%). The rate of “false” echogenic foci was 34/200 
(17%). The most common locations for a false EIF were 
the moderator band, endocardial cushion, and tricuspid 
valve annulus.

Structural Anomalies

Approximately 25% of fetuses with trisomy 21 are  
identified as having a structural anomaly, including 
cardiac defects, duodenal atresia, ventriculomegaly, and 
hydrops.66,67,105,116 Cardiac defects are seen in approxi-
mately 50% of newborns with trisomy 21 and include 
atrioventricular septal defects and ventriculoseptal 
defects. With meticulous technique, these can be found 
prenatally in 80% to 90% of fetuses with trisomy 21.117 
However, the detection rate of most practitioners is not 
this high.

A
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FIGURE 31-10. Markers for trisomy 21. A, Pyelectasis. Transverse scan through the fetal abdomen at 18 weeks shows bilateral 
pyelectasis. B, Echogenic bowel. Sagittal scan through the fetal abdomen in the midtrimester reveals echogenic bowel (arrow). Note that 
the bowel is as bright as bone. C, Echogenic intracardiac focus (EIF). Axial scan through the fetal chest showing the four chamber view 
of the heart demonstrates an EIF in the left ventricle.
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Winter et al.65 demonstrated that the genetic sonogram 
scoring index and the method of ultrasound risk assess-
ment using likelihood ratios were essentially equivalent 
in the detection rate of trisomy 21. The advantage of 
using likelihood ratios is that a patient’s specific risk  
of aneuploidy can be calculated and balanced against  
the risk of pregnancy loss associated with an invasive 
procedure.

Genetic sonography is best used in conjunction with 
a priori risk estimates based on serum screening.133-138 
Souter et al.136 demonstrated that serum biochemical 
marker analytes and sonography are independent and 
therefore can be used in conjunction with each other to 
modify the risk of aneuploidy. Several investigators have 
shown that patients of advanced maternal age who had 
a normal genetic sonogram and reassuring serum screen 
are at low risk for trisomy 21.66,67,135,138

The use of genetic sonography in risk assessment after 
a variety of screening protocols has recently been assessed. 
Adding the genetic sonogram to the results of the screen-
ing tests within the FASTER trial substantially increased 

Benacerraf et al.121 reported that the ratio of the middle 
phalanx of the fifth digit over the middle phalanx of the 
fourth digit differed between euploid and trisomy 21 
fetuses. The median ratio for normal fetuses was 0.85 
and for trisomy 21 fetuses, 0.59. Using a cutoff of 0.70, 
75% of trisomy 21 fetuses were identified; however, this 
finding was also present in 18% of normal fetuses. The 
sonographic appearance of the fetal digits was not sug-
gested as a screening tool for trisomy 21, but rather as 
an adjunct to other signs.

Short fetal ear length has been reported as a potential 
marker for trisomy 21.122,123 Gill et al.124 demonstrated a 
significant difference between the ear sizes of normal and 
trisomy 21 abortuses, but the wide range seen within 
each gestational age window makes this finding not diag-
nostically useful.

Cases of trisomy 21 have been reported in fetuses  
with choroid plexus cysts.125 However, this is believed to 
result from the population incidence of choroid plexus 
cysts rather than from trisomy 21.126

Combined Markers

The finding of individual sonographic markers can be 
used to estimate a risk of aneuploidy.127-133 In 1992, our 
laboratory developed a scoring index that rated the 
markers previously described as “major” (score of 2 for 
thickened nuchal fold or major anomaly) and “minor” 
(score of 1 for each finding, such as short femur, short 
humerus, pyelectasis, echogenic bowel, and EIF).127,128 A 
cumulative score of 2 or more identified 73% of fetuses 
with trisomy 21, with an FPR of 4%. Nyberg et al.66,132 
suggested integrating these markers into risk assessment 
by using Bayes theorem and likelihood ratios. He showed 
that likelihood ratios could be calculated for each iso-
lated marker, then applied to the patient’s a priori (pre-
sumptive) risk using Bayes theorem. This resulted in a 
revised risk of aneuploidy based on the presence or 
absence of specific markers. Table 31-4 shows a compari-
son of four studies that computed likelihood ratios for 
trisomy 21 using isolated markers.66,67,70,132

Clusters of markers, even minor ones, confer more 
risk than individual markers alone66,67 (Table 31-5). 

TRISOMY 21: REVISED RISK RATIO

Revised risk A priori risk Likelihood ratio LR= × ( )

Example 1
A 25-year-old woman with a priori risk of trisomy 

21 of 1/500 based on quad screen.
Detailed ultrasound shows an isolated EIF (LR ~2).

Revised risk = × =1 500 2 1 250

Example 2
A 39-year-old woman with a priori risk of trisomy 

21 of 1/1000 based on quad screen.
Detailed ultrasound shows EIF and mild pyelectasis 

(LR ≈ 6 from two markers).

Revised risk = × =11000 6 1166

EIF, Echogenic intracardiac focus.

TABLE 31-4. LIKELIHOOD RATIOS (LR) OF MARKERS FOR TRISOMY 21

MARKER ISOLATED LR66 ISOLATED LR67 ISOLATED LR70

Nuchal fold 11 — 17
Short humerus 5.1 5.8 7.5
Short femur 1.5 1.2 2.7
Echogenic bowel 6.7 — 6.1
EIF* 1.8 1.4 2.8
Pyelectasis 1.5 1.5 1.9
Structural anomaly — 3.3 —

* Echogenic intracardiac focus.
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TABLE 31-5. TRISOMY 21: LIKELIHOOD 
RATIOS (LR) OF CLUSTER OF MARKERS

MARKERS (#) LR66 LR67

0 0.36 0.2
1 2 1.9
2 9.7 6.2
3 115.2 80

the detection rate of Down syndrome for some proto-
cols. At an FPR of 5%, adding genetic sonography 
increased the detection rate of Down syndrome from 
81% to 90% for the combined test and the quad screen. 
Furthermore, adding genetic sonography to the inte-
grated test increased the detection from 93% to 98%. A 
smaller increase in detection rate from 97% to 98% was 
observed for the stepwise test, and detection rate for the 
contingent protocol increased from 95% to 97%.139

Rozenberg et al.140 performed a multicenter interven-
tional study in an unselected population to evaluate the 
performance of first-trimester combined screening fol-
lowed by second-trimester ultrasound. First-trimester 
combined screening identified 80% of fetuses with 
trisomy 21 at a screen-positive rate of 2.7%. Using a 
thickened nuchal fold or the presence of a major anomaly 
on a second-trimester ultrasound increased the detection 
rate to 90%, with a screen-positive rate of 4.2%.

Krantz et al.141 performed a simulation study to assess 
genetic sonography as a sequential screen for trisomy 21 
after first-trimester risk assessment. First-trimester com-
bined screening resulted in a detection rate of 88.5% 
with a 4.2% FPR. A follow-up with genetic sonography 
using individual marker likelihood ratios to modify the 
first-trimester risk for screen-negative patients detected 
an additional 6.1% of trisomy 21 cases for an additional 
1.2% FPR, giving a total detection rate of 94.6% and a 
total FPR of 5.4%. If a contingent protocol were adopted 
in which only patients with a first-trimester risk between 
1/300 and 1/2500 were evaluated, the additional detec-
tion rate would be 4.8% with FPR of 0.7%, giving a 
total detection rate of 93% and a total FPR of 4.9%. 
These authors concluded that second-trimester genetic 
sonography, if used properly, can be an effective sequen-
tial screen after first-trimester risk assessment.

TRISOMY 18 (EDWARDS 
SYNDROME)

Trisomy 18 is the second most common multiple-mal-
formation syndrome after trisomy 21, with an incidence 
of 6.4 per 10,000 in the second trimester and 1.6 per 
10,000 live births.142 Individuals with this disorder have 
a limited capacity for survival, with 44% of those identi-

fied in utero dying before birth.143 About 50% of affected 
newborns die within the first week, and only 5% to 10% 
survive beyond the first year of life. Those who survive 
are severely mentally and physically handicapped.144

Fetuses with trisomy 18 have a plethora of anomalies. 
Sonographically, 77% to 97% of fetuses with trisomy 18 
can be identified by the presence of these structural mal-
formations.145-149 The more common structural anoma-
lies in fetuses with trisomy 18 include congenital heart 
defects, neural tube defects, hydrocephalus, diaphrag-
matic hernia, omphalocele, and abnormally clenched and 
fisted hands145-149 (Fig. 31-11). In our experience, cases 
of trisomy 18 not identified by prenatal ultrasound have 
been scanned early in the second trimester, when a com-
plete structural survey was not feasible or when other 
factors such as surgical scarring or maternal body habitus 
precluded optimal visualization of the fetus.127,128

TRISOMY 18: COMMON 
SONOGRAPHIC ABNORMALITIES

Choroid plexus cyst
Strawberry-shaped skull
Abnormal cerebellum
Abnormal cisterna magna
Neural tube defects
Cystic hygroma
Micrognathia
Cardiac defects
Omphalocele
Diaphragmatic hernia
Clenched hands
Radial ray anomalies
Clubfeet
Rocker-bottom feet
Intrauterine growth restriction (especially with  

polyhydramnios)

The sonographic findings observed in fetuses with 
trisomy 18 vary with gestational age. As expected, anom-
alies such as cystic hygromas are seen more frequently  
in the early midtrimester, whereas cardiac defects and 
growth restriction tend to be later findings. In a review 
of 47 fetuses with trisomy 18, Nyberg et al.148 identified 
cardiac defects in 14% before 24 weeks’ gestation and in 
78% scanned after 24 weeks. Intrauterine growth 
restriction (IUGR) was seen in 28% of affected fetuses 
scanned at less than 24 weeks and in 89% of those evalu-
ated in the third trimester. IUGR, in combination with 
polyhydramnios, is an ominous observation highly pre-
dictive of Edwards syndrome.148,150 Central nervous 
system (CNS) anomalies are reported in 34% of affected 
fetuses.146,149 Fetuses with trisomy 18 often have ompha-
loceles, 70% of which only contain bowel.151 Abnormali-
ties of the extremities, such as clenched hands with 
overlapping index fingers, are characteristic of trisomy 
18. Other findings, such as radial ray defects, rocker-
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FIGURE 31-11. Sonographic findings in trisomy 18. A, Choroid plexus cyst. Scan through the fetal head at 18 weeks 
shows bilateral choroid plexus cysts. B, Omphalocele. Scan of the fetal lower abdomen shows a bowel-containing omphalocele (arrow) 
as well as an umbilical cord cyst. C, Clenched fists. 3-D scan of a midtrimester fetus shows characteristic clenching of the hands and 
overlapping fingers. D, Radial ray anomaly. 3-D scan demonstrates a radial ray anomaly. Note the micrognathia as well. E, Strawberry-
shaped skull. F, 3D scan of the fetal spine at 18 weeks demonstrating a neural tube defect (arrow).

bottom feet, clubfeet, strawberry-shaped skull (flattening 
of occiput with pointing of frontal bones), and abnor-
mal-appearing cerebellum and cisterna magna, have been 
reported.144-155

Choroid Plexus Cysts

Choroid plexus cysts (CPCs) are discrete echolucencies 
within the choroid plexus that result from the folding of 
the neuroepithelium, trapping secretory products and 
desquamated cells156 (Fig. 31-11, A ). CPCs are seen in 
1% to 2% of the normal fetuses and are most common 
in the second trimester, usually resolving by 28 weeks’ 
gestation.145-147 About 30% of fetuses with trisomy 18 
have CPCs.147,148 The majority of fetuses with trisomy 
18 also have other structural anomalies to suggest  
aneuploidy; therefore, karyotyping is recommended for 
the fetus with a CPC and another finding.145-148 Cyst 
number, size, and laterality are not useful in distinguish-
ing affected fetuses from normals.157-159 Additionally, 
resolution of CPCs does not necessarily reflect a normal 
karyotype.160

The predictive value of isolated CPCs for aneuploidy 
is low when no other abnormalities are seen.125,147 There-
fore, after a CPC is seen, there should be a detailed 
ultrasound assessment, as well as correlation with a priori 

risk assessment based on an accepted screening protocol 
is recommended,125,161 but invasive testing is not neces-
sarily warranted.150,158,159,162-166 Cheng et al.167 reported 
on the significance of isolated CPCs in a population 
previously screened with NT and found that the likeli-
hood ratio for trisomy 18 was not increased in those with 
normal NT measurements.

TRISOMY 13 (PATAU 
SYNDROME)

The incidence of trisomy 13 in live-born infants is 
approximately 1 : 12,000.168 Individuals with trisomy 13 
have numerous structural abnormalities and are severely 
malformed and retarded. Anomalies often seen include 
forebrain defects, ocular malformations, facial clefts, and 
heart defects, as well abnormal extremities. About 45% 
of those born alive die in the first month, and 90% do 
not survive beyond 6 months of age. Rarely, survival is 
more long term.169 Sonographic detection of fetuses with 
trisomy 13 is 90% to 100% (Fig. 31-12).127,128,170-174

Cardiac and CNS defects are the most frequently 
identified anomalies. The most common CNS malfor-
mations identified in trisomy 13 are holoprosencephaly, 
ventriculomegaly, microcephaly, Dandy-Walker malfor-
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FIGURE 31-12. Sonographic findings in trisomy 13. A, Alobar holoprosencephaly at 11 weeks. B, Proboscis (arrow). 
C, Postaxial polydactyly on 3-D image at 14 weeks. D, 3-D scan of a third-trimester fetus shows a large, midline facial cleft.

TRISOMY 13:  
SONOGRAPHIC FINDINGS

Holoprosencephaly
Microcephaly
Neural tube defects
Facial clefts
Ocular anomalies
Cardiac defects
Echogenic intracardiac focus
Cystic hygroma
Postaxial polydactyly
Echogenic kidneys
Intrauterine growth restriction

mation, and other abnormalities of the posterior fossa. 
Alobar holoprosencephaly is often associated with 
severe midline facial defects, including hypotelorism, 
microphthalmia, and cyclopia. In addition, fetuses with 
trisomy 13 often have postaxial polydactyly, abnormal 
hand configuration, echogenic kidneys (30%), atypical 
calcifications,170-174 and IUGR.172

TRIPLOIDY

Triploidy is the result of a complete extra set of chromo-
somes (69 chromosomes) and is not related to maternal 
age.175 The extra set of chromosomes is often paternally 
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FIGURE 31-13. Sonographic findings in triploidy. A, Dandy-Walker malformation (arrow). B and C, Asymmetrical growth 
restriction. Note the discrepancy in size of the head and body. D, Syndactyly of the fingers. E, Scan through the placenta showing multiple 
lucencies as well as an omphalocele (arrow). F, Maternal ovaries with multiple cysts.

TRIPLOIDY: SONOGRAPHIC FINDINGS

3-4 Syndactyly
Cardiac defects
Neural tube defects
Posterior fossa anomalies
Heart defects
Cystic hygroma
Asymmetric growth restriction
Abnormal placenta
Oligohydramnios
Renal anomalies
Omphalocele

derived (73%) and usually occurs from a double fertiliza-
tion. Less often, triploidy results from fertilization of a 
diploid egg.176 Triploidy occurs in 1% to 3% of concep-
tions, and most are spontaneously aborted.177,178 The 
prevalence of triploidy between 16 and 20 weeks is 
1 : 5000 pregnancies, and survival of a fetus with triploidy 
beyond 20 weeks’ gestation is unusual.175 Fetuses 
with triploidy surviving into the midtrimester have  
a multitude of structural malformations, most often 
involving the CNS, heart, and hands, as well as marked 
asymmetrical growth restriction178,179 (Fig. 31-13).

associated with a small placenta and IUGR.176,177 Trip-
loidy can be associated with maternal complications, 
including early-onset preeclampsia, bilateral multicystic 
ovaries, hyperemesis gravidarum, and persistent tropho-
blastic disease.180,181

Jauniaux et al.178 described 70 cases of triploidy 
scanned between 13 and 29 weeks’ gestation. Anatomic 
defects were found in 93% of cases, with abnormalities 
of the hands (predominantly 3-4 syndactyly) the most 
frequent finding (52%). Cerebral ventriculomegaly  
was identified in 37%. Cardiac defects were detected in 
34% of fetuses, primarily atrioventricular septal defects. 
Micrognathia affected 26% of fetuses. Placental molar 
changes were seen in 29%, and amniotic fluid volume 
was decreased in 44%. Asymmetrical growth restriction 
was noted in 72% of cases, and each of these fetuses had 
a sonographically normal–appearing placenta.178

TURNER (45,X) SYNDROME

Turner syndrome is the result of a 45,X chromosomal 
complement, usually caused by loss of the paternal X 
chromosome, and is unrelated to maternal age. About 
95% of conceptuses are spontaneously aborted. Turner 
syndrome occurs in 1 : 2000 to 1 : 5000 live births.182-185 
The lethal type of Turner syndrome seen in the midtri-
mester of pregnancy generally presents with large sep-
tated cystic hygromas, total body lymphedema, pleural 
effusions, ascites, and cardiac defects182,183 (Fig. 31-14).

Paternal triploid origin is associated with a large pla-
centa filled with cystic spaces. Triploidy on the basis of 
an extra maternal chromosomal complement is usually 
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FIGURE 31-14. Sonographic findings in Turner (45,X) syndrome. A and B, Large septated cystic hygromas. C, Hydropic 
fetal arm in a fetus with severe lymphangiectasia. D, Small aorta (arrow) in fetus with interrupted aortic arch.

Cystic hygromas are malformations of the lymphatic 
system and appear as saccular septated fluid collections, 
most often surrounding the back of the fetal head  
and neck. Azar et al.184 reported that 75% of fetuses 
with bilateral dorsal septated nuchal cervical cystic 
hygromas had chromosomal anomalies, the most 
common being Turner syndrome (94%). Although 
many second-trimester fetuses with cystic hygromas have 
Turner syndrome, other karyotypic abnormalities, 
including trisomies 21, 18, and 13 and triploidy, have 
also been reported. In general, cystic hygromas in fetuses 
with Turner syndrome are larger than those seen with 

other karyotypic abnormalities, and Turner fetuses may 
also have generalized lymphedema extending down the 
torso and extremities.

Cardiac abnormalities, most often left-sided defects 
such as coarctation of the aorta, may be identified in 
10% to 48% of fetuses with Turner syndrome. However, 
this may be an underestimation because many fetuses  
are identified late in the first semester or early in the 
second trimester, when optimal cardiac evaluation is not 
likely.182-185 Baena et al.182 reported on 125 cases of 
Turner syndrome from an unselected population and 
noted that 67% were identified prenatally. The most 
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common sonographic findings were cystic hygromas 
(59%) and hydrops (19%).

CONCLUSION

Over the last two decades, risk assessment for aneuploidy 
has been refined to the point that maternal age alone is 
no longer considered adequate in determining the risk 
of having a chromosomally abnormal offspring. Obstet-
ric sonography, in conjunction with serum analysis, has 
become a powerful tool in the assessment of risk for 
aneuploidy, in both the first and the second trimester. 
In the midtrimester the diverse sonographic patterns 
seen in the different aneuploidies allows clinicians to 
guide patients to a presumptive diagnosis. The informa-
tion obtained noninvasively helps the expectant couple 
to weigh the risks of invasive testing against the probabil-
ity of having a child with an abnormality. The goal  
of screening is the detection of a greater number  
of karyotypically abnormal fetuses with fewer invasive 
procedures and subsequently the loss of fewer normal 
fetuses.
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CONCLUSION

Multiple gestations have become more common in 
the United States and are associated with increased mor-
bidity and mortality compared with singleton births. 
The higher the number of fetuses the greater the number 
of risks associated with the pregnancy. Fetuses with a 
shared placenta have certain risks that fetuses with their 
own placenta do not have. When assessing a pregnant 
patient, it is important not only to identify if multiple 
gestations are present, but also to determine the number 
and placentation of the fetuses early in gestation. This 
will enable the physician to counsel the patient accu-
rately about potential risks associated with the preg-
nancy, to screen for these risks appropriately, and to care 
for the patient as needed.

INCIDENCE

The number of multiple births in the United States has 
risen dramatically over the past 3 decades. Twins account 
for 3.2% of all live births1 and 94% of all multiple 
births.2 In the United States in 2005, twins and higher-
order multiple gestations accounted for 31.1 and 1.8 per 
1000 live births, respectively.3 The two most important 
factors contributing to this change are the use of assisted 
reproductive technology (ART) and delaying childbear-
ing to a later age. Other influential factors include race 

and geography, family history, parity, and body habitus. 
Higher education level and socioeconomic status of the 
woman have been reported as factors, although these are 
thought to be linked to use of ART.2

1145

RISK FACTORS FOR MULTIFETAL 
PREGNANCY

Assisted reproductive therapy
Increased maternal age
Race/geography
Family history
Increased parity
Obesity

Assisted Reproductive Technology

A common type of ART is in vitro fertilization (IVF). 
In the early practice of IVF, multiple embryos were 
transferred to obtain a higher rate of achieving and main-
taining pregnancy. More recent studies have shown that 
transfer of fewer embryos can still yield a successful preg-
nancy. With as few as two embryos transferred, the rate 
of dizygotic twins is as high as 28%.4,5 Even when only 
one embryo is transferred, that embryo can cleave into 
monozygotic twins.6



1146  PART IV ■ Obstetric Sonography

dizygotic twins or fraternal twins. In this situation, 
there are two blastocysts that form, resulting in two 
placentas, and subsequently two chorions, amnions, and 
fetuses. Monozygotic twins or “identical” twins result 
when there is fertilization of one sperm and one ovum 
into one zygote, which then undergoes cleavage to result 
in twins. For spontaneous conception, dizygotic twins 
are more common than monozygotic twins, at a 70:30 
ratio.16 The frequency of dizygotic twins compared to 
monozygotic twins in the setting of ART with multiple 
embryo transfers is much higher, at a 95:5 ratio.17

Chorionicity refers to type of placentation. In a dizy-
gotic gestation, each zygote forms its own placenta, and 
thus each fetus has its own chorion and amnion, a diam-
niotic dichorionic twin gestation.

In a monozygotic gestation, the chorionicity and 
amnionicity are determined by when cleavage occurs. 
When there is early cleavage of a zygote before blastocyst 
formation, which is before day 4 after fertilization, the 
result is two blastocysts. The blastocyst implants in the 
endometrial cavity and eventually forms the placenta, 
chorion, amnion, and fetus. Thus, with early cleavage, 
two blastocysts result in two placentas and two fetuses, 
each with its own chorion. As the chorion forms before 
the amnion, if there are two chorions, there must be two 
amnions (diamniotic dichorionic twin gestation).

If late cleavage occurs between days 4 and 8 after 
fertilization, the blastocyst has already formed, and thus 
there is only one placenta. What cleaves at this point is 
the inner cell mass. The amnion has not yet formed, and 
thus cleavage during this time results in a gestation with 
one chorion and two amnions, a diamniotic monocho-
rionic pregnancy.

If cleavage occurs 8 days after fertilization, at a time 
after both the chorion and the amnion have formed, 
what cleaves is the embryonic disc; this results in a 
monoamniotic (and thus monochorionic) twin preg-
nancy. A conjoined twin results if there is incomplete 
cleavage of the embryonic disc by day 13 (Table 32-1).18

All dizygotic twins and one third of monozygotic 
twins are dichorionic, resulting in 80% of all natural 
twins. Almost two thirds of monozygotic twins are 
monochorionic diamniotic. Monoamniotic twins are 
rare, representing less than 1% of monozygotic twins 
(Fig. 32-1).

Maternal Age

Dizygotic twinning occurs more frequently in older 
women, even without fertility therapy. The incidence of 
naturally conceived twins increases fourfold between 
ages 15 and 35 years,7 with peak age at 37, when there 
is maximum hormonal stimulation and increased rate  
of double ovulation.8 The trend toward delaying child-
bearing to a later age, without factoring in use of ART, 
accounts for up to 33% of the increase in multiple 
births.2

Race and Geography

Some black populations of Africa have the highest rate 
of naturally conceived twins, at 1 in 30, whereas some 
Asian populations have much lower rates of less than 1 
in 100. The incidence in Caucasians falls between these 
two groups at 1 in 80.9,10 In the United States, more 
twins and higher-order gestations occur in whites than 
in Hispanics or blacks.2

Family History

The genetic component for twins can be inherited by 
either parent but is thought to be expressed in women.11 
If a woman is a dizygotic twin, the rate of giving birth 
to twins is 1 in 58. If the husband is a twin and the 
woman is not, the rate of twinning is 1 in 116.12

Parity and Body Habitus

Increase in parity is associated with increased rate of 
twinning, even when controlling for maternal age.7,13 
Women who are obese (body mass index [BMI] ≥30 kg/
m2) and women who are tall (≥65 inches [162 cm]) are 
more likely to have dizygotic twins than women who  
are underweight (BMI <20 kg/m2) and women who are 
short (<61 inches [152 cm]).14,15

ZYGOSITY AND PLACENTATION

Zygosity refers to the type of conception. If twins arise 
from fertilization of two sperm and two ova, they are 

TABLE 32-1. EVENTS INVOLVING PLACENTATION IN A MONOZYGOTIC GESTATION

DAYS AFTER FERTILIZATION UNIT THAT CLEAVES CHORIONICITY AMNIONICITY

Before 4 days Zygote Dichorionic Diamniotic
4-8 days Inner cell mass Monochorionic Diamniotic
8-12 days* Embryonic disc Monochorionic Monoamniotic

*Incomplete cleavage of embryonic disc by day 13 results in conjoined twins.
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is a dichorionic gestation. If there is a thin or no percep-
tible membrane seen this early in gestation, it is a mono-
chorionic gestation. In a monochorionic diamniotic 
gestation, a thin membrane is usually seen surrounding 
the individual embryos if the gestational age is sufficient 
for a visible amnion to be present (about 8 weeks). If a 
membrane is not seen, assessing the number of yolk sacs 
is helpful. A monoamniotic gestation is present when 
there is one yolk sac with two embryos.22-25 If there are 
two yolk sacs with two embryos, even if an intervening 
membrane is not seen, it still has to be a diamniotic 

SONOGRAPHIC DETERMINATION 
OF CHORIONICITY AND 
AMNIONICITY

Chorionicity can be determined with high reliability in 
the first trimester with accuracy of 98% to 100%.19-21 
Very early in gestation, between 6 and 9 weeks, the 
membrane thickness can be used to determine chorion-
icity and the number of yolk sacs used to determine 
amnionicity. If a thick membrane (>2 mm) is seen, it 

Dichorionic diamniotic

Monochorionic diamniotic

Monochorionic monoamniotic

Monozygotic
twins

1 zygote

Dizygotic twins

2 zygotes

66%

33%

100%

1%

FIGURE 32-1. Diagram illustrat-
ing zygosity and placentation in 
twins. Of all twins, 70% are dizygotic 
(from 2 sperm and 2 eggs) and 30% of 
twins are monozygotic (from 1 sperm and 
1 egg). From all dizygotic twins, 100% 
form dichorionic diamniotic placenta. 
From all monozygotic twins, 33% are 
dichorionic diamniotic, 66% are mono-
chorionic diamniotic, and 1% are mono-
chorionic monoamniotic.
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The “twin peak” sign can be used to distinguish between 
these two entities.30 This finding, also called the lambda 
sign, is produced by proliferating chorionic villi growing 
into the potential space between the two layers of chorion 
in the intertwin membrane31,32 (Figs. 32-4, B and C ). 
The presence of twin-peak sign indicates dichorionicity, 
but its absence does not indicate monochorionicity.20,33,34 
This is especially true in the second and third trimesters, 
as the sign regresses in conspicuity with progression of 
gestation.33

In a monochorionic gestation, there is a single pla-
centa and a single chorion, and thus the potential space 
for the twin-peak sign does not exist. The two layers of 
amnion extend to the placenta, referred to as the “T” 
sign (Fig. 32-4, D; Video 32-5). This sign predicts 
monochorionicity with sensitivity of 100% and specific-
ity of 98.2%.20

Umbilical Cord

Sometimes it can be difficult to identify an intervening 
membrane to distinguish diamnionicity from monoam-
nionicity. In general, the insertion sites of the umbilical 
cords into the placenta are closer to each other in mono-
amniotic twins than in diamniotic twins (Fig. 32-5, A). 
However, the only way to diagnose monoamnionicity 
with certainty is to identify one twin’s cord either around 
the other twin or entangled with the cord of the other 
twin35 (Fig. 32-5, B).

Accuracy

Using the tools just described, chorionicity, even later in 
gestation, can be determined quite reliably. One study 
of 410 twins (≤24 weeks’ gestation) accurately identified 
chorionicity in 392 (95.6%).36 Another study of 150 
twins earlier in gestation (10-14 weeks) used a combina-
tion of membrane thickness, number of placental sites, 
and lambda and T signs and accurately predicted chori-
onicity in all but one.20 Another study of 100 twins with 
scans in the second trimester used fetal gender, placental 
number, twin-peak sign, and dividing-membrane thick-
ness and predicted chorionicity, amnionicity, and zygos-
ity with 91% or higher sensitivity and specificity.37

MORBIDITY AND MORTALITY

Infant mortality of twins is five times that for singletons 
(37 vs. 7 per 1000 live births).38 Twins account for 12% 
to 15% of neonatal deaths.39 When assessing morbidity 
and mortality, gestational age at delivery, chorionicity, 
and sonographic findings are each independent, statisti-
cally significant, prognostic factors.19 The risk of preterm 
delivery is higher for multiples than singletons and 
increases with increasing number of gestations. However, 
when controlling for gestational age, outcomes of  

gestation (Fig. 32-2; Videos 32-1, 32-2, and 32-3). 
Follow-up later in gestation will demonstrate the two 
amniotic sacs in these cases.

As the gestation progresses, other factors can be used 
to determine chorionicity and amnionicity.

Membrane Thickness

Membrane thickness, in experienced hands, has 100% 
intraobserver concordance and 91% interobserver con-
cordance,26 making it a reliable tool to assess chorionicity 
(Fig. 32-3). Problems can arise late in gestation when a 
“thick” membrane becomes perceptibly “thin.”27 Tech-
nical factors such as assessing the membrane close to the 
placental attachment site, or having the membrane  
perpendicular to the ultrasound beam, can have the 
opposite effect and cause a “thin” membrane to appear 
“thick.”16

In a study of twins between 10 and 14 weeks’  
gestation, a membrane thickness cutoff of 1.5 mm or 
greater was 100% specific and 92.6% sensitive for 
dichorionicity, with a positive predictive value (PPV) of 
100% and negative predictive value (NPV) of 80%.20 
Another study examined twins later in gestation, at 20 
to 35 weeks, and assessed membrane thickness using 
two-dimensional (2-D) and three-dimensional (3-D) 
ultrasound. Using a cutoff of 1.8 mm, the sensitivity 
and specificity for dichorionicity were 97% and 94%, 
respectively, for 3-D and 83% and 83%, respectively, 
for 2-D sonography.28

Fetal Gender

In the second and third trimesters, if different genders 
are seen, by definition the twins have to be dizygotic and 
thus dichorionic. The only exception to this rule is a rare 
case of postzygotic nondysjunction, in which one twin 
appears male, with an XY karyotype. However, the Y 
chromosome becomes lost in the second twin, resulting 
in a 45 XO female fetus with Turner syndrome. If the 
fetuses are of the same gender, zygosity cannot be deter-
mined using this criterion, and thus chorionicity cannot 
be based on gender alone.

Placenta

If two clearly separate placentas are present, one for each 
twin, dichorionicity can be stated with certainty29 (Fig. 
32-4, A; Video 32-4). The only exception to this rule is 
a succenturiate lobe in a monochorionic twin. There-
fore, attention must be paid to the size of the placentas 
being about equal, and each fetus having a separate pla-
centa. In some cases, because of the sites of implantation, 
two placentas are located adjacent to each other, making 
it difficult to determine if there are indeed two “fused” 
placentas or only a single placenta. The former would 
imply dichorionicity and the later monochorionicity. 
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FIGURE 32-2. First-trimester transvaginal scans assess-
ing chorionicity and amnionicity. A, Dichorionic diamni-
otic gestation. Sagittal view of twins at 8 weeks shows two intrauterine 
gestational sacs with two embryos, separated by a thick intervening 
membrane. B, Monochorionic diamniotic gestation. Transverse view 
of twins at 9 weeks shows a thin membrane (amnion) surrounding each 
embryo. C, Monochorionic diamniotic gestation. Transverse view of 
twins at 6 weeks shows no perceptible membrane. However, two yolk 
sacs and two embryos are seen. D, Dichorionic triamniotic gestation. 
Transverse view of triplets at 8 weeks shows three embryos. One embryo 
has its own amnion and chorion, with a thick dividing membrane with 
the other sac, which contains two embryos and two yolk sacs. It is dif-
ficult on this image to appreciate the amnions in the second chorionic 
sac, but they must be present, given two yolk sacs. E, Sextuplets at 9 
weeks. Transverse view shows five of the six sacs, all separated by the 
thick membrane, as each fetus has its own chorion and amnion.
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Intrauterine Fetal Demise

The incidence of twins is higher than actually docu-
mented because early pregnancies with subsequent loss 
of a fetus are not diagnosed as multiple gestations. In 
one study of 1000 first-trimester scans, twins were seen 
in 3.3%. Of these 21.2% “vanished” later in the first 
trimester.48 Thus, depending on if and when a first-
trimester scan is performed, a twin gestation with early 
demise may be classified as a singleton pregnancy.

Higher rates of at least one embryonic loss have been 
reported in multiple gestations conceived with ART, 
with rates of 35% to 36% in twins, 53% to 59% in 
triplets, and 47% to 65% in quadruplets.49,50 Some of 
this increase could be caused by an earlier onset and 
increased frequency of performing first-trimester scans.

In general, single fetal death occurs in 2.6% to 9% of 
twins.19,51,52 This is twice as common in monochorionic 
twins than dichorionic twins.53 The chance of survival 
of the other fetus depends on the chorionicity and is 
inversely related to the time of death of the twin fetus.52 
When loss of a twin occurs before 16 weeks, outcome is 
much better than when loss of a twin occurs after 16 
weeks, when there is up to 50% chance of prematurity, 
22% risk of IUGR, and 13% perinatal mortality54 (Fig. 
32-6). In monochorionic twins with loss of a twin after 
the first trimester, the “twin embolization” syndrome 
can occur, as discussed later.

Structural Anomalies

Major malformations are twice as common and minor 
malformations 1.5 times more common in twins than 
singletons.55 Triplets have up to a threefold increase in 
major malformations compared with twins, and higher-
order gestations have a more than sixfold increase.56 The 
later in gestation the cleavage into twins occurs, the higher 
the incidence of structural abnormalities. Monozygotic 
twins have more structural defects compared with dizy-
gotic twins and singletons,57 with rates of 3.1% to 3.7% 
versus 1.9% to 2.5%, respectively.58 Of the monozygotic 
twins, the monochorionic gestations have increased risk 
of malformations compared to the dizygotic gestations. 
Even though monozygotic twins have the same chromo-
somal makeup, they can have discordant anomalies. The 
extreme example of late cleavage is conjoined twins, 
which all have structural abnormalities.

Of all anomalies, those involving the central nervous 
system (CNS) are most common (Fig. 32-7). Cerebral 
palsy is more likely to occur in twins than singleton 
pregnancies.59 The prevalence of cerebral palsy in twins 
is 7.3 to 12.6 per 1000 infants, increasing in triplets up 
to 28 to 44.8 per 1000, compared to singletons with 
rates of 1.6 to 2.3 per 1000.60,61 Antenatal necrosis of the 
cerebral white matter is more common in monochori-
onic twins, likely from the presence of vascular connec-
tions in the placenta.44

otherwise normal multiples are similar to singletons.40 
This suggests that prematurity and intrauterine 
growth restriction (IUGR) are the main issues that 
increase neonatal morbidity and mortality in multiple 
gestations.

Although most twin gestations are dichorionic, the 
monochorionic pregnancies account for up to 50% of 
the mortalities of twin pregnancies.41 Monochorionic 
gestations have a higher rates of fetal loss before 24 
weeks, stillbirth after 28 weeks, preterm delivery, IUGR 
and discordant growth, and neurologic morbidity com-
pared to dichorionic twins.42-46 Of the monochorionic 
twins, the monoamniotic gestations have the highest 
mortality, up to 50%, primarily from cord accidents.47

FIGURE 32-3. Three-dimensional membrane. 
Dichorionic diamniotic gestation. 3-D image of a 17-week ges-
tation shows a thick, intervening membrane (arrow) separating 
twins.

SONOGRAPHIC FINDINGS FOR 
DETERMINING CHORIONICITY  

AND AMNIONICITY

Different fetal genders = dizygotic and thus 
dichorionic

Two separate placentas = dichorionic but can be 
monozygotic or dizygotic

Lambda or twin-peak sign = dichorionic, but if 
absent does not mean monochorionic

T sign with 1 placenta = monochorionic diamniotic
1 yolk sac with 2 embryos very early in gestation = 

monoamniotic
Entangled cords or cord of one fetus around other 

fetus = monoamniotic
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chorionic gonadotropin and pregnancy-associated 
plasma protein A, identifies 90% of trisomy 21 in single-
tons, and 80% in twins.63

Chorionic villus sampling (CVS) and amniocente-
sis can safely be performed in twins, without associated 
increase in fetal loss rate.64-67 For CVS, the sample error 
rate is 1.2% to 1.5%.64,68 In some cases, CVS of one 
twin is performed at the same time as fetal reduction 
of the other twin. This same-day dual procedure  
does not increase the rate of fetal loss.68 Some have 
proposed delaying the reduction to slightly later in  
gestation (13-14 weeks), after CVS results are con-
firmed. This allows for increase in detection rate of 
abnormal findings, including abnormal NT, growth 
discordance, cystic hygroma, and CNS anomalies, but 

Other Screening Tests  
for Anomalies

There are multiple tests used to screen for anomalies 
with twins. Maternal serum alpha fetoprotein (MS-
AFP) is increased in all twins (because more than one 
fetus is present). However, when the MS-AFP in twins 
is greater than 4.5 multiples of the median (MOM), 
there is an increase in perinatal mortality, especially 
when it is a monochorionic diamniotic gestation.47

Screening for trisomy by nuchal translucency (NT) 
is performed in twins in a similar manner as performed 
in singletons. The detection rates are similar, but the 
false-positive rates in normal monochorionic twins are 
higher, at 8%.62 NT, combined with serum human 

TW B
MAT LT

*

A B

C D

FIGURE 32-4. Placental findings to determine chorionicity. A, Dichorionic gestation. Transverse view of twins at 12 
weeks’ gestation shows two separate placentas, one anterior and one posterior. B, Dichorionic gestation. Sagittal view of twins at 14 
weeks’ gestation shows two “fused” posterior placentas, with a “twin peak” sign (arrow). C, Dichorionic gestation. 3-D image shows the 
“twin peak” sign with placental tissue extending into the potential space between the two layers of chorion (*), and a thick membrane 
(arrow). D, Monochorionic diamniotic gestation. Transverse view of twins at 22 weeks shows a thin membrane perpendicular to a single 
posterior placenta, forming the “T” sign (arrow).
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centesis of both sacs is also often performed in monozy-
gotic twins because even though they are “identical,” 
they can have varied karyotypes, including mosaicism 
and small-scale mutations.73

Growth Restriction and  
Discordant Growth

Abnormal fetal growth is defined in two ways: (1) the 
estimated fetal weight is below the 10th centile on a 

does not increase the risk of pregnancy loss caused by 
reduction.69

When performing amniocentesis, indigo carmine or 
Evan’s blue dye is often instilled into one sac after 
removal of fluid, to ensure that the second sample is 
obtained from the correct sac. Methylene blue is not 
used in pregnancy due to risks of fetal hemolytic anemia, 
intestinal atresia, and fetal demise.70-72 Amniocentesis of 
both sacs is performed in dichorionic twins because the 
majority of these are chromosomally different. Amnio-

1

A B

2

A B

FIGURE 32-5. Monoamniotic twins at 16 weeks’ gestation. A, Transverse view shows a single anterior placenta with the 
cord insertion sites (1, 2) of the twins in proximity to each other. B, Color Doppler image shows the cord of the fetus on the right (A) 
wrapped around the fetus on the left (B), confirming that the twins are in the same sac and are monoamniotic.

A B

FIGURE 32-6. Vanishing twin. A, Dichorionic diamniotic gestation with first-trimester demise of one twin. Scan at 17 weeks’ 
gestation shows the live fetus and an empty sac anterior to the fetal head. There has been resorption of the embryonic tissue, although a 
small sac from demised twin remains. B, In a different gestation after demise of co-twin, note the small compressed twin (arrow) against 
the wall of the uterus.
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Doppler waveforms, fetal biometry (especially abdom-
inal circumference), and estimated fetal weight are all 
helpful in assessing for discordance in the second and 
third trimesters.

Premature Delivery

The risk of preterm delivery is higher for multiple preg-
nancies compared to singletons.79 There is an inverse 
relationship between the number of fetuses and the ges-
tational age at delivery.3 The rate of premature delivery 
is increased up to five times in twins and nine times  
in triplets compared to singleton gestations.80 Preterm 
delivery accounts for much of the increase in morbidity 
and mortality in multiple gestations.40

Cervical Incompetence

Cervical length on transvaginal scan in the middle of 
the second trimester is inversely related to risk of 
preterm delivery81 (Fig. 32-8). Women with twins or 
higher-order multiple gestations are more likely to have 
a shorter cervix than women with singleton preg-
nancy.82 One study of twins found that a cervical 
length of 2.5 cm or less at 24 weeks was the most 
powerful predictor of preterm delivery.83 Another study 
using 2.0 cm as the cutoff for cervical length found a 
NPV of 99%, 98%, 95%, and 93% for delivery at 
<28, <30, <32, and <34 weeks’ gestation, respectively.84 
Prophylactic cerclage in patients with twins has not 

singleton curve; or (2) there is a 20% or more discor-
dance in estimated weight between twins.

Birth weight discordance complicates more than 
15% of twin pregnancies.74 There is a higher rate of 
IUGR in twins compared to singletons, probably caused 
by uteroplacental insufficiency resulting from increased 
metabolic demand or an abnormality involving placental 
implantation. Triplets are even more likely to have  
discordant growth compared to twins.75 The neonatal 
mortality rate increases with increasing growth discor-
dancy. In a large twin study, with no discordance the 
mortality rate was 3.8:1000 live births; with 15% to 
19% discordance, 5.6:1000 live births; with 20%  
to 24% discordance, 8.4:1000 live births; with 25% to 
30% discordance, 18.4:1000 live births; and with 30% 
or more discordance, 43.4:1000 live births. In this series, 
fetal weight of less than 10th percentile was more 
common in discordant twins (60%) compared to non-
discordant twins (5%).76

Growth discordance can be detected as early as the 
first trimester. A difference of 3 mm or less in mean sac 
diameter or crown-rump length (CRL) between twin 
gestations has up to a 50% embryo loss rate, much 
greater than when the difference is 1 mm or less. A 
recent study found 45% discordance at birth when first-
trimester CRL was greater than 3 days discrepant, versus 
9% discordance at birth with CRL 3 days discrepant or 
earlier. Discordance seen in the first trimester increases 
the risk of congenital anomalies77 and IUGR later in 
gestation.78

A B

FIGURE 32-7. Anencephaly. One fetus of a twin gestation at 19 weeks. A, Sonogram. B, T2-weighted MR image. Arrowhead shows 
the dividing membrane. Arrow indicates anencephalic twin. Structural anomalies are more common in twins than in singletons, especially 
anomalies of the central nervous system.
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flow. The normal S/D ratio in the third trimester ranges 
from 1.7 to 2.4. When obtaining Doppler waveforms, it 
is important to sample at a free-floating loop of cord; 
falsely elevated ratios can be obtained if sampling is from 
the fetal end at the cord insertion site.98

An elevated S/D ratio is associated with increase  
in morbidity and mortality in twins.99 Differences in 
S/D ratios of twin pairs are predictive of discordant 
growth100,101 (Fig. 32-9). An elevated S/D ratio occurs 
when approximately 30% of the fetal villous vasculature 
is abnormal. When this increases to 60% to 70% abnor-
mal vessels, there is absent or reversed flow.102,103

COMPLICATIONS

Monochorionic Twins

Complications unique to monochorionic twins are 
caused by the single shared placenta. Vascular commu-
nications are almost always found in monochorionic 
gestations. The communication can be arterial-arterial, 
venous-venous, or arterial-venous. The arterial-arterial 
and venous-venous connections are end-to-end anasto-
moses that occur at the placental surface. Arterial-arterial 
communications are much more common than venous-
venous communications.104 In contrast, the arterial-
venous anastomosis, which has a feeding artery, enters 
the placenta to the capillary bed of a cotyledon, where 
it drains into the venous system of the other twin. 
Depending on the imbalances in the types of communi-
cations, various complications can arise.

been shown to be effective in preventing preterm 
delivery.85-87

Placental Abnormalities: Marginal 
and Velamentous Insertion

When the umbilical cord, instead of inserting directly 
into the placenta, inserts into the membrane with blood 
vessels traversing to the placenta, it is termed velamen-
tous insertion.88 An umbilical cord that inserts at the 
periphery of the placenta, rather than centrally, is referred 
to as marginal insertion. Abnormal insertion sites of the 
cord into the placenta are associated with increased peri-
natal morbidity and mortality89,90 and are more common 
in multiple gestations than singletons.47,91 Up to one 
third of monoamniotic pregnancies have either a mar-
ginal or a velamentous insertion.92 Velamentous and 
marginal cord insertion sites are associated with IUGR 
and growth discordance, twin-twin transfusion syn-
drome (TTTS), and preterm labor.93-96

Umbilical Cord Doppler Ultrasound

Doppler sonography is helpful in assessing the well being 
of a fetus, and can help in the assessment of intrauterine 
IUGR, TTTS, and discordant growth of twins. The 
systolic-to-diastolic (S/D) ratio is often used to assess 
level of resistance of blood flow in the umbilical artery. 
As the pregnancy progresses, there is a decrease in the 
peripheral resistance of blood flow because of an increase 
in arterioles in the placenta.97 Thus, normally the S/D 
ratio decreases after 20 weeks’ gestation. The low-resis-
tive system results from the presence of end diastolic 

A
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FIGURE 32-8. Transvaginal imaging of the cervix. A, Short cervix (calipers) measuring 1.8 cm. Transvaginal scan of cervix 
in a twin pregnancy at 19 weeks. B, Funneling with closed cervical length of 1.0 cm (calipers). Transvaginal scan of the cervix in a differ-
ent patient with twins at 30 weeks’ gestation.
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weight discrepancy of the fetuses (difference >20%) and 
polyhydramnios in the larger twin and oligohydramnios 
in the smaller twin. When TTTS is severe, it may be 
difficult to see the membrane around the donor twin due 
to severe oligohydramnios. The membrane appears 
“stuck” to the fetus, and the fetus has limited motion, 
being adherent to the uterine wall. In severe cases the 
donor twin may not have fluid visible in the stomach or 
bladder. In contrast, the recipient, who has polyhydram-
nios, may have a large bladder (Fig. 32-10; Videos 32-6 
and 32-7).

Other disorders that should be considered when there 
is discordance in the amount of amniotic fluid around 
twins, or discrepancy in twin size, are placental insuf-
ficiency, umbilical cord abnormalities, intrauterine 
infection, congenital anomaly (e.g., renal agenesis in 
one twin), and premature rupture of membranes (Fig. 
32-11).

Quintero et al.112 proposed a staging system to help 
determine severity and predict outcome. The overall 
perinatal survival rate for TTTS is 65%; however, it is 
higher for stage I-II at 76% and lower for higher stages 
at 52% (Table 32-2).

Options for treatment of TTTS include serial amnio-
reduction, laser photocoagulation of communicating 
vessels, septostomy, and termination.113-116 One study of 
173 cases of TTTS, in which 78 were treated with 
amnio reduction and 95 with laser therapy, reported at 
least one surviving infant in 67% of cases with amnio-
reduction and in 83% with laser therapy. The neurologic 
morbidity was lower with laser, 4% versus 24% with 

Twin-Twin Transfusion Syndrome

Twin-twin transfusion syndrome occurs in up to 15% 
of monochorionic twins.105 One hypothesis on the etiol-
ogy of TTTS is an imbalance in the formation of the 
arterial and venous connections of both fetuses with a 
single placenta.106 The presence of one-way arterial-
venous connections, without the presence of other con-
nections that can compensate for this unidirectional 
flow, can cause TTTS.107-110 One study examining pla-
centas found that those from pregnancies with TTTS 
had significantly fewer anastomoses than those without 
TTTS, although in those with TTTS the anastomoses 
present were more likely to be deep rather than superfi-
cial (80% vs. 36% in control).107 The superficial anasto-
moses, especially arterial-arterial, are believed to be 
protective against TTTS, decreasing its incidence by 
ninefold.109 Another study of monochorionic twins 
found TTTS in 58% pregnancies with no arterial- 
arterial anastomoses, compared to 5% when arterial-
arterial anastomoses were present.111 In pregnancies 
where TTTS develops despite the presence of arterial-
arterial anastomoses, there is improved outcome.109

In TTTS, one twin is referred to as the “donor” and 
the other the “recipient.” The donor has blood shunted 
away from it, thus causing anemia, hypovolemia, IUGR, 
and oligohydramnios. The recipient of this excess blood 
is the larger twin, with hypervolemia, cardiac overload, 
polyhydramnios and possibly hydrops.

The criteria to diagnose TTTS include documenta-
tion of a monochorionic gestation, with significant 
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FIGURE 32-9. Umbilical artery Doppler in twins at 28 weeks’ gestation. A, Normal arterial waveforms. Doppler 
image of one twin shows normal arterial waveforms with normal S/D ratio and presence of diastolic flow. B, Elevated S/D ratio with 
absent end diastolic flow. Doppler image of the other twin. Biometry (not shown) revealed this fetus to be in the 3rd percentile for weight. 
Note that the spectral Doppler scale is too low, cutting off peak systole of the waveform. C, Absent diastolic flow on Doppler ultrasound 
of a twin at 23 weeks’ gestation by dates and 19 weeks’ gestation by ultrasound.
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anastomoses to the live twin.120 The more accepted 
current theory proposes that the injuries are not caused 
by emboli, but by changes in perfusion with blood loss 
from the survivor to the more relaxed circulation of the 
dead twin. This hypoperfusion can affect many organs, 
especially those that typically are well perfused.121 The 
result is structural defects resulting from ischemia.

The brain is extremely susceptible to the effects of 
twin embolization syndrome122 (Fig. 32-12). The gastro-
intestinal tract can also be affected, with splenic and 
hepatic infarcts, as well as atresias of the small bowel, 
colon, and appendix. Other anomalies include renal cor-
tical necrosis, pulmonary infarctions, limb anomalies, 
and aplasia cutis.123

amnioreduction.112 Other studies report survival rates 
with amnioreduction of 60% to 65%,117 and for laser 
therapy, 70%, with at least one fetus surviving in 81%.118 
Another study performing septostomy in a small group 
of patients with TTTS reported 83% survival.115

Twin Embolization Syndrome

Demise of one twin in a monochorionic pregnancy 
occurs in up to 20% of cases, the majority occurring in 
the first trimester.119 A major complication of TTTS 
with the death of one twin is twin embolization syn-
drome. One theory for this occurrence is that thrombo-
plastin-rich blood from the dead twin travels via placental 

B

A

A B

C D

FIGURE 32-10. Twin-twin transfusion syndrome. A, Twins at 18 weeks’ gestation. Note the discrepancy in abdominal size 
of the fetuses, with fetus B being smaller than fetus A. A separating membrane is seen (arrow), with the membrane close to fetus B due 
to oligohydramnios. A stomach bubble was not seen in this fetus. B and C, Different twin gestation at 17 weeks. B, “Recipient” twin 
shows polyhydramnios and a distended bladder. C, “Donor” twin had oligohydramnios and no visible fluid in the bladder. D, Severe 
polyhydramnios of a recipient twin with the donor twin “stuck” anteriorly in a different case of twins at 21 weeks’ gestation.
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for earlier recognition of brain abnormalities, before they 
become apparent on ultrasound.125

Twin Reversed Arterial  
Perfusion Sequence

The syndrome known as the twin reversed arterial perfu-
sion (TRAP) sequence is rare, affecting 1 in 35,000 
births.126 The findings are that of a fetus that does not 
have a cardiac pump but that continues to grow. Thus, 
this is also referred to as an acardiac parabiotic twin. 
There must be at least one arterial-arterial and one 
venous-venous placental anastomosis. The physiology is 
that arterial blood flows in a retrograde fashion from one 
twin (known as the “pump” twin) to the affected “acar-
diac” twin.127 Thus, arterial flow in the acardiac twin is 

The prognosis for twin embolization syndrome is 
poor, with only 21% of the surviving twins being devel-
opmentally normal.124 The effects occur soon after the 
death of one twin, before any detectable abnormality on 
ultrasound. By the time the ultrasound shows an abnor-
mality, the damage is generally severe and irreversible. 
Fetal magnetic resonance imaging (MRI) can be helpful 

FIGURE 32-11. Stuck twin. A “stuck” twin does not neces-
sarily imply monochorionicity. This is a dichorionic 19-week 
gestation in which one twin is “stuck” because of renal agenesis. 
The membrane (arrow) is seen abutting the fetus, with no measur-
able fluid in that sac.

TABLE 32-2. QUINTERO STAGING OF 
TWIN-TWIN TRANSFUSION SYNDROME

STAGE FINDINGS

I Oligohydramnios in one sac, polyhydramnios in other 
sac

II Anuria of donor twin (not visualized fetal bladder)
III Abnormal Doppler waveforms
IV Hydrops
V Intrauterine death of a single fetus

A B

FIGURE 32-12. Twin embolization syndrome in live fetus after demise of monochorionic co-twin. A, Image 
through brain shows ventriculomegaly with abnormal, increased echogenicity of the surrounding parenchyma. B, Coronal T2-weighted 
MR image shows parenchymal atrophy and porencephaly. (Current theory: caused by hypoperfusion.)
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Monoamniotic Twins

Monoamniotic twins have the highest mortality of all 
twins.134 They are at risk for all the complications previ-
ously mentioned with twins. However, TTTS is infre-
quent in monoamniotic twins,110 presumably because 
of differences in the pattern of vascular anastomoses. 
Arterial-venous anastomoses are much less common and 
arterial-arterial anastomoses much more frequent in 
monoamniotic twins compared to monochorionic diam-
niotic twins.110 The presence of arterial-arterial anasto-
moses is thought to be protective against development 
of TTTS.108 Amniotic fluid is shared, so no oligohy-
dramnios-polyhydramnios combination can occur.

Cord Entanglement

The main factor contributing to the increased mortality 
in monoamniotic twins is cord entanglement. There is 
no intervening membrane between the fetuses, so the 
two umbilical cords can intertwine, constricting blood 
flow to one or both fetuses. Cord entanglement is visual-
ized on ultrasound in 34% to 42% of cases of monoam-
niotic twins135,136 (Fig. 32-14). This can be identified 
either by tracing out the route of the cord from each 
fetus or by widening the Doppler gate and showing dif-
ferent heart rates in entwined loops of cord. Intermittent 
compression of the cord can result in neurologic 
abnormalities.137,138

Conjoined Twin

A rare type of monoamniotic twin is a conjoined twin, 
accounting for 1:100,000 births.139 This type of twin-
ning results from incomplete division of the embryonic 
disc. There is a 3:1 female predominance.140 Conjoined 
twins are not associated with maternal age or parity and 
do not have a genetic predisposition.141 The diagnosis 
can be suspected as early as 7 weeks’ gestation.142 To 
confirm this diagnosis, the clinician must first ensure 
that the placentation is of a monoamniotic gestation. As 
the name implies, conjoined twins are connected at 
various parts of the body, and thus separate bodies or 
skin contours cannot be detected at the site of connec-
tion. In addition, as the twins are connected, there is no 
change in relationship of body positions.141,143 A single 
cord with more than three vessels can also confirm 
diagnosis.141

Conjoined twins are classified by whether fusion is 
dorsal (13%) or ventral (87%).143 The classification is 
further subdivided by location of fusion. Thoracopagus 
(ventral fusion at or near the sternum) is the most common 
type, followed by omphalopagus (ventral fusion from 
the xyphoid process to the umbilicus)144 (Fig. 32-15). In 
thoracopagus twins, the fetuses are continuously facing 
each other and may have hyperextension of the cervical 
spine. Other structural anomalies are also present, not 

reversed. The poorly oxygenated and nutrient-depleted 
blood, rather than going from the pump twin into the 
placenta, goes directly to the acardiac twin. It enters the 
umbilical arteries and preferentially perfuses the lower 
structures.

These acardiac fetuses are classified based on morphol-
ogy.128 Acardius acephalus is the most common type, 
with well-developed pelvis and lower limbs and no head, 
and no or rudimentary thoracic region and upper limbs. 
The least differentiated form is acardius amorphous, 
where there is a mass of tissue.

Two theories explain the etiology of TRAP sequence. 
The first, more accepted, theory is that a primary abnor-
mality of the vasculature exists, with secondary alteration 
of the cardiac development.127 The second theory is that 
a primary abnormality in cardiac embryogenesis causes 
secondary alterations in vasculature and flow patterns.129 
Thus, ultrasound will show either no heart or a poorly 
functioning heart in the acardiac twin.

The diagnosis should be considered on ultrasound 
when there is a monochorionic twin gestation, with a 
fetus that continues to grow despite lack of cardiac activ-
ity. Because the acardiac twin is perfused through the 
umbilical arteries, the lower extremities are more devel-
oped than the upper extremities or head. The diagnosis 
is certain when arterial flow is seen entering the umbilical 
artery of the anomalous acardiac fetus (Fig. 32-13). 
The pump twin may appear normal or may have poly-
hydramnios and signs of cardiac failure, including 
hydrops.

The perinatal mortality of the pump twin is 35% to 
55%.130,131 Three factors increase the mortality rate. 
First, continued growth of the acardiac twin can result 
in increase in intrauterine volume, resulting in preterm 
delivery. Second, the shunting of blood to the acardiac 
twin increases the demands on the pump twin. This 
shunting in turn may lead to heart failure and polyhy-
dramnios. Third, the blood that exits the acardiac twin 
is further deoxygenated and circulates back to the pump 
twin through a venous-venous anastomosis. This “double 
used” blood can cause hypoxia and IUGR as well as high 
output cardiac failure. The larger the ratio of weight of 
acardiac twin to weight of pump twin, the higher is the 
incidence of preterm delivery, polyhydramnios, and 
pump twin cardiac failure.131

Attempts to treat TRAP sequence with minimally 
invasive techniques include cord occlusion and intrafetal 
ablation, typically using laser coagulation. The latter is 
more successful in terms of lower rate of technical failure 
and preterm delivery and higher rate of clinical success 
(survival of pump twin).132,133 Unlike most cases of 
monochorionic twins, in which death of one twin 
increases the risk of twin embolization syndrome, in the 
case of TRAP sequence, because all the blood is already 
shared, there is no risk of changes in perfusion with 
blood loss from the survivor to the more relaxed circula-
tion of the dead twin.
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FIGURE 32-13. Twin reversed arterial per-
fusion (TRAP) sequence. A, First-trimester scan 
of a monochorionic diamniotic twin gestation shows 
one normal fetus (calipers) with cardiac activity and size 
equal dates. B, The other fetus (calipers) is size less than 
dates, with an abnormal appearance and no cardiac 
activity noted. C, Demised twin at 20 weeks. There is 
interval enlargement of the fetal tissue (calipers). Note 
the skin edema. D, Color Doppler, and E, spectral 
Doppler with ultrasound show arterial flow entering 
the acardiac twin from an umbilical artery.
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outcome. Selective reduction can also be performed in 
the setting of multiples when there is one anomalous 
fetus. When selective termination of a twin in a dicho-
rionic gestation is performed, the pregnancy loss rate is 
2.4% to 2.5%.146,147 This increases with an increasing 
number of fetuses. Elective reduction of triplets to twins 
increases the risk of miscarriage by 4%, but this is offset 
by decreasing the rate of preterm birth.148 Despite 
improved outcomes with reduction to twins, when com-

necessarily at the site of fusion, with cardiac abnormalities 
predominating145 (Fig. 32-16; Video 32-8).

SELECTIVE MULTIFETAL 
REDUCTION

Fetal reduction is performed when high-order multiple 
gestations are present, in hopes to improve pregnancy 

A

C

B

FIGURE 32-14. Cord entanglement in monoamniotic 
twins at 30 weeks’ gestation. A and B, Gray-scale and color 
Doppler sonograms show two umbilical cords wrapped around each 
other, diagnostic of a monoamniotic gestation. C, Spectral Doppler 
ultrasound shows two different arterial waveforms in one area of 
umbilical cord, confirming cord entanglement.



Chapter 32 ■ Multifetal Pregnancy  1161

If a patient has a higher-order multiple gestation  
and one of the multiples is a monochorionic twin,  
both twins should be reduced. If there is an anomalous 
fetus that threatens the well-being of a monochorionic 
co-twin, selective reduction can be performed by cord 
ligation.

paring reduced twins to nonreduced twins, the incidence 
of growth discordance and IUGR remains high.149 In 
one study the incidence of IUGR in nonreduced twins 
was 19.4%, versus 36.3% in triplets reduced to twins, 
41.6% in quadruplets reduced to twins, and 50% in 
higher multiples reduced to twins.150

A  Thoracopagus B  Omphalopagus C  Pyopagus

D  Ischiopagus E  Craniopagus

G  Cephalopagus H  Rachipagus

F  Parapagus

FIGURE 32-15. Classification of conjoined twins. A, Joined at or near sternal region. B, Joined from xyphoid to umbilicus. 
C, Joined dorsally at sacral and perineal regions. D, Joined in pelvic region; usually with separate spinal columns and varied number of legs 
(2-4). E, Joined at any part of the skull, usually ventral or parietal; otherwise separate. F, Lying side by side and joined at ventral and lateral 
regions (with 2-4 arms, 2-3 legs). G, Joined from vertex to umbilicus and usually have one face. H, Joined dorsally with fusion above sacrum.



1162  PART IV ■ Obstetric Sonography

conditions will allow the clinician to provide better care 
and counsel for these patients. In some pregnancies, early 
identification of a problem can improve outcome.
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CONCLUSION

With technical advances in gray-scale and three-
dimensional imaging, sonographic evaluation of the fetal 
face and neck has become a routine part of the second-
trimester fetal anatomic survey.1 Also, an increasing 
number of anomalies have become detectable in the first 
trimester. Abnormalities of the fetal face are particularly 
important because they may be markers for syndromes 
and chromosomal anomalies. This chapter reviews the 
embryology and normal development of the fetal face 
and neck and describes anomalies that can be detected 
sonographically.

EMBRYOLOGY AND 
DEVELOPMENT

Face

Fetal face development begins at approximately 4 weeks’ 
gestation and rapidly progresses, with the completion of 
major events by 8 weeks’ gestation (Fig. 33-1). In this 
complex process, ectoderm, mesoderm, endoderm, and 
neural crest cells all interact to develop the classic human 
facial features. Ectoderm surrounds the stomodeum 
(primitive mouth). The paired pharyngeal arches, or 
branchial arches, composed of central mesenchyme 
with outer ectoderm and inner endoderm coverings, 
progress to fuse in the midline. Neural crest cells give 

rise to connective tissues of the face (cartilage, bone, 
ligaments).

Five main tissue buds (called prominences) form the 
fetal face. The frontonasal prominence forms the fore-
head and dorsum apex of the nose. The lateral nasal 
prominences form the nasal ala. The medial nasal prom-
inences form the nasal septum. Maxillary prominences 
form the upper cheeks and most of the upper lip. Man-
dibular prominences form the lower cheeks, lower lip, 
and chin. The maxillary and mandibular processes are 
derived from the first branchial arch. The remaining 
branchial arches go on to form the oropharynx.

During the fourth week of gestation, the frontal 
prominence forms at the cephalic end of the embryo. 
The two nasal placodes are present on the frontal promi-
nence, and the optic discs are present posterolaterally.  
In the stomodeum, the buccopharyngeal membrane 
becomes fenestrated.

The fifth week brings development of nasal pits in the 
nasal placodes and differentiation of medial and lateral 
nasal prominences. The lens vesicles invaginate within 
the optic discs, and the caudal end of the medial  
nasal prominences begins to fuse with the maxillary 
prominences.

During the sixth week, six auricular hillocks (mes-
enchymal swellings) form and will become the pinna of 
the ears. Auricular pits may arise when these nodules  
do not fuse completely. Medial and lateral nasal  
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prominences fuse, and the maxillary prominences begin 
to form the upper jaw. The nasal septum forms as the 
medial nasal prominences join in the midline. The edges 
of the optic fissures fuse, and the hyaloid vessels are 
present in the center of the optic stalk. These vessels will 
eventually form the retinal artery and vein.

By the seventh week, the tip of the nose is visible in 
profile, and the pinna of the ears is taking shape. The 
central axis of the nose and philtrum are formed as fusion 
of the medial nasal prominences is completed. Eyelids 
become prominent.2-5 By the end of the eighth week, the 
developing eye is up to 2 mm in diameter.6

Neck

Development of the fetal neck is similarly complex,  
with extensive embryologic events contributing to devel-
opment of vascular, neurologic, musculoskeletal, lym-
phatic, and endocrine systems. The laryngotracheal 
groove forms during the fourth week of gestation along 
the floor of the primitive mouth. After evagination of 
this groove, the laryngotracheal diverticulum forms. The 
distal end forms the lung bud. The endoderm of this 
diverticulum forms the epithelium of the larynx and 
trachea. The endothelium of the larynx proliferates and 
temporarily occludes its lumen. Recanalization occurs  
by the tenth gestational week, with formation of the 
laryngeal ventricle, vocal folds, and vestibular folds. The 
fourth and sixth pharyngeal arches form the surrounding 
cartilage and muscles.2-4

At 4 to 6 weeks’ gestation, right and left jugular lymph 
sacs develop as diverticula of the subclavian veins. Lym-
phatic capillaries permeate the body and drain into these 
sacs. Abnormal connections between the lymphatic sacs 
and venous system are thought to contribute to lym-
phatic malformation and thickened nuchal translucency 
in the first trimester, as well as thickened nuchal fold in 
the second trimester.7

SONOGRAPHY OF THE NORMAL 
FETAL FACE

Sonographic evaluation of the fetal face is part of the 
routine anatomic survey in midpregnancy, but little is 
actually required. According to the American Institute 

of Ultrasound in Medicine 2007 practice guidelines, 
only visualization of the fetal upper lip is mandatory 
during an anatomic survey.1 Although not required, it is 
possible to obtain exquisite multiplanar two-, three-, and 
four-dimensional (2-D, 3-D, 4-D) views of the fetal face 
with state-of-the-art equipment.8 Profile and 3-D9 views 
are helpful, especially when a true coronal view cannot 
be obtained because of fetal position. Sagittal 3-D 
volumes of the fetal face can often be obtained in these 
situations, and the image can then be rotated to show 
the upper lip and palate clearly. Coronal and axial views 
of the fetal nose and lips are obligatory in screening for 
fetal cleft lip (Fig. 33-2, A and B).

The sagittal facial profile view is acquired whenever 
possible and should demonstrate the presence and 
normal configuration of the nasal bone, lips, chin, and 
forehead. Axial views of the orbits can be obtained to 
verify that both globes are present, of normal size, and 
at a normal distance apart (Fig. 33-2, C ). Axial images 
of the maxilla and alveolar ridge can be obtained to 
determine if a cleft primary palate is present (Fig. 33-2, 
D). The palate separates the nasal cavity from the oral 
cavity. The secondary palate is difficult to visualize on 
2-D sonography but may be evaluated with special 3-D 
sonographic views10-12 and is often readily visible on 
midline sagittal and coronal fetal magnetic resonance 
imaging (MRI; Fig. 33-2, H ).

Images of the fetal neck are obtained in sagittal, axial, 
and coronal planes to evaluate the cervical spine, airway, 
and to assess for masses (Fig. 33-3). The neck should 
also be evaluated for abnormal positioning, such as 
hyperextension, which can be present with anterior neck 
masses such as an enlarged thyroid or cervical teratoma. 
Thickening of the nuchal fold should be evaluated at the 
second-trimester survey and is measured in the suboc-
cipital bregmatic plane, where notable landmarks include 
the cavum septum pellucidum, cerebral peduncles, cer-
ebellar hemispheres, and cisterna magna.

ABNORMALITIES OF THE HEAD

Abnormal Size

The fetal head is typically oval in configuration, and in 
this case, measurements of biparietal diameter (BPD) 

FIGURE 33-1. Embryology of the face. Stages of development of the fetal face. Note the initial wide separation of the eyes, high 
wide separation of the nostrils (nasal placodes), and low position of the ears. (From Moore KL: Essentials of human embryology. Toronto, 
1988, BC Decker.)

A B
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FIGURE 33-2. Normal fetal face. A, Nose and lips. Coronal sonogram at 36 weeks’ gestation. B, Profile of the face of a 17-week 
fetus shows a normal nasal bone (long arrow), maxilla (short arrow), and mandible (arrowhead). C, Normal orbits in axial view (cursors: 
+, outer orbital distance; x, inner orbital distance). D, Normal maxilla. Axial view of anterior aspect of the maxilla in a 17-week fetus 
shows tooth buds in the alveolus (arrows) and tongue (T). E, Normal mandible. Axial view shows multiple tooth buds. F, 3-D sonogram 
of a normal 23-week fetus. G, 3-D sonogram of a normal 30-week fetus in F. H, Sagittal T2-weighted MR image of a normal fetal face 
at 27 weeks’ gestation shows normal midline structures, such as corpus callosum (thick arrow), cerebellar vermis (V), and secondary palate 
(thin arrow).

and head circumference will give similar estimates of 
gestational age. If sonographic head measurements are 
three standard deviations (3 SD) below the mean, micro-
cephaly is diagnosed.13 If the measurements are greater 
than 2 SD above the mean, macrocephaly is suggested.5 
Abnormalities of head size are important. Microcephaly 
may be associated with abnormalities of brain develop-
ment and often leads to poor neurologic outcome. Mac-
rocephaly may have a benign cause, such as a family 
history of a large head, or pathologic causes such as 
underlying brain maldevelopment or injury or rarely, a 

space-occupying lesion. If the fetal head is sufficiently 
large, cephalopelvic disproportion can occur at delivery, 
leading to failure of labor to progress and the need for 
cesarean delivery.

Abnormal Shape

Abnormal head shape takes many forms. An abnormally 
long and narrow (oblong) cranium is described as doli-
chocephaly and is more frequently seen in fetuses in 
breech position and in the setting of oligohydramnios. 
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An abnormally round head is termed brachycephaly, 
which may be caused by premature fusion of the coronal 
sutures. A lemon-shaped skull, with indentation of the 
frontal bones, is often seen in association with open 
neural tube defects and the Chiari II malformation  
of the hindbrain, but it may also be seen in normal 
fetuses14,15 (Fig. 33-4). A strawberry-shaped skull, pre-
senting as flattening of the occiput and narrowing of the 
bifrontal portion of the cranium, may be seen in associa-
tion with trisomy 18.16 A cloverleaf-shaped skull is seen 
with some dwarfs, especially thanatophoric dysplasia, 
and in some fetuses with craniosynostosis.

Craniosynostosis

Craniosynostosis describes a heterogeneous group of dis-
orders in which there is premature fusion of one or 
several of the cranial sutures. Although abnormal head 
shape may be diagnosed in utero, this diagnosis often 
does not become evident until after birth. It occurs in 
about 1 in 2500 births. Recent research suggests the 
pathophysiology of craniosynostosis is related to abnor-
mal molecular signaling by fibroblast growth factors 
(FGFs),17-19 leading to premature closure of cranial 
sutures (Fig. 33-5). About 85% of cases are isolated and 
about 15% syndromic. Craniosynostosis is associated 
with multiple syndromes, including Apert, Crouzon, 
Pfeiffer, Antley-Bixler, Beare-Stevenson, Fetter, and 
Carpenter, as well as thanatophoric dysplasia. The 
abnormal head shapes resulting from craniosynostosis 
can lead to facial abnormalities, including hypertelorism, 
hypotelorism, exorbitism, and midface hypoplasia. 

Dolichocephaly (oblong head) is the most common 
craniosynostosis condition and results from premature 
fusion of the sagittal suture. Asymmetrical heads are 
termed plagiocephalic.20

When fetal position is favorable, it is possible to trace 
the sutures sonographically and to evaluate their patency 
using high-frequency linear array probes.

FIGURE 33-3. Normal neck. A, Sagittal view. Cervical spine and the soft tissues of the posterior neck can be evaluated along with 
the degree of flexion or extension of the neck. B, Axial view shows thyroid (arrows). The carotids medially and the jugular veins laterally 
can be seen (open arrows) posterior to the thyroid. The trachea (T) is seen in the midline behind the isthmus and behind it a vertebral 
body with a small central developing ossification center (O). The spinal cord (C) is cradled within the vertebral arch.

A B

CLASSIFICATION OF SKULL 
DEFORMITIES BASED ON  

SUTURES INVOLVED

Dolichocephaly/scaphocephaly: sagittal suture; 
most common synostosis

Anterior plagiocephaly: 1 coronal suture
Posterior plagiocephaly: 1 lambdoid suture
Brachycephaly: bilateral coronal suture; second 

most common synostosis
Trigonocephaly: metopic suture
Oxycephaly/turricephaly: all skull sutures and 

sutures at base of skull
Cloverleaf (kleeblattschädel): all but squamous 

(squamosal) suture

Prenatal diagnosis can be difficult; fetuses can appear 
normal in midtrimester but show changes in late preg-
nancy, when normal physiologic molding can be a  
confounder. In at-risk cases, head shape changes have 
been seen as early as 12 weeks. The fused sutures can  
be detected as absence of the sonolucent space nor-
mally seen between skull bones. The loss of hypoechoic 
suture appearance lags shape changes by 4 to 16 weeks. 
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FIGURE 33-4. Variety of abnormal head shapes. A, Lemon-shaped skull in association with neural tube defect. Axial 
sonograms shows concave deformity of the frontal bone (straight arrows) as well as ventriculomegaly (curved arrows) at 22 weeks’ gestation. 
B, Brachycephaly and strawberry shape (pointing anteriorly, flat occiput) at 20 weeks in a fetus with trisomy 18. Cephalic index is 96% 
(normal, 80%); Occ, occiput; Ant, forehead. C, Craniosynostosis with cloverleaf skull. Note the trilobite shape seen with craniosynostosis 
of the coronal (arrowheads) and other sutures except the squamosal in this fetus with thanatophoric dysplasia; A, anterior; P, posterior. 
D, Metopic craniosynostosis. Axial sonogram of a 27-week fetus with a pointed anterior skull secondary to metopic synostosis. E, Frontal 
bossing in a fetus with hypochondroplasia. Also note a “saddle nose,” with the nasal bone meeting the frontal bone at an abnormal 90 
degrees. There is a small thorax and a protuberant abdomen. (A, B, and C courtesy Ants Toi, MD).
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FIGURE 33-5. Craniosynostoses with cloverleaf skull 
deformity. A, Coronal sonogram shows cloverleaf skull deformity 
at 37 weeks’ gestation secondary to combined coronal, lambdoidal, 
and squamous (squamosal) suture synostosis. B and C, Sagittal and 
axial MR images show turribrachycephaly (multiple suture closures 
allow only growth superiorly; “tower head”).

Three-dimensional multiplanar and surface rendering 
are helpful. Associated anomalies can allow differentia-
tion between types.21-23

Additional problems can arise from the cranial defor-
mity, including intracranial hypertension, obstructive 
apnea, proptosis, visual loss, dental malocclusion, and 
intellectual impairment. Learning disorders have been 
observed in 47% of school-age children.22

Fetuses prenatally suspected to have craniosynostosis 
should undergo detailed neurologic and anatomic sonog-
raphy. MRI may be helpful. Postnatally, computed 
tomography (CT) surface rendering helps confirm the 
diagnosis and is needed for surgical treatment planning. 
Family history and molecular analysis for FGFR and 

TWIST mutations can help. Multidisciplinary counsel-
ing, including craniofacial and neurosurgical specialists, 
is important because therapy can involve molding 
helmets and surgery.22,24,25

Wormian Bones

Wormian bones are ossicles located in the sutures  
or fontanelles and may be associated with multiple  
conditions, such as pyknodysostosis, osteogenesis 
imperfecta, cleidocranial dysplasia, hypothyroidism, 
and trisomy 21. Three-dimensional views are parti-
cularly useful in the assessment of wormian bones  
(Fig. 33-6).
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Forehead Abnormalities

The forehead is best evaluated in the sagittal profile view, 
where the angle between the frontal and nasal bone can 
be assessed. Frontal bossing is abnormal prominence of 
the frontal bones and is a rare finding on fetal sonogra-
phy. However, it has been reported in a variety of bony 
dysplasias and syndromes, including achondroplasia and 
thanatophoric dysplasia, and in syndromes with associ-
ated craniosynostosis.

Wolf-Hirschhorn (4p−) syndrome has an abnor-
mally sloped forehead, the “Greek warrior facies” (Fig. 
33-7). The forehead can also be sloped in the settings of 
microcephaly and encephalocele, in which the fore-
brain is underdeveloped (Fig. 33-8).

Encephaloceles

An encephalocele or cephalocele is an abnormal protru-
sion of the brain and/or meninges through a defect in 
the skull and is considered a form of spinal dysraphism. 
In the United States and Western Europe, the occiput 
is the most common location for encephaloceles. Fron-
toethmoidal encephaloceles are more often found in 
Southeast Asia. Many encephaloceles are diagnosed at 
fetal sonography, where they present as abnormal defects 
in the calvarium with herniation of brain tissue or 
meninges. Fetal MRI is excellent for evaluating contents 
of the encephalocele and in assessing the appearance of 
the intracranial brain parenchyma. Frontal encephalo-
celes can present during sonographic evaluation of the 
fetal face and are often associated with hypertelorism and 
midline facial clefting26 (see Chapter 34).

ORBIT ABNORMALITIES

Sonographic evaluation of the fetal orbits is best obtained 
in axial or coronal views, where one can confirm the 
presence of both orbits, evaluating their sizes, shapes, 
and the distance between them. The sagittal view may 
help to evaluate abnormal anterior displacement of the 
globes (proptosis or exorbitism). The orbits should be 
symmetrical in size and the outer and inner interorbital 
distances within a normal range. Detailed nomograms 
are available for reference27,28 (Table 33-1).

Hypotelorism

Hypotelorism is defined as an abnormally small distance 
between the orbits and is often associated with other 
anomalies29,30 (Fig. 33-9). In particular, alobar holo-
prosencephaly can be associated with cyclopia (single 
midline eye with failed development of nose with or 
without a proboscis; Fig. 33-10), ethmocephaly (hypo-
telorism with failed development of nose and a probos-
cis), or cebocephaly (hypotelorism and poorly developed 
nose with a single nostril).

FIGURE 33-6. Wormian bone. An extra ossification center 
(arrow) is identified between the frontal bones of a fetus with 
trisomy 18.

DIFFERENTIAL DIAGNOSIS OF 
WORMIAN BONES

Cleidocranial dysplasia
Congenital hypothyroidism
Hypophosphatasia
Osteogenesis imperfecta
Trisomy 21
Menkes’ kinky-hair syndrome
Progeria
Pyknodysostosis

DIFFERENTIAL DIAGNOSIS OF 
FRONTAL BOSSING

Achondroplasia
Acromegaly
Basal cell nevus
Cleidocranial dysostosis
Congenital syphilis
Crouzon syndrome
Fetal trimethadione
Pfeiffer syndrome
Russell-Silver syndrome
Thanatophoric dysplasia
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FIGURE 33-7. Sloped forehead in fetus with Wolf-Hirschhorn syndrome and cleft palate. A, Coronal 3-D, and 
B, sagittal MR, images show a broad, flat nasal bridge and forehead at 34 weeks’ gestation, the so-called “Greek warrior helmet” facies. 
Note sloped forehead (arrow in B) and absence of the secondary palate (arrowhead in B, showing nasopharynx communicating with 
oropharynx).

A B

Hypertelorism

Hypertelorism is defined as widely spaced eyes (Figs. 
33-11 and 33-12; see also Fig. 33-17, E and F). Given 
the embryologic development of the eyes and their 
migration from a lateral position to midline, hyper-
telorism may result from abnormalities that interfere 
with this normal migration. Large orbits can result in 
abnormal orbital measurements; tables provide normal 
diameter of the globes.31

Microphthalmia and Anophthalmia

Abnormally small (microphthalmia) or absent (anoph-
thalmia) orbits are rarely diagnosed on fetal sonography, 
but, when present, are frequently associated with  
chromosomal abnormalities or syndromes32,33 (Fig. 
33-13). Fetal karyotype analysis should be considered 
and a careful search for additional fetal abnormalities 
undertaken.

CONDITIONS ASSOCIATED  
WITH HYPOTELORISM

Abnormalities of the brain
Holoprosencephaly
Microcephaly

Chromosomal abnormalities
Trisomies 13, 18, and 21
Chromosome 5p deletion

Head shape abnormalities
Trigonocephaly

Syndromes
Langer-Giedion syndrome
Oculodentodigital dysplasia
Nasal maxillary dysostosis (Binder syndrome)
Myotonic dystrophy
Meckel-Gruber syndrome
Williams syndrome

CONDITIONS ASSOCIATED  
WITH HYPERTELORISM

Chromosomal abnormalities
Trisomy 9p
45,XO

Single-gene disorders
Apert syndrome
Crouzon syndrome
Noonan syndrome

Developmental abnormalities
Craniosynostosis
Anterior encephalocele
Median facial cleft
Megalencephaly
Agenesis of the corpus callosum
Orbital teratoma
Cleft lip

Teratogens
Dilantin
Valproate
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Coloboma

Coloboma results from incomplete closure of the optic 
fissure and most often affects the iris inferiorly6 (Fig. 
33-14). However, it can affect any structure from the 
eyelid to the optic nerve or retina. Vision may or may not 
be affected, depending on the structures affected and the 
severity of the abnormality. Diagnosis in utero depends 
on visualization of a focal bulge in the posterior aspect of 
the globe. In cases where bones cause artifacts in this 
region and this assessment is crucial, 3-D ultrasound34 or 

MRI35 can be helpful. Coloboma is a rare diagnosis 
(0.26:1000)36 and may be associated with other anomalies 
and syndromes, such as CHARGE syndrome (coloboma, 
heart defects, choanal atresia, restriction of growth and 
development, genital and ear anomalies).

Dacryocystocele

Dacryocystoceles result from obstruction of the nasolac-
rimal ducts (Fig. 33-15). These present as cystic masses 
that may contain low-level internal echoes, located  

FIGURE 33-8. Sloped forehead in fetus with posterior encephalocele. A and B, 2-D and 3-D sonographic profiles 
of a 28-week fetus with microcephaly and a small posterior encephalocele. The sloping forehead (arrow) is caused by a lack of forebrain 
development. C, Axial sonogram shows high occipital defect (calipers) through which a small amount of dysplastic brain protrudes. 
D, Sagittal MR image shows microcephaly and the high occipital defect in the skull (arrow).

A

C

B

D



Chapter 33 ■ The Fetal Face and Neck  1175

FIGURE 33-9. Hypotelorism. A, Microtia and hypotelorism. Axial sonogram shows small orbits (arrowheads), close together in 
the face, and the protuberant maxilla (arrow). The fetus also had agnathia and low-set ears (see Figs. 33-16, A, and 33-25). B, Hypo-
telorism and abnormal nose (arrow) at 35 weeks’ gestation. Axial MR image of a 35-week fetus shows the relatively small intraorbital 
distance and an abnormal nose. The fetus was in deep vertex prone position, and the face could not be seen on fetal sonography before 
MRI. This fetus was diagnosed postnatally with a complex Tessier cleft.

A B

TABLE 33-1. NORMAL ORBITAL DIAMETERS IN THE FETUS

GESTATIONAL AGE 
(wk)

Inner Diameters (mm) Outer Diameters (mm)

5th %ile 50th %ile 95th %ile 5th %ile 50th %ile 95th %ile

13 4 7 10 12 16 20
14 5 8 11 14 18 22
15 5 8 11 17 21 25
16 6 9 12 19 23 27
17 7 10 13 21 25 29
18 8 11 14 24 27 31
19 8 11 14 26 30 34
20 9 12 15 28 32 36
21 10 13 16 30 34 38
22 10 13 16 32 36 40
23 11 14 17 33 37 41
24 12 14 17 35 39 43
25 12 15 18 37 41 45
26 13 16 19 39 43 47
27 13 16 19 40 44 48
28 14 17 20 42 46 50
29 14 17 20 43 47 51
30 15 18 21 45 49 52
31 15 18 21 46 50 54
32 16 19 22 47 51 55
33 17 20 23 48 52 56
34 17 20 23 49 53 57
35 18 21 24 50 54 58

Table generated from raw data using two separate quadratic regression models:

Outer diameter Age 0.03 Age= − + ( ) − ( )2 17 3 36 2. .

R 2 0 96 0 001= <. , .p

Inner Diameter Age 0.007 Age= − + ( ) − ( )4 14 0 94 2. .

R 2 0 84 0 001= <. ; .p

From Trout T, Budorick NE, Pretorius DH, McGahan JP. Significance of orbital measurements in the fetus. J Ultrasound Med 1994;13:937-943.
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FIGURE 33-11. Hypertelorism in fetus at 25 weeks with bilateral cleft lip and palate. A, Axial sonogram shows 
hypertelorism (cursors: +, outer orbital diameter; x, inner orbital diameter). B, Coronal MR image shows hypertelorism and bilaterally 
absent palatal shelves. Note the absent secondary palate above the tongue (T) with communication of the amniotic fluid between the 
oropharynx and nasopharynx.

A B

FIGURE 33-10. Cyclops and proboscis at 18 weeks’ gestation. A, Transverse scan through the orbit shows fused, 
dumbbell-shaped globe (arrow) and small supraorbital nubbin of tissue, the proboscis (open arrow). Only the outer orbital bony margin 
is present, and the medial bony walls are absent. B, Cyclops with fused globes, supraorbital proboscis, and absent nose. (Courtesy Margot 
Van Allan, MD, Hospital for Sick Children, Toronto.)

A B



FIGURE 33-12. Hypertelorism with exorbitism in fetus with Pfeiffer syndrome. A, Axial sonogram demonstrates 
hypertelorism (cursors: +, outer orbital diameter; x, inner orbital diameter) at 22 weeks’ gestation. The outer orbital diameter was consistent 
with 25 weeks and 3 days (3 weeks greater than age by dates). B and C, Axial and coronal sonograms show abnormally protuberant globe 
(exorbitism, arrow). D, Coronal MR image shows hypertelorism and bilateral cleft palate. Note the communication of the oropharynx 
with the nasopharynx, caused by defect in the palate above the tongue (T).
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FIGURE 33-13. Microphthalmia/anophthalmia at 34 weeks’ gestation. A, Axial sonogram, and B, coronal MR image, 
show right anophthalmia (arrowhead) and left microphthalmia (arrow).

A B
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ASSOCIATIONS WITH 
MICROPHTHALMOS

Single-gene disorders
Walker-Warburg syndrome
Fraser (cryptophthalmos) syndrome
Meckel Gruber syndrome

Chromosomal abnormalities
Trisomy 13
Trisomy 18

Drugs/irradiation
Ionizing radiation (4-11 weeks)
Ethanol
Thalidomide
Isotretinoin (retinoic acid)

Maternal disease
Diabetes
Cytomegalovirus
Rubella
Toxoplasmosis

Other
Encephalocele
Orbital tumors
CHARGE syndrome
VATER association

CHARGE, Coloboma, heart defects, choanal atresia, 
growth/development restriction, genital/ear anomalies; 
VATER, vertebral defect, imperforate anus, 
tracheoesophageal fistula, radial and renal dysplasia.

inferomedial to the orbit in the expected location of the 
nasolacrimal duct. There is usually no mass effect on the 
globe, and there is no increased vascular flow in or 
around these masses. Diagnosis is usually made after 30 
weeks’ gestation; the nasolacrimal ducts do not complete 
canalization until the third trimester.37 The characteristic 
appearance and location of dacryocystoceles should 
allow differentiation from other facial masses, such as 
teratomas (often solid or mixed cystic and solid, and 
may contain calcifications) or hemangiomas (solid, 
echogenic sonographic appearance, with increased vas-
cular flow). The natural history of dacryocystoceles is 
variable, with some resolving in utero, or postnatally 
with conservative measures such as massage and applica-
tion of warm compresses, and others requiring probing 
or surgical intervention after birth.38

Congenital Cataracts

Congenital cataracts may be diagnosed on prenatal 
sonography, which will show a rounded echogenic mass 
in the anterior portion of the globe. Causes of congenital 
cataracts include genetic disorders, infection, syndromes, 
and microphthalmia.5 Some cases are inherited by either 
autosomal dominant or autosomal recessive transmis-
sion. This is a rare disorder, with a reported incidence 
of approximately 3:10,000 births.39

EAR ABNORMALITIES

Abnormalities of the ears can be very difficult to diagnose 
on fetal sonography, but low-set ears are associated with 
multiple syndromes, including Noonan syndrome and 
certain trisomies. Low-set ears are described as the helix 
joining the cranium at a level below a horizontal plane 
through the inner canthi of the eyes. Ear anomalies may 
be more easily detected on 3-D sonography than on 2-D 
studies40 (Fig. 33-16).

Microtia, or small ears, is a rare anomaly with an 
incidence of approximately 1:10,000 live births41 and is 
often associated with syndromes and aneuploidy. Of 96 
aneuploid fetuses, Yeo et al.42 reported that 66% had 
small (<10th percentile) ears on sonography.

Otocephaly is a condition with union of the ears on 
the front of the neck and is caused by failure of ascent 
of the auricles during embryologic development. This is 
generally a fatal anomaly, often associated with agnathia 
or micrognathia, as well as holoprosencephaly. The most 
severe form of otocephaly may be associated with absence 
of the eyes, forebrain, and mouth.

MIDFACE ABNORMALITIES

Hypoplasia

The midface is the area between the upper lip and fore-
head. Midface hypoplasia can arise from a variety of 
causes, including syndromes such as Apert, Crouzon, 
Treacher Collins,43 Wolf-Hirschhorn,44 Pfeiffer (see 
Fig. 33-11), Turner, and trisomy 21. Midface hypopla-
sia may also result from facial clefts, craniosynostosis, and 

DIFFERENTIAL DIAGNOSIS OF 
CONGENITAL CATARACTS

Arthrogryposis
Chondrodysplasia punctata
Congenital aniridia
Congenital ichthyosis
Chromosomal abnormalities (21, 18, 13)
C6PD deficiency
Homocystinuria
Hypochondroplasia
Microphthalmia
Infection

Rubella
Toxoplasmosis

Syndromes
Marfan
Neu-Laxova
Smith-Lemli-Opitz
Walker-Warburg

X-linked cataract (Hutterite)

G6PD, Glucose-6-phosphate dehydrogenase.
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FIGURE 33-14. Coloboma and microtia in fetus 
with holoprosencephaly. A, Axial sonogram of orbits 
shows an abnormally small right globe (arrowhead) and a fluid-
filled outpouching from the posterior aspect of the left globe 
(arrow), consistent with a coloboma. B, Oblique axial image of the 
left globe shows the coloboma. C, Axial MR image of the globes 
demonstrates bilateral colobomas (arrows) and right microtia. 
Note also the brain abnormality with a monoventricle, in the 
holoprosencephaly spectrum.

skeletal dysplasias. Midface hypoplasia is best demon-
strated on sagittal midline views of the face, where one 
can see abnormal concavity of the midface, between the 
lower margin of the orbits and the upper jaw (Fig. 33-17).

Absent Nasal Bone

Hypoplastic or absent nasal bone is seen with increased 
incidence in fetuses with trisomy 21 and can be evalu-
ated sonographically in the first trimester as part of early 
risk assessment. The fetal nasal bone is best evaluated in 
a midsagittal plane at sonography (Fig. 33-18). Some 

have found that combining data regarding the presence 
or absence of the fetal nasal bone with nuchal translu-
cency measurements improves the accuracy of detection 
of trisomy 21 at first-trimester screening.45 Cicero’s initial 
study on evaluation of the nasal bone in first-trimester 
examinations found that 73% of fetuses with trisomy 21 
had an absent nasal bone.45 Other studies have reported 
absent nasal bone in 50% to 67% of fetuses with trisomy 
21.46,47 The absence of a nasal bone at second-trimester 
sonography, or abnormally short nasal bone measure-
ments in combination with other markers of aneuploidy, 
increases detection of aneuploidy.48,49
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FIGURE 33-15. Dacryocystocele at 35 weeks’ gestation. A, 
Axial sonogram shows fluid collections anteromedial to each orbit, consistent 
with bilateral dacryocystoceles (arrows). B and C, Axial and sagittal MR images 
of a different 35-week fetus with a right dacryocystocele (arrow).

FIGURE 33-16. Low-set ears. A, Oblique view of the head of a 19-week fetus with low-set ear (arrow). The fetus also had hypo-
telorism and agnathia (see Figs. 33-9, A, and 33-25). B, Low-set ear (cursors) in a different fetus, at 20 weeks, who had Pierre-Robin 
sequence.

A B
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FIGURE 33-17. Midface hypoplasia. A, Midface hypoplasia in association with cleft lip and palate. Sagittal view of the face 
shows midface retrusion in a 34-week fetus with unilateral complete left cleft lip and palate. Note the absent palate above the tongue (T). 
B, C, and D, Midface hypoplasia in association with microphthalmia seen with sagittal ultrasound, 3-D ultrasound, and MRI, respectively. 
E and F, Midface hypoplasia in a fetus with hypertelorism (not shown). E, Sagittal sonogram, and F, MR image, show an abnormally 
shaped skull and midface hypoplasia. This is the same fetus as in Fig. 33-12.
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It is important to note, however, that accurate sono-
graphic evaluation of the fetal nasal bone can be techni-
cally challenging. There are specific guidelines for nasal 
bone imaging.50 Studies have shown that even experienced 
sonographers need to perform at least 80 supervised exam-
inations that conform to specified standards before they 
are proficient in sonographic nasal bone evaluation.51

Cleft Lip and Palate

Worldwide incidence of cleft lip, with or without cleft 
palate, is approximately 1 in 700 live births,52 with inci-
dence in Caucasians in approximately 1:1000 live births. 
The incidence of facial clefting is lower in the African-
American population (0.3:1000), higher among Asians 
(2:1000) and highest in Native Americans (3.6:1000 live 
births). It is more common in males than females.53 
These abnormalities usually result from failure of fusion 
of the medial nasal prominences and maxillary promi-
nences. Although facial clefts may occur as an isolated 
finding, they are present with increased frequency in 
chromosomal anomalies, including trisomies 13 and 
18, and in other structural anomalies, especially those 
involving the heart and central nervous system.54-56 
Reports vary, with aneuploidy rates between 5% and 
30% in association with facial clefts.57-59 Thus, identifica-
tion of a facial cleft should prompt a detailed and com-
plete evaluation of the fetus for additional anomalies. 
Some isolated facial clefts are familial, with the recur-
rence risk dependent on number of affected parents and 
siblings.60

Reported accuracy in the sonographic detection of 
fetal cleft lip/palate ranges from 16% to 93%.61-66 
Robinson et al.65 found that sonography performed after 

20 weeks’ gestation had a significantly higher detection 
rate for cleft lip than those studies performed before 20 
weeks, and they subsequently recommended that fetuses 
at high risk for cleft lip be evaluated after 20 weeks’ 
gestation. Using state-of-the-art equipment, high- 
frequency probes, and endovaginal sonography, detec-
tion is possible at earlier gestational ages. Some question 
the efficiency and utility of 3-D sonography in evaluat-
ing clefts,67 but many have found 3-D applications to be 
extremely helpful.8,68,69

Fetal facial clefts should be described as completely as 
possible, using standard craniofacial terminology and 
should include accurate description and classification of 
the cleft in relation to the lip, nostril, alveolus (maxillary 
tooth bearing arc), and secondary palate (Fig. 33-19). 
The secondary palate has an anterior, bony segment and 
a posterior, soft tissue segment. Both cleft lip and cleft 
palate may be unilateral or bilateral.

Information important to the surgeons for accurate 
parental counseling, postnatal repair planning, and prog-
nosis includes whether the cleft is unilateral or bilateral 
and complete or incomplete. A complete cleft lip is 
defined as a cleft that fully divides the lip and extends 
completely through the base of the ala of the nose and 
that usually is associated with a cleft of the underlying 
tooth-bearing alveolus as well. An incomplete cleft lip 
involves a portion of the lip, but at least a band of soft 
tissue spans the cleft. Incomplete cleft lip does not 
involve the ipsilateral underlying bony tooth-bearing 
alveolus (Fig. 33-20).

Associated sonographic signs of a cleft palate include 
an abnormally high position of the fetal tongue, hyper-
telorism, deviation of the vomer (a triangular bone 
in the nasal septum forming the posterior and inferior 
portion of the septum), and micrognathia.59,70,71 To 
describe the type of cleft, two embryonic structures are 
considered: (1) the primary palate, formed by the pro-
labium, premaxilla, and columella, which includes the 
lip, nares, and alveolus, and (2) the secondary palate, 

DIFFERENTIAL DIAGNOSIS OF CLEFT 
LIP AND PALATE

Teratogens
Diphenylhydantoin (phenytoin)
Valproic acid
Retinoic acid
Carbamazepine
Diazepam

Amniotic band syndrome
Holoprosencephaly
Ectodermal dysplasia
Frontonasal dysplasia
Robert syndrome
Miller syndrome
Trisomies 13, 18, and 21
Triploidy

FIGURE 33-18. Absent nasal bone. Profile of third-tri-
mester fetus with absent nasal bone.
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FIGURE 33-19. Patterns of clefting of lip and palate. A, Isolated complete cleft lip/palate. This involves the lip and nose 
and the primary palate. B, Bilateral cleft lip and palate. The medial part of the lip and alveolar ridge, the premaxilla, which usually pro-
trudes anteriorly, can be recognized as a mass below the nose. C and D, Bilateral cleft lip and palate. The lip clefting extends to involve 
one or both sides of the secondary hard palate in continuity. (Modified from Moore KL: Essentials of human embryology. Toronto, 1988, 
BC Decker.)
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Unilateral Cleft Lip/Palate

Unilateral clefts occur more often on the left side. In  
a unilateral cleft lip and palate, there is often an  
offset between the two sides of the cleft, which are described 
as the “greater segment” on the side opposite the cleft,  
and the “lesser segment” on the side of the cleft  
(Fig. 33-21).

Bilateral Cleft Lip/Palate

Only about 10% of facial clefts are bilateral. In bilateral 
cleft lip/palate, the midsagittal view will often show an 
abnormal premaxillary protrusion of soft tissue anterior 
to and above the normal position of the upper lip (Fig. 
33-22). Bilateral cleft lip/palate may be symmetrical or 
asymmetrical.

Median Cleft Lip/Palate

Median cleft lip is a classic finding in alobar holo-
prosencephaly. In these cases, head size is small for 

which begins at the incisive foramen and is formed  
by a horizontal portion of the maxilla, the horizontal 
portion of the palatine bones, and the soft palate.

Cleft palate may interfere with fetal swallowing and 
result in polyhydramnios. Infants with cleft palate have 
difficulty with feeding, are at increased risk of otitis 
media, and may have difficulty with hearing and speech.53

ASSOCIATED SIGNS OF CLEFT PALATE 
WITH CLEFT LIP

Axial/Coronal Views
Lips: cleft
Nares: flattened or deformed
Vomer: deviated away from side of cleft; often 

midline if bilateral cleft lip/palate
Maxilla: interrupted alveolus, wide gap
Orbits: hypertelorism

Sagittal Views
Profile: midface retrusion
Tongue: high position in oropharynx
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menstrual dates and there is hypotelorism.72 However, 
median cleft lip and palate can also be seen without 
holoprosencephaly. In these cases, head size and ocular 
diameters are normal.72

Unusual Facial (Tessier) Clefts

Asymmetrical clefts in unusual locations may be the result 
of amniotic band syndrome or may fall into the Tessier 
cleft category (see Fig. 33-20). Tessier clefts are rare, 
occurring in between 1 and 5 per 100,000 live births.73 
These clefts are classified by the relationship of the cleft 
to the mouth, nose, and eye sockets and are numbered 
from 1 to 14, with the midline designated as 0. Tessier 
clefts can involve either the soft tissues (e.g., hairline, 
eyebrows, eyelids, nostrils, lips, ears) or the skeleton.74

Isolated Cleft of Secondary Palate

Isolated clefts of the secondary palate are embryologically 
distinct from cleft lip/palate and are less common, occur-
ring in approximately 1 in 2500 live births.52 This abnor-
mality is infrequently identified on prenatal sonography 
because of shadowing from overlying bony structures. 
Sonographic diagnosis is based on secondary signs, such 
as abnormal oropharyngeal fluid flow with color Doppler 
imaging59 and high position of the tongue.62,64,75 Cleft 
soft palate without cleft lip is more strongly associated 
with syndromes and chromosomal anomalies than cleft 
palate in concert with cleft lip.64

Syndromes associated with clefts of the secondary 
palate (without cleft lip) include Goldenhar syndrome, 
Pierre-Robin sequence, Treacher Collins syndrome, 
Stickler syndrome, and velocardiofacial syndrome. 
Three-dimensional sonography is often helpful in assess-
ing the secondary palate, given a favorable fetal position, 
gestational age, and adequate amniotic fluid.10-12,76-79 
Sagittal fetal MRI is helpful in delineating the normal 
soft tissues of the palate and in accurately characterizing 
palatal clefting, even when isolated to the posterior sec-
ondary (soft) palate.70,71,80

LOWER FACE ABNORMALITIES

Macroglossia and Oral Masses

Macroglossia, an abnormally enlarged tongue, has a 
variety of etiologies and can, at times, be identified on 
fetal sonography, visualized as the tongue protruding 
outside the oral cavity, typically on sagittal or axial  
views (Fig. 33-23). Etiologies of macroglossia include 
Beckwith-Wiedemann syndrome, Trisomy 21, and vas-
cular malformations such as lymphatic malformation  
or hemangioma.81 If macroglossia is identified, a careful 
evaluation for the associated findings of Beckwith-
Wiedemann syndrome and for markers of trisomy 21 
should follow.

FIGURE 33-20. Classification of Tessier clefts. These 
clefts are classified by the relationship of the cleft to the mouth, 
nose, and eye sockets and are numbered from 1 to 14 with the 
midline designated as 0. Knowledge of these types of clefts is 
important for prenatal imaging, so that when unusual clefts are 
seen, they can be recognized as part of this spectrum. (Modified 
from Tessier P. Anatomical classification: facial, cranio-facial and 
latero-facial clefts. J Maxillofac Surg 1976;4:69-92.)

Soft tissue clefts of the face

Bony clefts of the face

14
15

12

3

0

1

2

11 10 9

8

3

1

5 6

0

4

2

3
7

7 7
8

14
15

12
11

10

9

8

1

2
1

2

54

63

30

7

7

CONDITIONS ASSOCIATED  
WITH MACROGLOSSIA

Beckwith-Wiedemann syndrome
Trisomy 21
Congenital hypothyroidism
Lymphangioma
Hemangioma
Inborn error of metabolism
Isolated autosomal dominant trait
Lingual thyroid
Neurofibroma
Epignathus
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FIGURE 33-21. Unilateral cleft lip and palate. A, Coronal 3-D sonogram of the fetal lip and nose shows a normal right 
nostril and lip, cleft left lip (arrow), and a downward-sloping left nostril at 29 weeks’ gestation. B, Coronal MR image shows complete 
left cleft lip, with deformation of left nostril (arrow). C, Axial MR image shows complete cleft left alveolus and lip (arrowheads indicate 
lateral margins of bony tooth-bearing alveolus), with greater segment on the right and lesser segment on the left. D, Axial MR image 
shows deviation of the tip of the bony nasal septum (vomer) away from the side of the cleft (arrow). E, Coronal MR image shows an 
intact right horizontal palatal shelf and absence of the left palatal shelf above the tongue (T). Note how a small amount of amniotic fluid 
in the oral cavity is helpful in making this determination. F, Sagittal MR image shows an abnormally high position of the tongue, in 
keeping with a complete left cleft lip and palate.
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FIGURE 33-22. Bilateral complete cleft lip and palate. A, Axial sonogram of 18-week fetus with bilateral complete cleft 
lip/palate shows bilateral clefts in the tooth-bearing alveolus of the maxilla, with two tooth buds (T) displaced anteriorly in the intermaxil-
lary segment. B, Sagittal sonogram shows protrusion of the intermaxillary segment of the maxilla (arrow). C and D, Coronal and sagittal 
MR images show bilateral cleft lip and the anteriorly displaced intermaxillary segment of the maxilla (arrow). E, In a different fetus at 22 
weeks with Pfeiffer syndrome, axial MR shows bilateral cleft palate with displaced intermaxillary segment of the maxilla (arrow) (see also 
Fig. 33-12). F, Postnatal 3-D CT reconstruction shows coronal craniosynostosis and the marked anterior position of the intermaxillary 
segment (arrow).
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FIGURE 33-23. Macroglossia. A, Macroglossia with Beckwith-Wiedemann syndrome at 33 weeks’ gestation. Note the enlarged 
tongue (arrow) protruding from the mouth (curved arrows, lips). B to F, Macroglossia in association with lymphatic malformation at 35 
weeks’ gestation. B and C, Coronal and sagittal sonograms show tongue protrusion (T) secondary to a lymphatic malformation involving 
both sides of the face and infiltrating the base of the tongue. D, Coronal sonogram shows the complex facial mass (cursors). E and F, Sagit-
tal and coronal MR images show macroglossia (T) and the lymphatic malformation (arrows) infiltrating the deep facial structures.
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FIGURE 33-24. Micrognathia with Pierre-Robin sequence. A, Sonographic, and B, MR, profiles of a 20-week fetus with 
Pierre-Robin sequence show severe micrognathia/retrognathia (arrow). At follow-up at age 5 (not shown), the child is tracheostomy 
dependent secondary to airway issues.

A B

Micrognathia and Retrognathia

Micrognathia is a small chin, and retrognathia (retrog-
nathism) is a posteriorly displaced chin. These are  
distinct abnormalities that frequently occur together. 
Pierre-Robin sequence is the term used to describe an 
abnormally small and often posteriorly displaced lower 
jaw with associated cleft soft palate (Fig. 33-24). This 
finding is associated with syndromes (e.g., Stickler, 
velocardio facial, Miller-Diecker, Beckwith-Wiedemann, 
Treacher Collins, Pfeiffer), chromosomal anomalies 
(typically trisomy 18 or 13), and skeletal dysplasias (e.g., 
diastrophic, spondyloepiphyseal, congenital, camptom-
elic). If the abnormality is severe enough to interfere with 
fetal swallowing in utero, polyhydramnios may result. 
Micrognathia can lead to substantial feeding difficulties 
and problems with airway management after birth.

Micrognathia is best seen on midsagittal views of the 
fetal face and is identified by subjective assessment by 
the sonologist. Although there have been attempts to 
standardize fetal jaw measurements82-84 to identify micro-
gnathia more objectively, there is no consensus on  
methodology. Three-dimensional sonography offers an 
additional method for the evaluation of micrognathia, 
because 2-D data can be manipulated to obtain a true 
sagittal view of the fetal face, which might otherwise not 
be possible.85 Many fetuses with micrognathia have addi-
tional abnormalities,86 so the physician should carefully 
search for associated anomalies, and fetal karyotyping is 
recommended.

Agnathia is total or partial absence of the lower jaw 
and is often associated with holoprosencephaly (Fig. 

33-25). Microstomia is a small mouth, often associated 
with agnathia and otocephaly.5

SOFT TISSUE TUMORS

Soft tissue or bony tumors can cause alterations in head 
size or shape. A relatively common soft tissue lesion 
involving the face is a hemangioma (Fig. 33-26). Vascu-
lar anomalies such as hemangiomas are the most common 
tumors of infancy, and most are medically insignificant. 
On fetal sonography, hemangiomas often present as 
echogenic, predominantly solid masses. These masses 
may contain detectable vascular channels with flow on 
Doppler ultrasound evaluation. Hemangiomas often 
increase in size during fetal life and can be infiltrative, 
affecting large areas. Classically, hemangiomas do not 
infiltrate bony structures. Hemangiomas can occur in any 
location and can involve the fetal face or neck. The adja-
cent skull may be thinner and may be associated with 
brain anomalies as in Sturge-Weber syndrome.87-90

NECK ABNORMALITIES

Nuchal Translucency  
and Thickening

The nuchal translucency (NT) is the fluid collection 
that forms posterior to the fetal neck during early 
development. Studies have shown that thickened-NT 
measurements in the first trimester are associated with 
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FIGURE 33-25. Agnathia microstomia. A, Sagittal sonogram, and B, MR image, show the absent mandible. This is the same 
fetus as in Figs. 33-9, A, and 33-16, A.

A B

fetal aneuploidy, cardiac defects, other major malfor-
mations, and adverse pregnancy outcome.91-95 In the 
second trimester, the nuchal fold thickness is mea-
sured in the suboccipital bregmatic plane. A measure-
ment of 6 mm or greater from 15 to 22 weeks is 
associated with an increased risk of trisomy 21.96,97 The 
measurement is taken in the midline from outer edge 
of the occipital bone to the outer edge of the skin (see 
Chapter 31).

Lymphatic Malformation  
(Cystic Hygroma)

Lymphatic malformation, known historically as cystic 
hygroma, is a septated fluid collection behind the fetal 
neck, thought to result from early maldevelopment of the 
lymphatic system. This abnormality is highly associated 
with Turner syndrome (XO), other chromosomal anom-
alies, and cardiac structural abnormalities. When associ-
ated with hydrops, fetal mortality is very high. As with an 
increased NT, if a lymphatic malformation is diagnosed 
and chromosomes are found to be normal, the fetus should 
still be carefully evaluated for cardiac abnormalities.

Lymphatic malformations can occur elsewhere in the 
head and neck and may be microcystic or macrocystic. 
They are presumed to result from obstructed lymphatic 
sacs that do not communicate with main lymphatic 
channels. Although benign, morbidity is associated with 
mass effect on the fetal airway when such masses arise in 
the face and neck (Fig. 33-27). In this setting, fetal MRI 
is often useful for evaluation of the fetal airway and for 
delivery planning. Fluid-filled lymphatic malformations, 
even when large, are much more malleable than solid 

teratomas of the head and neck and are less likely to 
compromise the airway. When these malformations 
involve the tongue, cystic hygromas may interfere with 
swallowing and feeding after birth.

Cervical Teratoma

Teratoma is the most common tumor in neonates, with 
the majority located at the sacrum and coccyx. Approxi-
mately 5% of teratomas arise in the neck or oropharynx. 
Cervical teratomas occur equally in males and females.98 
Sonographically, teratomas are usually complex masses 
composed of both cystic and solid elements and are often 
associated with regions of calcification. There is usually 
vascular flow within the solid portions of the mass.  
In the neck, they are usually anterolateral in location  
and can become quite large, often involving the thyroid 
gland. When they arise in the neck, teratomas may 
impinge on the airway, interfere with fetal swallowing, 
and result in polyhydramnios. Evaluation of the fetal 
airway is particularly important to delivery planning and 
is often best accomplished with fetal MRI (Fig. 33-28).

When teratomas arise in the neck, there can be hyper-
extension of the fetal neck, best seen in sagittal views. 
Teratomas of the oropharynx (epignathus) often pro-
trude from the mouth. Although most teratomas are 
histologically benign, prognosis depends on the degree 
of mass effect on the trachea and the ability to secure  
the infant’s airway at delivery. If there is substantial  
mass effect on the airway, the ex utero intrapartum 
treatment (EXIT) procedure may be necessary. This 
complex procedure requires a team of specialists for the 
mother and fetus and involves cesarean delivery, with 
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FIGURE 33-26. Hemangioma at 30 weeks’ gestation. A, Axial sonogram shows a large, lateral and posterior soft tissue 
scalp mass (arrows). B, High-frequency coned-down view illustrates the heterogeneous echogenicity of the mass. C, Power Doppler view 
demonstrates the vascularity of the mass. D, Oblique sonogram of the fetal chest and neck show a greatly enlarged superior vena cava 
(arrowheads). The heart was also enlarged, and the fetus was in heart failure from the volume of blood circulating through the scalp mass. 
E, Coronal prenatal, and F, postnatal, MR images show the left scalp mass (arrows).
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FIGURE 33-27. Cervical lymphatic malformation at 29 weeks’ gestation (cystic hygroma). A, Axial sonogram, 
and B, sagittal MR image, of a 29-week fetus with a septated cystic mass in the neck, consistent with a lymphatic malformation.

A B

preservation of the maternal-fetal circulation through the 
placenta until the neonatal airway can be secured.99-103

Thyromegaly and Goiter

Fetal goiter is rare (1 : 30,000-50,000 live births)104 and 
most often related to maternal thyroid disease, such as 
Graves’ disease or Hashimoto’s thyroiditis, with anti-
bodies that cross the placenta and lead to fetal thyroid 
dysfunction. Maternal use of thyroid blocking agents 
(e.g., propylthiouracil) may also result in fetal goiter. 
Primary fetal thyroid dysfunction may also cause goiter.

Fetal goiter presents as a midline homogeneous solid 
mass in the anterior neck surrounding the trachea (Fig. 
33-29). There may be increased blood flow to the goiter. 
When large, fetal goiters cause hyperextension of the 
neck, leading to interference with fetal swallowing and 
resultant polyhydramnios. Neck hyperextension can lead 
to fetal malpresentation and can cause difficulties at 
delivery. Cordocentesis may be necessary to determine if 
there is fetal hypothyroidism or hyperthyroidism. In the 
setting of fetal hypothyroidism, treatment with intra-
amniotic thyroid hormone will often lead to a decrease 
in size of the fetal goiter.105 Following treatment with 
intrauterine thyroxine, fetal goiter may decrease in size, 

and hyperextension of the fetal neck may resolve. In cases 
of fetal hyperthyroidism, it is important to evaluate for 
fetal tachycardia and high-output cardiac failure.

CONCLUSION

Prenatal sonographic evaluation of the fetal face and 
neck offers an opportunity to identify many abnormali-
ties. These observations are often essential to prenatal 
counseling and prognosis because of the association of 
many of these abnormalities with syndromes and chro-
mosomal anomalies. Appropriate diagnosis of abnor-
malities allows for planning of the appropriate mode of 
delivery and therapy when the fetal airway is potentially 
compromised.
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FIGURE 33-28. Cervical teratoma. A and B, 2-D 
and 3-D sagittal sonograms of a 20-week fetus with a 
complex solid and cystic neck mass, which was a cervical 
teratoma. C, Sagittal MR image of same fetus at 34 weeks’ 
gestation.
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FIGURE 33-29. Fetal goiter. A and B, 2-D and 
3-D images of neck hyperextension in fetus with goiter 
at 24 weeks’ gestation. C, Different fetus at 30 weeks’ 
gestation with goiter. Coronal sonogram shows bilat-
erally enlarged thyroid lobes (arrows) surrounding the 
normal midline trachea. D, Axial, and E, coronal, MR 
images show that the enlarged fetal thyroid gland 
(arrows) does not compromise the airway.
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Pathogenesis
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Dandy-Walker Malformation
Vermis Hypoplasia or Dysplasia
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Other Posterior Fossa Abnormalities
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Infections
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Hemorrhagic Lesions
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Tumors
CONCLUSION

Anomalies of the central nervous system (CNS) are 
the most common cause of referral for prenatal diagnosis 
and result in great anxiety for parents. CNS anomalies 
occur with a frequency of about 1.4 to 1.6 per 1000 live 
births but are seen in about 3% to 6% of stillbirths.1 The 
increased use of maternal serum alpha-fetoprotein (MS-
AFP) screening has resulted in increased numbers of 
pregnancies being referred for evaluation of the CNS and 
suspected anomalies. Fortunately, protocol-based ultra-
sound carefully performed by a knowledgeable and expe-
rienced examiner following established guidelines is very 
sensitive in evaluating the CNS.2-4 Routine scanning is 
currently recommended at 18 to 20 weeks of gestation. 
Although many cerebral anomalies are detectable in the 
first semester and early in the second trimester, others 
develop or only become apparent later in pregnancy.5

Magnetic resonance imaging (MRI) is increasingly 
used to supplement ultrasound evaluation. Currently, in 
vivo MRI has less spatial resolution but higher contrast 
resolution than ultrasound. MRI is multiplanar and can 
evaluate many tissue properties beyond morphology 
using techniques such as diffusion weighted imaging 
(DWI), diffusion tensor imaging, and magnetic reso-
nance spectroscopy (MRS).6-8 This provides new insights 
into ischemia, tumor characteristics, bleeding, and brain 
metabolism and allows unprecedented clarification of 
suspected disorders. There is debate regarding the role 

of ultrasound versus MRI in evaluating the fetal CNS.9 
We believe that ultrasound will continue to be the initial 
screening modality and that MRI will increasingly be 
used to clarify findings. The important issues for the 
examiner are familiarity with the strengths and limita-
tions of these imaging modalities, expertise in their use, 
and collaboration with other specialties.10,11

DEVELOPMENTAL ANATOMY

Embryology

Knowledge of fetal gestational age is particularly impor-
tant when evaluating anatomy in early pregnancy. In  
this chapter we use menstrual age and gestational age 
to mean “age from last menses,” as typically used clini-
cally and with ultrasound studies. We convert published 
ages to menstrual age by adding 2 weeks to the concep-
tual age.

Central nervous system development starts at about 
the fifth menstrual week, when cells destined to form the 
notochord infiltrate into the embryonic disc. This noto-
chord tissue induces overlying embryonic tissue to 
thicken and ultimately fold over and fuse as the neural 
tube. The fusion starts in the midtrunk of the embryo 
and subsequently extends to the cranial and caudal ends 
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as overall size of vermis and the normal brainstem-vermis 
angle of less than 10 degrees. All these elements are used 
to evaluate normal vermian development.19,20

The cortex also undergoes complex development at 
the neuronal cellular level. The cells that will become the 
brain cells (neurons) at the outer surface of the cortex 
undergo complex development in three overlapping 
phases: proliferation, migration, and organization. In 
general, neuron development starts at about 5 weeks and 
is largely finished by 28 weeks. Neurons derive and pro-
liferate from stem cells located in the germinal matrix by 
the ependyma-lined ventricles. These stem cells prolifer-
ate and differentiate into glial cells and neurons. The glial 
cells send processes to the cortical surface, creating a scaf-
fold along which the neurons then migrate to the cortex. 
To accommodate the accumulating neurons, the cortex 
undergoes folding into gyri and sulci. Failure of normal 
migration results in heterotopia (collections of neurons 
in abnormal locations) and abnormal or absent cortical 
convolutions (pachygyria or type 1 lissencephaly). A 
normally functioning outermost layer of the cortex serves 
to stop neuron migration and prevents overmigration of 
neurons into the meninges. Failure of this stopping func-
tion results in neurons migrating beyond the normal 
limits of the cortex into the meninges and subarachnoid 
space. This gives the brain surface a finely granular texture 
called cobblestone lissencephaly. Once the neurons 
arrive at the cortex, they organize local connections and 
send axons remotely, thereby forming large tracts or 
commissures such as the corpus callosum to connect the 
hemispheres. All these elements require the normal func-
tion of many genes working together, and the process is 
easily disrupted by intrinsic and extrinsic insults, such as 
fetal and maternal metabolic disorders, hypoxia, infec-
tions, and teratogens.21

Sonographic Anatomy

The early embryo is best examined transvaginally. The 
cephalic end is identifiable by about 8 weeks (see Fig. 
34-1). By 10 to 11 weeks, bones of the vault show 
minera lization. At this age, the brain mantle is very thin. 
The ventricles are large and filled with choroid, which  
provides nourishment for the developing brain.22 A 
large, echo-free space behind the hindbrain represents 
the rhombencephalic cavity, which decreases in size as 
the cerebellum begins to form. This normal echo-free 
space appears especially large and prominent in first-
trimester scanning and should not be mistaken for 
abnormality.14

After about 13 to 14 weeks, most of the cerebral 
structures can be identified ultrasonographically. Three 
standard transaxial planes or views (thalamic, ventricu-
lar, cerebellar) can lead to the detection of more than 
95% of sonographically detectable cerebral anomalies.2,4 
These three views form a useful starting point, but the 
examination should not be limited to these views alone. 
The entire brain should be examined, using whatever 

TABLE 34-1. DIFFERENTIATION OF 
BRAIN REGIONS FROM PRIMARY 

VESICLES

PRIMARY  
VESICLE

SECONDARY 
VESICLE

MATURE 
STRUCTURE

Forebrain Telencephalon Cerebral hemispheres
Basal ganglia
Olfactory system

Diencephalon Thalamus
Hypothalamus

Midbrain Mesencephalon Midbrain
Hindbrain Metencephalon Pons

Cerebellum
Myelencephalon Medulla

Modified from Moore KL. Essentials of human embryology. Toronto, 1988, BC 
Decker.

(Table 34-1). The anterior end, the rostral neuropore, 
closes by about 51

2 menstrual weeks, and the caudal end 
closes about 1

2 week later. By the sixth week, the cephalic 
end enlarges and flexes to become the brain.12,13 By 12 
to 15 menstrual weeks, almost all structures are in their 
final form. Exceptions are the corpus callosum, cerebel-
lar vermis, neuronal migration from the periventricu-
lar germinal matrix, development of the sulci and gyri, 
and myelination. These latter structures and processes 
start developing from about 15 weeks onward. The 
corpus callosum is formed by 20 weeks. As it develops, 
the corpus callosum induces the formation of the two 
septi pellucidi and the intervening space, which is the 
cavum septi pellucidi and cavum vergae (after Andrea 
Verga in 1851).

The cerebellum and vermis develop as proliferations 
into the cephalic part of a thin dorsal membrane (area 
membranacea) that forms the dorsal aspect of the 
rhombencephalic neural tube. The enclosed part of the 
hindbrain neural tube is the rhombencephalic cavity. 
This cavity enlarges rapidly in early pregnancy, forming 
a conspicuous dorsal cystlike space that should not be 
mistaken for abnormality14 (Fig. 34-1, A). The cerebellar 
hemispheres grow into this membrane from the sides, 
and the vermis arises from its cephalic aspect.15 The 
lower part of the rhombencephalic membrane below the 
vermis eventually fenestrates to form the foramina of 
Magendie and Luschka. This membranous part can 
bulge to a variable extent, forming Blake’s pouch. With 
high-resolution equipment, Blake’s pouch can be seen in 
most fetuses, where it is often mistaken for arachnoid 
strands.15-17 The cerebellum and vermis are essentially 
formed by 22 weeks. Care must be taken to avoid mis-
taking the incompletely developed vermis for vermian 
dysplasia/hypoplasia.18 Midsagittal views with ultra-
sound, especially 3D midsagittal scans, and MRI can 
show the normal development of the vermis, the fourth 
ventricle with pointed fastigial point (dorsal pointed 
apex of fourth ventricle), and the vermian fissures, as well 
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FIGURE 34-1. Early normal fetal head images obtained with transvaginal probe. A, At 9 menstrual weeks the 
head is clearly differentiated from the trunk and limb buds. The intracranial cystic structure is the fetal rhombencephalic cavity (arrow), 
a normal space that eventually becomes the fourth ventricle. B, Scan at 121

2  weeks. Note that the cerebral cortex is very thin (at tip of 
arrow). The choroid plexuses (C) are very large and fill the ventricles (*) from side to side. Ossification is already visible in the skull bones.

mega–cisterna magna, which may be normal if found 
in isolation,25 but also increases risks of abnormalities 
such as trisomy 18 and cerebral dysfunction.26

Additional sonographic views and projections that 
exploit the normal windows provided by the fontanelles 
and sutures can be helpful in clarifying brain anatomy 
and development. The median (midsagittal) view 
through the metopic suture–anterior fontanelle–sagittal 
suture shows midline structures such as the corpus cal-
losum and occasionally the cerebellar vermis and brain-
stem. The posterolateral mastoid fontanelles provide 
effective access to the cerebellum and occipital lobes and 
ventricles. The sulci and gyri undergo predictable devel-
opment patterns that can be assessed as early as 18 weeks. 
Special views to optimize sulcal development can be 
helpful in detecting abnormal development such as lis-
sencephaly27,28 (Fig. 34-3).

projections are needed to show all the structures (Fig. 
34-2; Videos 34-1, 34-2, and 34-3). The transvaginal 
approach can be employed when the head is deep in the 
pelvis and allows a better view of the brain.4,23

The thalamic view used to measure the biparietal and 
occipitofrontal diameters (BPD and OFD) (see Fig. 
34-2). It displays the thalamus, third ventricle, forni-
ces, basal ganglia, insula, and ambient cistern. The 
ventricular view is slightly higher than the thalamic 
view and shows the bodies and, more importantly, the 
atrium of the lateral ventricle as well as the interhemi-
spheric fissure. The atrium of the lateral ventricle is at 
the base of the occipital horn, where it joins with the 
temporal horn and the body of the ventricle. The atrium 
is an important landmark at which ventricular size is 
measured. The cerebellar view is obtained by rotating 
the transducer into a suboccipitobregmatic plane cen-
tered on the thalamus to show the cerebellar hemi-
spheres. This view shows the cerebellum, cisterna 
magna, cavum septi pellucidi (CSP), and frequently the 
anterior horns of the lateral ventricles. Cerebellar mea-
surements may be used to determine gestational age if 
the head has undergone molding.24 The cisterna magna 
is the cerebrospinal fluid space between the cerebellum 
and the occipital bone. It is the distance between the 
cerebellar vermis and inner surface of the occipital bone 
measured on an axial plane that includes the anterior end 
of the CSP and the midplane of the cerebellum posteri-
orly. The cisterna magna should be noted at every study 
and normally measures 2 to 10 mm.4 Its obliteration 
suggests a Chiari II malformation, a common finding 
in spina bifida. Its excessive enlargement is termed 

CRANIAL STRUCTURES TO NOTE AT 
ROUTINE ANATOMIC SCAN

Measurement of biparietal diameter and head 
circumference

Head shape
Bone density
Ventricle size and appearance
Cavum septi pellucidi
Thalamus
Cerebellum and vermis
Cisterna magna
Nuchal fold
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FIGURE 34-2. Standard planes for viewing cerebral structures. A, Thalamic view at 20 menstrual weeks. This trans-
verse view at the level of the diamond-shaped thalamus-hypothalamus complex (t) contains the slitlike midline third ventricle. The 
echogenic triangular area behind the thalamus and between the occipital lobes is the ambient cistern (arrow), which contains cerebrospinal 
fluid (CSF) but is rendered echogenic because of strands of meninges supporting the brain structures. The insula is a short, brightly 
echogenic line (open arrow) containing the pulsating middle cerebral artery branches. It is surrounded by normal white matter that is very 
hypoechoic and should not be mistaken for fluid. The echogenic band between thalamus and insula is the basal ganglia. Anteriorly are 
the tips of the anterior frontal horns of the lateral ventricles (v) and between them is the boxlike cavum septi pellucidi (c). B, Ventricular 
view at 18 weeks. The atrium of the occipital horn is filled with echogenic choroid, and the ventricle measurement is indicated (arrow-
heads). Note that the choroid fills more than 60% of atrium width. The measurement between the medial ventricle wall and the choroid 
is less than 3 mm. The tips of the anterior frontal horns are visible (arrows); c, cavum septi pellucidi. C, Cerebellar view at 18 menstrual 
weeks is obtained by rotating the transducer from the thalamic view so that the cerebellar hemispheres (arrows) in the posterior fossa come 
into view, connected in the midline by the slightly more echogenic vermis. The cisterna magna (m) is visible between the cerebellum and 
the occipital bone. Also visible in this view are the thalamus, third ventricle, anterior horns, and cavum septi pellucidi. D, Coronal view 
at 19 weeks through the coronal suture shows anterior frontal horns (black arrows) and large nerve trunks; the fornices (white arrows) 
are clearly visible below the cavum septi pellucidi (c). E, Midsagittal view through metopic suture at 19 weeks shows normal corpus 
callosum (arrows) containing the cavum septi pellucidi in its arc below the corpus callosum. The echogenic cerebellar vermis is visible 
posteriorly.
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FIGURE 34-3. Scan planes (dark lines) used to assess early-appearing sulci. Note that the scan planes are perpendicular 
to the direction of the sulcus being evaluated. A, Medial hemispheric surface at 26 weeks. Coronal scan plane (CP) is best for cingulate 
sulcus (yellow arrow) and calcarine sulcus. Semi-axial plane is best for parieto-occipital sulcus (PO). B, Axial view at 21 weeks shows the 
diamond shape formed by the normal parieto-occipital sulci (arrow). C, Coronal view through the occipital lobes at 21 weeks shows 
the calcarine sulcus (arrow) of the upper occipital lobe; the lower calcarine sulcus has not developed as far yet. This slight side-to-side 
variation is normal. CB, Cerebellum. D, Coronal view shows the notch of the cingulate sulcus above the bodies of the lateral ventricles 
and cavum septi pellucidi (csp). E, Lateral view of brain surface at 26 weeks shows the scan plane used to evaluate the insula (In) and 
superior temporal sulcus (ST) behind it. F, Axial view shows the angular plateau of the insula and behind it the subtle indentation of the 
superior temporal sulcus (arrow with ST). (Anatomic images modified from Dorovini-Zis K, Dolman CL. Gestational development of brain. 
Arch Pathol Lab Med 1977;101:192-195. Ultrasound images from Toi A, Chitayat D, Blaser S. Abnormalities of the foetal cerebral cortex. 
Prenat Diagn 2009;29:355-371.)
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Multiplanar three-dimensional (3-D) imaging can be 
utilized to reconstruct axial and median views to assess  
the brain from any perspective. Midsagittal reconstruc-
tions are especially helpful in evaluating abnormalities  
of the corpus callosum and cerebellum.23 Head shape 
and ossification should be noted at all these views (see 
Chapter 33).

Although ultrasound is the mainstay of a prenatal 
examination, MRI is useful as a problem-solving tech-
nique when questions remain after the ultrasound scan. 
Currently, MRI provides excellent anatomic images after 
about 22 weeks’ gestation and is superior in evaluating 
the character of brain tissue and the periphery of the 
brain, where ultrasound visibility is limited (Fig. 34-4). 
However, MRI has limitations in showing cerebral cal-
cifications and small cysts.10,29,30

Variants (Usually Normal)

Choroid Plexus Cysts

Choroid plexus cysts (CPCs) are cystlike spaces in the 
choroid plexus (Fig. 34-5; Video 34-4). They are 
common, seen in 1% to 6% of fetuses between 14 and 
24 weeks’ gestation. Most are small and disappear without 
consequence by about 28 weeks. CPCs are thought to 
represent entrapment of cerebrospinal fluid within an 
infolding of neuroepithelium. Many suggest that only 
CPCs over 3 mm should be considered substantial 
enough to be termed “choroid plexus cyst.” Although 
frequently found in normal fetuses, CPC are associated 
with trisomy 18.

The incidence of CPCs in trisomy 18 is about 50%, 
and in about 10% of trisomy 18 fetuses, CPC is the only 
ultrasonographic findings. Likelihood ratios of trisomy 
18 with isolated CPC are about 7 (range 4-12) times the 
mother’s background risk.31 Size and bilaterality of the 
cysts do not impact incidence of aneuploidy.

Fetuses with trisomy 18 almost always have other 
detectable abnormalities. Therefore, when a CPC is 
found, there should be a detailed search for features of 
trisomy 18, especially the hands, heart, and CNS. Mater-
nal age should be taken into account because the risk of 
trisomy 18 increases with age. Maternal serum and first-
trimester nuchal translucency can be helpful as indepen-
dent screens for trisomy 18.31,32

Blake’s Pouch Cyst

Blake’s pouch cyst describes a thin-walled cystic struc-
ture normally seen in the posterior fossa behind the 
lower portion of the cerebellar vermis (Fig. 34-6, A). It 
should not be mistaken for abnormality. Its walls appear 
as lines or strands that were previously thought to rep-
resent “suspensory ligaments of the cerebellum.” In fact, 
these are most likely remnants of the extremely thin-
walled posterior roof of the rhombencephalon. The 

cephalad part of the rhombencephalic roof forms the 
cerebellum and vermis; the inferior part remains thin 
and eventually fenestrates to form the foramina of 
Magendie and Luschka. The lower part of this mem-
brane often bulges into the posterior fossa as a “cyst” 
described by Robert Blake over 100 years ago. Because 
it contains cerebrospinal fluid, this cyst is echo free, 
unlike the adjacent subarachnoid fluid, which is ren-
dered slightly echogenic due to fine strands in the sub-
arachnoid space. With careful scanning, the Blake’s 
pouch cyst is visible in almost every fetus, varying in size 
from tiny to large and conspicuous. If large, the cyst can 
elevate and rotate the vermis, creating an appearance that 
mimics vermian dysplasia, but in these cases, midsagit-
tal scans show that the vermis is intact (Fig. 34-6, B and 
C ). Some think that mega–cisterna magna is simply a 
large Blake’s pouch, possibly resulting from delayed fen-
estration of the foramina.15,17

Cavum Veli Interpositi

Cavum veli interpositi describes a small cystic collection 
in the midline, usually seen below the splenium of the 
corpus callosum, behind the upper brainstem and above 
the region of the pineal gland (Fig. 34-7). It represents 
fluid in the potential space in the telea choroidea above 
the third ventricle. Most collections are seen below the 
splenium, but can extend anteriorly above the third ven-
tricle to the foramina of Monroe.33 Although infre-
quently described in the prenatal ultrasound literature, 
we have found small cysts, less than 8 mm, to be very 
common on scans at 18 to 20 weeks. A cavum veli inter-
positi incidence of 5.5% to 34% is reported in the pedi-
atric literature.34 Most cysts are of no clinical consequence; 
many recede spontaneously, and long-term neurologic 
outcome is normal.34-36 Occasionally, however, the 
cyst is large and can distort the brainstem and adjacent 
brain, causing obstructive hydrocephalus, and requires 
treatment by unroofing. There is no known genetic 
association.

Cavum veli interpositi cysts are readily seen at axial 
scanning when specifically sought and can be confirmed 
with coronal and midsagittal views and multiplanar 3-D 
images (Fig. 34-7). The remaining brain should be 
scanned to confirm normal anatomy, especially with 
respect to corpus callosum and ventricle size. Color 
Doppler ultrasound is used to exclude vascular dilations, 
such as vein of Galen aneurysms. Cavum veli interpositi 
cysts usually are seen at 18 weeks, but the larger cysts 
may present in the first trimester.34

The physiologic cavum veli interpositi cysts tend  
to be isolated, unilocular, and small (<10 mm) and 
remain stable or recede over time. The differential diag-
nosis includes cysts and cystlike conditions that occur in 
the midline, such as dilated cavum vergae, glioepen-
dymal cysts, arachnoid cysts, cystic tumors (mainly 
cystic teratomas), vein of Galen aneurysm, pineal 
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FIGURE 34-4. Normal brain appearance on MRI. T2-weighted images at 20 weeks (A and B), 22 weeks (C), 26 weeks 
(D and E), 27 weeks (F, G, and H), and 34 weeks (I); in sagittal midline (A, C, G, I), parasagittal (F), coronal (B, H), and axial (D, E) 
planes. Note developing body (BCC) and splenium of the corpus callosum (SCC), fourth ventricle (FV), cerebellar vermis (CV), medulla 
oblongata (MO), cerebral cortex (Cx), white matter (WM), sylvian fissure (SF), temporal lobe (TL), third ventricle (TV), pons (P), midbrain 
(M), ethmoid bone (E), extra-axial space (EAS), sphenoid bone (S), middle cerebellar peduncle (MCP), cerebellar hemispheres (CH), vein 
of Galen (VOG), straight sinus (SS), calcarine sulcus (CaS), torcular Herophili (ToH), temporal sulcus (TS), precentral sulcus (PreCS), 
central sulcus (CeS), post–central sulcus (PostCS), cingulate sulcus (CiS), cingulate gyrus (CG), parieto-occipital sulcus (POS), tectum (Te), 
interhemispheric fissure (IHF), superior sagittal sinus (SSS), and choroid plexus (CP). (From Levine D, Robson C. MR imaging of normal 
brain in the second and third trimesters. In Levine D, editor. Atlas of fetal MRI. Bristol, Pa, Taylor & Francis, 2005.)

Continued
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FIGURE 34-4, cont’d. Normal brain appearance on MRI. T2-weighted images at 20 weeks (A and B), 22 weeks (C), 26 
weeks (D and E), 27 weeks (F, G, and H), and 34 weeks (I); in sagittal midline (A, C, G, I), parasagittal (F), coronal (B, H), and axial 
(D, E) planes. Note developing body (BCC) and splenium of the corpus callosum (SCC), fourth ventricle (FV), cerebellar vermis (CV), 
medulla oblongata (MO), cerebral cortex (Cx), white matter (WM), sylvian fissure (SF), temporal lobe (TL), third ventricle (TV), pons 
(P), midbrain (M), ethmoid bone (E), extra-axial space (EAS), sphenoid bone (S), middle cerebellar peduncle (MCP), cerebellar hemispheres 
(CH), vein of Galen (VOG), straight sinus (SS), calcarine sulcus (CaS), torcular Herophili (ToH), temporal sulcus (TS), precentral sulcus 
(PreCS), central sulcus (CeS), post–central sulcus (PostCS), cingulate sulcus (CiS), cingulate gyrus (CG), parieto-occipital sulcus (POS), 
tectum (Te), interhemispheric fissure (IHF), superior sagittal sinus (SSS), and choroid plexus (CP). (From Levine D, Robson C. MR imaging 
of normal brain in the second and third trimesters. In Levine D, editor. Atlas of fetal MRI. Bristol, Pa, Taylor & Francis, 2005.)
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FIGURE 34-5. Bilateral choroid plexus cysts (arrows) on transverse ventricular view.
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FIGURE 34-6. Blake’s pouch “cyst.” A, Note the clear, 
echo-free space (*) in the midline behind the normal cerebellum 
and vermis. This is the Blake’s pouch cyst, which contains clear 
CSF. It has thin, lateral cyst walls (arrows), which separate it from 
the adjacent, mildly echogenic subarachnoid space of the cisterna 
magna that is visible on either side. Such “cysts” are common and 
with careful scanning can be found in most fetuses (see also Figure 
34-3, C ). B and C, Pseudo–vermis dysgenesis/hypoplasia 
caused by rotation of cerebellum and vermis by a Blake’s pouch 
cyst. B, Axial view shows apparent cleft or defect in the vermis 
(arrow) that could easily be called vermian dysgenesis. C, Midsag-
ittal view shows an intact, symmetrical normal-size vermis with 
three fissures visible. It is rotated such that its lower part is elevated 
away from the brainstem (arrow). Many now believe that this 
represents a normal fetus, with Blake’s pouch cyst elevating the 
lower part of the vermis and giving it the appearance of a cleft.



1206  PART IV ■ Obstetric Sonography

Enlargement of the lateral cerebral ventricles is not  
the primary problem. Although VM may be an isolated 
finding, it is usually the sonographically conspicuous 
finding of numerous disorders and syndromes.37,39 
The underlying changes in the brain are clinically  
important, not only the size and appearance of the ven-
tricles. Cerebral functional alterations are only variably 
predicted by ventricular size, cortical thinning, and 
appearance.41-43

Pathogenesis

Cerebrospinal fluid (CSF) is secreted by the choroid 
plexus of the lateral, third, and fourth ventricles, as well 
as by the cerebral capillaries.44 CSF flows from the lateral 
ventricles through the foramina of Monro, third ven-
tricle, aqueduct of Sylvius, and fourth ventricle and out 
the foramina of Magendie and Luschka, into the sub-
arachnoid space of the posterior fossa. CSF then courses 
over the surface of the brain to the pacchionian or 
arachnoid granulations, which are distributed at the 
top of the head adjacent to the superior sagittal sinus and 
absorb CSF. Ventricular enlargement generally results 
from obstruction of CSF flow in the brain (intraven-
tricular obstructive hydrocephalus). Alternatively, the 
site of blockage may be outside the ventricular system, 

cyst, and hemorrhage. Pathologic cystic collections are 
generally larger, enlarge over time, and have associated 
abnormalities, such as corpus callosum dysgenesis, ven-
triculomegaly, or solid masses.33,34,36

Fetuses with suspected cavum veli interpositi cysts 
should undergo detailed neurosonography and anatomic 
scan. If there are any atypical features or associated find-
ings, MRI can be helpful in further investigation. We no 
longer monitor incidentally discovered small (<8 mm) 
isolated cysts but perform follow-up scans if the cysts are 
especially conspicuous or if there is parental concern.

VENTRICULOMEGALY AND 
HYDROCEPHALUS

The term ventriculomegaly (VM) describes large ven-
tricles. The head itself may be normal, large, or even 
smaller than expected for menstrual age. Hydrocepha-
lus (HC) refers to enlarged ventricles associated with 
increased intracranial pressure and thus is typically asso-
ciated with head enlargement. Ventriculomegaly is the 
most commonly encountered cranial abnormality at pre-
natal ultrasound, with incidence ranging from 0.3 to 1.5 
in 1000 births.37-40

csp

CC

Vermis
FIGURE 34-7. Cavum veli interpositi (CVI). Multi-
planar 3-D scan shows CVI as the small cystic space (arrowheads) 
seen in all three views in the midline between the hemispheres and 
just behind/below the splenium of the corpus callosum (cc); csp, 
cavum septi pellucidi. CVIs of this size are common and normal.
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anomalies.2 The size of the head is not helpful in detecting 
VM, and frequently the BPD remains normal even  
with severe ventricular enlargement.45 Nomograms of 
other ventricular dimensions are available but not in 
common use.46

In the first trimester the choroid plexus should fill the 
prominent-appearing lateral ventricle, except for the 
conspicuous anterior frontal horn of the lateral ventricle, 
which should not be mistaken for abnormality (see Fig. 
34-1, B). VM manifests as a small-appearing choroid 
plexus with excess surrounding fluid.14

Atrial Width (Occipital Horn Width). This is the 
most useful and accepted measurement of the ventricles.4 
The atrium of the lateral ventricles is the site of conflu-
ence of the bodies, occipital horns, and temporal horns. 
This measurement is easily obtained during routine 
obstetric scanning, but the measurement must be taken 
on true axial views of the head, and calipers are placed 
in the widest part of the ventricle, just touching inner 
ventricle walls (see Figs. 34-2, B, and 34-11, A). Fortu-
itously, this is the part of the ventricle that undergoes 
the earliest and most marked enlargement.

There are pitfalls to ventricular measurement. Errors 
arise if the plane of view is not axial or if there is an 
improper choice of ventricle boundary.47 The insula, the 
extreme capsule of the basal ganglia, the supraventricular 
veins, and reverberation echoes of the proximal skull all 
can appear as lines, which should not be mistaken for 
ventricular walls (see Fig. 34-2, A). In the second trimes-
ter the normal white matter is so homogeneous that it 
has been mistaken for abnormal intracranial fluid.

Usually, only the ventricular atrium farther from the 
transducer is measured, because the near ventricle is 

or there may be failure of absorption (extraventricular 
obstructive hydrocephalus, or communicating hydro-
cephalus). Less often, VM results from excess CSF secre-
tion with choroid plexus papillomas or follows cerebral 
destruction and shrinkage (hydrocephalus ex vacuo) as 
a result of diverse insults (Fig. 34-8).

Associated CNS and somatic malformations are 
common and seen in about 70% to 83% of cases. Chro-
mosomal abnormalities are more common with non-
isolated (25%-36%) than isolated (3%-6%) VM and 
include the trisomies and X-linked hydrocephalus in 
males. D’Addario et al.37 reports that the main associa-
tions with VM are aqueductal stenosis (30%-40%), 
Chiari II malformation with spina bifida (25%-30%), 
Dandy-Walker complex (7%-10%), agenesis of the 
corpus callosum, and other, less common conditions.

Ultrasound Examination

Ventricles

Determining the cause of VM can be difficult. Several 
approaches to measuring ventricular size have been 
described: atrial width, choroid separation, ventricle/
hemisphere ratio, combined anterior horn width, and 
visual anatomic appearance. Of these, the universally 
accepted method is the transverse measurement of 
the atrium of the occipital horn (see Figs. 34-2, B; 34-9, 
A; 34-10, B; and 34-11). The detection of ventricular 
enlargement is the clue to the detection of most cerebral 

FIGURE 34-8. Ventriculomegaly at 30 weeks and 
polymicrogyria. The ventricles are large. The shrunken 
brain has fallen away from the skull, leaving a wide, CSF-filled 
subarachnoid space (hydrocephalus ex vacuo). Note also the fine 
nodularity of the surface of the brain (arrow), characteristic of 
polymicrogyria.

ABNORMALITIES COMMONLY 
ASSOCIATED WITH 

VENTRICULOMEGALY

Obstructive hydrocephalus
Aqueductal stenosis (idiopathic, infections, 

bleeding, X-linked, masses)
Spina bifida with Chiari II malformation
Excess cerebrospinal fluid (CSF) production
Choroid plexus cyst
Cerebral malformations
Agenesis of corpus callosum
Vermian dysgenesis and Dandy-Walker 

malformation
Holoprosencephaly
Neuronal migration abnormalities
Microcephaly
Macrocephaly
Lissencephaly
Schizencephaly
Destructive processes (encephaloclasis)
Vascular insults, infections, porencephaly
Aneuploidy (trisomies 21, 18, 13)
Many syndromes
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obscured by artifact created by the skull bone. The  
ventricles are presumed to be symmetrical. It is possible, 
however, to measure the near ventricle directly by 
exploiting access provided by the squamosal and lamb-
doid sutures and the posterolateral (mastoid) fontanelles 
and on 3-D multiplanar reconstructions48 (Fig. 34-9). 
Visualization of the near ventricle should be performed 
whenever VM is suspected.

Between 14 and 38 menstrual weeks, the transverse 
atrial measurement is reportedly constant at 7.6 mm 
(standard deviation [SD] 0.6 mm).2 Measurements of 
10 mm or larger suggest VM with a low false-positive 
rate.2,49 Generally, 10 to 12 mm is termed mild or bor-
derline; 12 to 15 is moderate (although some authors 
consider up to 15 mm in the mild range); and greater than 
15 mm is marked VM.41 Although 10.0 mm has been 
considered the upper limit of normal, there are reports of 
normal outcomes with ventricles larger than 10 mm,49 
and some have suggested raising the upper limit of normal 
to 11 or 12 mm. Ten millimeters is already about 4 SD 
above the mean, and we agree with others that 10 mm 
should remain the criterion above which counseling and 
investigation should occur4,38,49 (Fig. 34-10).

Mild ventricular asymmetry is common, with the left 
being larger than the right. The 2-SD range is 2.4 mm.48 
Differences of more than 3 mm should be viewed with 
caution.50 Further assessment of symmetry is possible by 
evaluating the anterior frontal horns in a coronal direc-
tion through the anterior fontanelle, either transabdomi-
nally or transvaginally (Fig. 34-9, C ). Some suggest that 
male fetuses have larger measurements than female 
fetuses, 6.8 (±1.3) mm versus 6.4 (±1.3) mm, respec-
tively.51,52 Others have found no difference.53

Choroid Separation from Medial Ventricle 
Wall. Mahoney et al.54 reported that the distance 
between the medial atrial wall and the choroid is 1  
to 2 mm in normal fetuses after 15 weeks’ gestation. 
Measurements of 3 mm and greater were associated with 
abnormal outcomes when combined with other fetal 
abnormalities, even if the ventricle measurement is 
normal. Hertzberg et al.55 found that 20% of such fetuses 
had abnormal outcomes. However, many believe that 
this approach is too sensitive and unnecessarily creates 
anxiety in parents.
Anatomic Appearance. Qualitative appearances sug-
gesting ventricular enlargement include convexity 
(outward bulge) to the lateral wall of the lateral ventricle 
and asymmetry of the left and right choroids, which 
fall with gravity when unsupported by ventricular  
walls as the choroids are denser than CSF (“droopy’’ or 
“dangling’’ choroids) (Fig. 34-11, B; Video 34-5). With 
massive ventricular enlargement, the interhemispheric 
structures, particularly the septum pellucidum, undulate 
and can become disrupted (fenestrate) allowing the left 
and right lateral ventricles to communicate. The upper 
choroid can fall across the midline through this hole and 
into the lower ventricle (Fig. 34-11, C ).

Ventriculomegaly

Once ventricular enlargement is suspected, attention 
turns to etiology and associated abnormalities. Investiga-
tions include history, detailed ultrasound, karyotype, 
search for infections (TORCH screen: toxoplasmosis, 
other/syphilis, rubella, cytomegalovirus, herpes), search 
for causes of bleeding (e.g., platelet antibodies), and MRI. 
Associated brain abnormalities may be subtle and not 
readily appreciated on standard axial scanning. Coronal 
and sagittal views both transabdominally and transvagi-
nally and use of 3-D multiplanar scans can be especially 
helpful to detect abnormalities of the cerebellar vermis 
and corpus callosum.37 MRI adds additional information 
in 5% to 50% of cases, especially with respect to paren-
chymal injury, migrational disorders, ischemia, hemor-
rhage, and brainstem abnormalities.7,39,40,56-59

Prognosis. Prognosis relates to the degree of VM and 
especially the presence of associated abnormalities. In 
cases of VM associated with chromosomal or CNS and 
somatic abnormalities, the prognosis and recurrence risk 
relate to underlying conditions.40 When VM is truly 
isolated, neurodevelopmental outcome relates to the 
degree of enlargement. Normal functional outcome is 
reported in about 85-96% of mild (10-12 mm), 76% of 
moderate (12-15 mm) and 28% of severe (>15 mm) 
cases. Outcome is better if VM is stable or decreases, and 
worse with enlarging ventricles.39,60,61 Unilateral cases 
behave similarly.61,62

Counseling of parents remains difficult. Postpartum 
abnormalities were found in 10% to 20% of fetuses 
where VM appeared isolated and all prenatal testing  
was negative. Long-term outcome remains guarded. 
Laskin et al.60 reported that initially, 85% of children 
had a favorable outcome, but this decreased to 79% by 
20 months.

SPECIFIC ABNORMALITIES

Congenital CNS abnormalities often reflect the time of 
insult in prenatal life rather than the specific cause. Etio-
logic classification is not as useful for counseling as are 
specific malformation patterns. Many brain structures 
form at the same time, and thus the timing of the insult 
may affect final outcome more than its nature. Classifica-
tion can be difficult. Even identical twins who sustain 
the same insult to development may be born with dif-
fering phenotypes.63

Increasingly, CNS abnormalities are being associated 
with gene abnormalities at the molecular level. The 
abnormal genes give rise to abnormal proteins that 
prevent normal cortical development and neuron migra-
tion. Understanding the molecular mechanisms of 
disease and maldevelopment will change the understand-
ing of developmental disorders. Specific malformations 
are starting to be categorized based on their underlying 
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FIGURE 34-9. Assessment of ventricles at 23 weeks shows normal, mild asymmetry. A, Axial view at left shows 
the usually measured lower ventricle (calipers +). On the right image, by viewing through the posterior squamous (squamosal) suture, one 
can visualize the upper ventricle in the oblique axial plane (calipers x). Oblique image planes can increase the ventricular measurement; 
thus attempts should be made to obtain a true axial view for measurement if the upper ventricle appears enlarged. B, Coronal “owl’s eye” 
view through the lambdoid suture shows asymmetry of the occipital horns (calipers). Mild asymmetry less than 2 to 3 mm is common 
and normal; c, cerebellum. C, Views taken through the anterior fontanelle analogous to neonatal head ultrasound. Left image shows the 
occipital horns, and right image shows the anterior horns and confirms slight ventricular asymmetry.
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FIGURE 34-10. Supraventricular marginal venous echoes at 26 menstrual weeks versus ventricular walls. 
A, Transverse view above the level of the ventricles shows echoes from the marginal veins, which form a finely dotted line (arrowheads) 
parallel to the interhemispheric fissure (long arrows). B, Transverse view at the ventricular plane shows mild ventricular enlargement, with 
the occipital horn measuring over 10 mm (short white arrows) and the choroid separated from the medial wall of the occipital horn by 
5 mm (5). The margin of the lateral ventricle (long white arrows) is curved and diverges from the midline, unlike the venous “line,” which 
is straight and parallels the midline. C, Coronal view through the region of the thalamus. The lateral ventricle wall echo (white arrow) is 
lateral to the supraventricular venous echo (black arrow), which goes from the top of the ventricle (v) to the surface of the hemisphere.

genetic and molecular abnormalities rather than on mor-
phologic appearances.63-65 Even if the genes are normal, 
their functions can be variably disturbed by external 
influences, such as anoxia, infections, and teratogens. 
Again, the final outcomes will typically reflect the timing 
of the insults rather than their specific nature.40,63,66

To reach an accurate diagnosis and help with investi-
gation, counseling, and treatment, the clinician should 
evaluate not only the obvious changes, but also look for 
additional, subtle findings. Clues can be found in preg-
nancy history, family history, course of current preg-
nancy (including maternal conditions such as diabetes), 
medications, illnesses, occupations and exposures, and 
evaluation of parents and close relatives. If there is a 
known risk of specific conditions, online resources such 
as Online Mendelian Inheritance in Man (OMIM, 
http://www.ncbi.nlm.nih.gov/omim) and other sites 
can be helpful in providing a list of findings to target  
at ultrasound.

Errors of Dorsal Induction

Errors of induction and development of the dorsal neural 
plate and canal (neurulation) result in defects of closure, 
including anencephaly, encephaloceles, spinal dysra-
phism, and Chiari malformations.

Acrania, Anencephaly, Exencephaly

Acrania, or absence of the cranial vault bones of the 
calvarium, is common to all these lesions. However, it 
should be understood that acrania can occur with a 
normal underlying brain, and therefore this term should 

not be used when the appropriate diagnosis is anenceph-
aly or exencephaly. Anencephaly occurs in about 1 in 
1000 births and is characterized by the absence of the 
cranial vault, cerebral hemispheres, and diencephalic 
structures. These are replaced by a flattened, amorphous 
vascular-neural mass (area cerebrovasculosa) (Fig. 34-12, 
A). The amorphous mass may resemble brain structures 
uncovered by bone (exencephaly), but in all cases, there 
is absence of normally formed skin, cranial bones, and 
brain superior to the orbits.67,68 Facial structures and 
orbits are present. Associated spinal and non-CNS 
abnormalities and polyhydramnios are common.69 On 
occasion, the dysraphic abnormality involves the head 
and entire spine (craniorachischisis). The outcome of 
anencephaly is invariably fatal, and pregnancy termina-
tion is offered at any gestational age.

Detection of anencephaly prior to 14 weeks can be 
difficult, although the diagnosis has been suggested as 
early as 101

2 weeks. Before 10 weeks, apparently normal-
appearing brain structures are present. Unless the exam-
iner specifically looks for ossified cranial bones, the 
diagnosis can be missed.70,71 Using transvaginal probes, 
ultrasonically visible ossification of frontal bones may 
not be apparent until 10 weeks, and anencephaly should 
not be diagnosed before this gestational age. It has been 
suggested that exencephaly may be an early phase of 
anencephaly. In early pregnancy, the area cerebrovas-
culosa can be prominent and resemble brain structures 
without overlying ossified cranium (exencephaly), some-
times forming an appearance resembling “Mickey Mouse 
ears.”72 It is postulated that the brain becomes destroyed 
as pregnancy continues and assumes the characteristic 
flattened, disrupted appearance of anencephaly.68,71 An 

http://www.ncbi.nlm.nih.gov/omim
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FIGURE 34-11. Ventriculomegaly. A, Mild ven-
triculomegaly of 12 mm. Note placement of calipers (+) 
in the CSF (black fluid) touching the inner surface of the 
ventricle wall. There is prominent space (>3 mm) between 
the choroid and ventricle wall. The cavum septi pellucidi  
has been compressed but is still visible (arrow). B, Marked 
ventriculomegaly at 27 weeks shows the convex margin 
of the ventricle. The choroids (C) are drooping (toward 
the dependent ventricle), and the cavum septi pellucidi  
has fenestrated, allowing free communication between  
the ventricles. C, Massive ventriculomegaly at 35 weeks 
from aqueductal stenosis. The septal leaflets have fenestrated 
(open arrow), allowing the upper choroid (arrowhead) to 
fall across the midline. The cerebral cortex is greatly thinned 
but present (small arrows), allowing differentiation from 
hydranencephaly.
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appear similar. In either case, the prognosis remains 
hopeless.

Cephalocele and Encephalocele

A cephalocele is a herniation of intracranial structures 
through a defect in the cranium. A cranial meningocele 
contains only meninges and CSF, whereas when the 
defect contains brain tissue, it is termed an encephalo-
cele. Most encephaloceles occur in the midline in the 
occipital (75%) or frontal (13%) region, although some 
are parietal (12%) (Fig. 34-13). Encephaloceles can 
extend into the mouth, nasal, and sphenoid areas, where 
their identification can be difficult.77-81 They can occur 
as isolated lesions or may be associated with other anom-
alies or syndromes, involving the head, spine, face, skel-
eton, or kidneys. Chromosomal abnormality is seen in 
about 14% to 18%, especially trisomies 18 and 13.75

Ultrasonographically, an encephalocele manifests as a 
cystic mass at the surface of the skull, typically in the 
midline. Brain tissue with a visible bony defect confirms 

additional clue to diagnosis is the identification of echo-
genic amniotic fluid caused by debris shed from the 
uncovered brain or other unprotected fetal parts73 (Fig. 
34-12, B).

Chromosomal abnormality is seen in 2% of fetuses 
with anencephaly and additional abnormalities seen in 
4% to 8%.74,75 Differential diagnosis includes other con-
ditions in which the cranial bones are absent or lack 
mineralization, such as amniotic band sequence, large 
encephaloceles, osteogenesis imperfecta and hypo-
phosphatasia (Fig. 34-4, D). With amniotic band 
sequence (early amnion rupture sequence) the fetuses 
generally have an asymmetrical defect accompanied by 
body wall defects and/or amputation of body parts and 
occasional oligohydramnios. Membranes may be visible 
in amniotic fluid, or the fetus may be stuck to the side 
of the uterus or placenta. Unlike anencephaly and open 
spina bifida, early amnion rupture sequence is sporadic 
and without increased recurrence risk.69,76 Large enceph-
aloceles generally have more calvarial development than 
seen with anencephaly, but occasionally the two can 

A B

C

F

FIGURE 34-12. Anencephaly. A, Coronal view of fetus 
at 14 menstrual weeks shows the spine ending in a clump  
of basal skull bones without a formed cranial vault (arrow). 
B, Anencephaly at 12 weeks. Note that there is an amorphous 
mass of tissue above the face and orbits (F), resembling “Mickey 
Mouse” ears (arrow). Also, the normally echo-free amniotic 
fluid surrounding the fetus has become more echogenic than 
chorionic fluid (arrowheads, amniotic sac surface). C, Amniotic 
band sequence at 15 weeks mimics anencephaly, but this fetal 
head and brain are stuck to the uterine wall by obvious bands 
(arrow). Unlike anencephaly, this condition is sporadic and 
unlikely to recur.
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FIGURE 34-13. Encephalocele. A, Transverse view through 
occiput at 22 menstrual weeks shows a large midline encephalocele 
with considerable brain tissue (arrow) herniating through the occipi-
tal bony skull defect. The head is microcephalic. B, Asymmetrical 
parietal encephalocele (arrow). Coronal view at 21 menstrual 
weeks. C, Anterior encephalocele (arrow) at 18 weeks herniated 
through a defect between the orbits. D, Atretic encephalocele seen 
as a small blister (curved arrow) in the scalp on midsagittal color 
Doppler image. Typically, these do not contain brain tissue but are 
associated with an abnormal falcine venous sinus of Markowski 
(arrow), which courses from the cerebral vein to the superior sagittal 
sinus. The vein of Galen can be absent; cb, cerebellum. E, Small 
encephalocele (arrow) associated with severe ventriculomegaly on 
MR image.
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malformation consisting of encephalocele with facial 
clefts, thoraco/abdominoschisis, and limb defects and 
generally associated with internal abnormalities that 
cannot be explained by amniotic bands, such as congeni-
tal heart disease, renal agenesis, and intestinal atresias. 
Some suggest that limb–body wall complex follows early 
vascular disruptions, with secondary involvement of 
amniotic membranes, or possibly represents general dis-
ordered morphogenesis.86,87

The findings at ultrasound vary with affected areas. 
With adhesions and limb–body wall complex, fetal 
anatomy can be disrupted and almost unrecognizable. 
This massive disruption is often the clue to the diagnosis, 
because the associated amniotic bands and adhesions 
may not be visible88 (Fig. 34-12, C ).

The incidence ranges from 1 in 1200 to 15,000 
births, but is about five times more common in still-
births. The major disruptions are lethal. 3-D ultrasound 
and MRI can be helpful in clarifying the extent of the 
lesions. Prognosis, counseling, and management depend 
on the nature and degree of disruptions. Fortunately, 
these anomalies are sporadic, with negligible recurrence 
risk.88,89

Cranial Changes in Spina Bifida

Spina bifida is classified as open or closed, depending on 
whether the spinal lesion is skin covered (closed) or not 
(open). Virtually all fetuses with open spina bifida have 
cerebral changes typical of a Chiari II malformation 
(Fig. 34-14; Video 34-6). However, those with closed, 
skin-covered lesions can have normal-appearing heads 
and brains (Fig. 34-15). The open spinal lesions are 
more readily detected prenatally and account for about 
80% of spina bifida. Maternal serum alpha-fetoprotein 
(MS-AFP) is elevated in about 80% of fetuses with open 
spina bifida. In contrast, most fetuses with closed lesions, 
even if large, have no intracranial changes and normal 
MS-AFP levels.90 It is important to examine the spine 
even if the head appears normal, to avoid missing an 
obvious deformity of closed spina bifida.

The characteristic head changes of open spina bifida 
include VM,91 the “lemon” sign (bifrontal scalloping or 
indentation)91-93 (see Fig. 34-4, A), the “banana” sign 
(Chiari II malformation)94,95 (see Fig. 34-14), cisterna 
magna effacement,96 “pointing” of the tips of the occipi-
tal ventricles,97,98 and BPD and trunk measurements that 
are typically slightly small for gestational age. MRI often 
shows additional brain abnormalities, including cerebral 
hypoplasia, polymicrogyria, heterotopia, and callosal 
abnormality.99

Ventriculomegaly is common with open spina bifida 
but usually occurs in later pregnancy. Babcook et al.91 
found VM in 44% of fetuses under 24 weeks’ gestation 
and in 94% after 24 weeks. It was often associated  
with severe posterior fossa deformities. After delivery  
and after repair of the skin lesion, virtually all infants 

the diagnosis, but the bony defect may be small and  
difficult to detect. Other lesions that should be consid-
ered in the differential diagnosis when a scalp lesion is 
visualized include cystic hygroma, hemangioma, scalp 
edema or cephalohematoma, epidermal scalp cyst, 
branchial cleft cyst, dermoid cyst, dacryocystocele, 
epignathus, and cervical teratoma.80

A variant that is infrequently recognized prenatally is 
the atretic encephalocele (Fig. 34-13, D), which usually 
manifests as small, blisterlike subcutaneous collection in 
the skin in the midline near the vertex, external to a 
seemingly intact skull. Diagnostic clues are abnormalities 
of the superior sagittal sinus, which can have multiple 
channels, and the persistence of the prosencephalic vein 
of Markowski, which runs in the falx (falcine sinus) from 
the region of the start of the vein of Galen to the sagittal 
sinus underlying the encephalocele. These children gen-
erally do well.81,82

Meckel-Gruber syndrome is a rare, lethal autosomal 
recessive condition characterized by encephalocele, cystic 
renal dysplasia, and polydactyly.83 The detection of 
either cystic kidneys or an encephalocele should lead to 
a search for the other components of this syndrome, 
which has been detected as early as 14 weeks.84

The prognosis of encephalocele depends on the loca-
tion of the lesion, the amount of brain herniation, the 
formation of the underlying brain, and associated  
anomalies. Mortality is up to 44%, and in survivors, 
intellectual impairment ranges from 40% to 91%. If 
discovered before viability, pregnancy termination is 
considered. Later in pregnancy, management depends 
on the size and location of the encephalocele and associ-
ated anomalies.85

Amniotic Band Sequence, Limb–Body 
Wall Complex

This variable collection of disruptive abnormalities is 
associated with anomalies of the amnion, often loosely 
referred to as “amniotic band sequence.” Fetuses with 
these conditions have variable and complex abnormali-
ties, such as asymmetrical encephaloceles and facial dis-
ruptions. Three overlapping types of processes are 
described: constrictive amniotic bands, amniotic adhe-
sions, and limb–body wall complex. The literature on 
the etiology of these sporadic conditions is confusing and 
controversial regarding etiology and pathogenesis. There 
is a common theme of combinations of amniotic abnor-
mality and asymmetrical fetal disruptions. Constrictive 
amniotic bands result in annular constrictions or ampu-
tations of limb parts. Amniotic adhesions result in 
severe defects that are covered by amnion. These often 
affect the craniofacial region and present as asymmetrical 
encephaloceles and facial clefts. They may be the result 
of disrupted fetal parts that are initially disrupted and 
then secondarily adhere to the amnion. Limb–body wall 
complex terminology is used if there is a more severe 
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FIGURE 34-14. Cranial findings of Chiari II malformation typical (98%) with open spina bifida. A, Lemon 
sign with indentation of frontal bones. B, Banana sign of compressed cerebellum (arrows) viewed from the occipital direction. The cerebel-
lum is tightly compressed against the occipital bone and obliterates the cisterna magna. C, Axial view of head shows the pointed appearance 
of the ventricles. D, Sagittal T2-weighted MR image shows inferior displacement of the cerebellum typical of the Chiari II malformation 
(arrowhead) and inferiorly, the spinal defect (arrow). E, Axial MR image shows the pointed appearance of the ventricles. F, Coronal MR 
image shows ventriculomegaly and obliteration of the cisterna magna.
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FINDINGS ASSOCIATED WITH OPEN 
SPINA BIFIDA

Chiari II malformation
Lemon sign
Ventriculomegaly
Banana sign: cerebellar tonsillar herniation into 

foramen magnum
Effacement of cisterna magna

Slightly small fetal measurements
Spinal defects
Clubfoot (talipes)
Family history
Elevated maternal serum alpha-fetoprotein 

(MS-AFP)

21 w

FIGURE 34-15. Closed, skin-covered spina bifida at 21 weeks. The right image shows an obvious meningomyelocele 
(arrow). On the left image, note the normal ventricles, cerebellum, and cisterna magna. Fetuses with closed, skin-covered spina bifida do 
not have a Chiari II malformation and thus lack the typical intracranial signs. The MS-AFP is normal because the skin covers the defect.

The banana sign and effacement of the cisterna 
magna are the result of fluid leakage from the open 
spinal defect and hypoplasia of the posterior fossa (see 
Fig. 34-14). This allows the cerebellum to be compressed 
into the lower posterior fossa and where it conforms to 
the remaining available space. The fluid in the cisterna 
magna is displaced (cisterna magna effacement) by the 
cerebellum. The cerebellar tonsils and vermis typically 
herniate inferiorly through the foramen magnum. The 
cerebellar hemispheres wrap around the lateral aspect of 
the brainstem, and the cerebellum assumes a C shape, 
the banana sign. These findings constitute the sono-
graphic Chiari II malformation. On occasion, the cere-
bellum may be displaced so far inferiorly into the bony 
base of the skull that it cannot be imaged with ultra-
sound. This absence is generally artifactual due to shad-
owing by bone. It is rare for the cerebellar compression 
in Chiari II actually to result in cerebellar atrophy, but 
it can occur and may be associated with neurologic dis-
turbances.101 Fluid leak as the cause of cerebellar changes 
is supported by observations that after in utero repair of 
the open spinal defect, the cerebellum may migrate 
upward, and the cerebellum and posterior fossa may 
assume a more normal appearance.102

Remember, even large, closed, skin-covered spina 
bifida cases typically have no cranial findings, so a 

develop progressive enlargement of ventricles and head 
(hydrocephalus) and require shunting.

The lemon sign or bifrontal indentation is seen in 
89% to 98% of spina bifida fetuses under 24 weeks’ 
gestation but becomes less obvious later.92,93 It can also 
be seen in normal fetuses and others with diverse abnor-
malities, including encephalocele, Dandy-Walker mal-
formation, and thanatophoric dysplasia.100
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normal cranial examination cannot exclude spinal 
abnormality (Fig. 34-15). The MS-AFP will also be 
normal with skin-covered lesions.103 Fetuses with 
isolated neural tube defect (NTD) have an increased 
incidence of chromosomal abnormality ranging from 
7% to 16%, and antenatal genetic evaluation should be 
considered.75,104,105

The intracranial changes are similar for all levels of 
spinal abnormality. Functional prognosis depends pri-
marily on the level of the spinal lesion.106 Randomized 
trials of in utero spina bifida closure are currently under-
way. Initial experience suggests that cerebellar changes 
appear to reverse, and there is less need for postnatal 
ventricular shunting. However, there is mortality associ-
ated with the procedure, and it is not clear if there is 
long-term functional improvement.90

The accuracy of diagnosis of spina bifida depends  
on operator experience. Experienced referral centers  
have close to 100% detection. The RADIUS trial, which 
used MS-AFP and ultrasound reported 80% detection. 
MS-AFP screening may be marginally more sensitive than 
routine ultrasound.107 Folic acid supplementation has 
greatly decreased the incidence of open NTDs. Attention 
to cerebral findings should allow a very high detection rate 
of open spina bifida. Closed spina bifida remains a 
problem for ultrasound diagnosis because MS-AFP is 
normal and there is no Chiari malformation.

The iniencephaly sequence is a rare and special case 
of dysraphism involving the back of the cranium and the 
contiguous upper spine; “inion’’ refers to the nape of  
the neck. It is associated with segmentation errors of the 
upper spine and has been suspected as early as 9 weeks.108 
The resulting deformity greatly shortens the neck, and 
the head is dorsiflexed (star-gazing position). Associated 
anomalies are common; the outcome is fatal. Inienceph-
aly may be associated with anencephaly or Klippel-Feil 
syndrome; in the latter there is segmentation error and 
shortening in the cervical vertebrae, but no dysraphism. 
Marked hyperextension can also be seen with anterior 
neck masses (teratoma, goiter), anencephaly and distor-
tions of uterine cavity (e.g., from oligohydramnios, 
fibroids, uterine synechiae, or twins).

Errors of Ventral Induction: 
Holoprosencephaly

Errors of ventral induction occur in the rostral end of 
the embryo and result in brain abnormalities and usually 
affect facial development. These are in the holoprosen-
cephaly spectrum. Holoprosencephaly is a complex 
brain malformation resulting from various degrees of 
incomplete cleavage of the prosencephalon. It is the most 
common abnormality of brain development and is seen 
in about 1 in 250 conceptuses but only 1 in 16,000 live 
births, because most affected fetuses die in utero.40,109,110

Normally, at about 5 weeks’ gestational age, pre-
chordal mesoderm migrates into the area anterior to the 

FACTORS ASSOCIATED WITH 
HOLOPROSENCEPHALY

Environmental teratogens: alcohol, smoking, 
retinoic acid, salicylates, anticonvulsants

Metabolic: insulin-dependent diabetes (1% risk)
Infections: cytomegalovirus, toxoplasmosis, rubella
Syndromes with normal karyotype (about 25% of 

holoprosencephaly
Smith-Lemle-Opitz
Pallister-Hall
Velocardiofacial

Chromosomal abnormalities
Trisomy 13 (70% have holoprosencephaly)
Trisomy 18
Triploidy

Gene mutations
Sonic hedgehog (expressed in notochord and 

floor plate of neural tube)
ZIC2 (has role in neurulation in dorsal midline)

notochord, where it participates in midface development 
and induces forebrain development. This fails in holo-
prosencephaly. As result, anterior midline cerebral struc-
tures fail to form, and the more lateral dorsal structures 
fuse in the midline to varying degrees. In severe cases the 
abnormality extends to involve midline facial structures. 
The severity of facial dysmorphism correlates with cere-
bral abnormalities in about 80% of cases (“the face pre-
dicts the brain”).63,110 Additional abnormalities involving 
any part of the body are found in about 70% of cases.40,109

Etiology and phenotype are heterogeneous, possibly 
resulting from multiple, varied genetic and environ-
mental “hits” to the development process. Holopro-
sencephaly is part of many different syndromes and 
many chromosomal and gene abnormalities.40,109-111

Isolated holoprosencephaly can have autosomal domi-
nant inheritance with incomplete penetrance and vari-
able expression. Parents of affected children should be 
examined for mild manifestations such as single central 
incisor and absent nasal cartilage.40,111,112

Prognosis is variable and depends on holoprosenceph-
aly severity, associated abnormalities, and medical and 
neurologic complications. Severely affected fetuses die in 
utero or do poorly. Mildly affected children may exhibit 
few symptoms and may live a normal life. About 75% 
need shunting.110 In general, the severity of clinical 
problems and neurologic dysfunction correlates with  
the degree of hemispheric and hypothalamic failure of 
separation. Abnormal functions can manifest as endocri-
nopathy (especially diabetes insipidus), temperature dys-
regulation, motor and movement abnormalities, and 
developmental delay.111,113

Holoprosencephaly is a continuum of malformations 
that is classically divided into three ranges of increasing 
severity: alobar (only one hemisphere), semilobar 
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GENERAL ANATOMIC CLASSIFICATION 
OF HOLOPROSENCEPHALY*

ALOBAR
Single forebrain ventricle
No interhemispheric division
Absent olfactory tracts
Absent corpus callosum
Nonseparation of deep gray nuclei (fusion)
Dorsal cyst

SEMILOBAR
Rudimentary cerebral lobes
Incomplete anterior hemisphere division
Absent/small olfactory tracts
Absent corpus callosum
Variable nonseparation of deep gray nuclei

LOBAR
Fully developed cerebral lobes
Distinct interhemispheric division
Midline continuous frontal neocortex
Corpus callosum absent, hypoplastic, or normal
Separation of deep gray nuclei
Fused fornices117

Azygous “wandering” anterior cerebral artery

MIDLINE INTERHEMISPHERIC FORM
(Syntelencephaly)
Failed separation of parietal hemispheres
Anterior and posterior corpus callosum formed
Absent/abnormal central corpus callosum
Normal separation of hypothalamus and lentiform 

nuclei
Gray matter heterotopia

Modified from Dubourg C, Bendavid C, Pasquier L, et al. 
Holoprosencephaly. Orphanet J Rare Dis 2007;2:8.
*There is considerable overlap and variation.

Middle hemispheric holoprosencephaly (syntelen-
cephaly) can be a difficult prenatal ultrasound diagnosis 
because the anterior and posterior parts of the interhe-
mispheric fissure are present, the thalami are normally 
separated, and the face is generally normal. Middle 
hemispheric holoprosencephaly can resemble VM with 
secondary septal fenestration. Cases generally show mild 
VM, absence of parts of the septi pellucidi, abnormality 
of the midpart of the corpus callosum, and dorsal cysts 
(Fig. 34-16, E ). Coronal scanning may show fusion of 
the central parts of the hemispheres. MRI helps confirm 
this appearance and typically shows sylvian fissures con-
necting abnormally across the midline.115,120-122

Alobar holoprosencephaly has been diagnosed as early 
as 9 weeks through demonstration of a single ventricle, 
single orbit, and proboscis.109 In such early cases, it is 
important not to mistake the normal rhombencephalic 
cavity, which represents the developing fourth ventricle, 
for holoprosencephaly. The presence of facial changes is 
important in this regard.

(partial attempt to form two hemispheres), lobar (two 
hemispheres form, but midline structures are abnormal). 
Severe cases often have a dorsal cyst, thought to result 
from obstruction to CSF flow by fused thalami. Prenatal 
distribution is alobar 75%, semilobar and lobar about 
10% each, and the remainder consisting of atypical 
forms109,111 (Fig. 34-16). However, the range of abnor-
malities is much larger than these simple categorizations 
suggest and involve not only the cerebrum but also basal 
ganglia and other lower areas. Affected fetuses and chil-
dren may have microforms with mild manifestations 
such as single midline incisor tooth or absence of olfac-
tory lobes. Diagnosis may be difficult even after delivery. 
Also, some holoprosencephaly manifests as anencephaly 
with associated facial abnormality.109-111

Recently, a fourth variant has been described, middle 
interhemispheric form of holoprosencephaly, also 
called syntelencephaly, in which there is separation of 
the anterior and posterior parts of the hemispheres, but 
fusion is present in the central region of the brain 
between parietal hemispheres111,114,115 (Fig. 34-16, E ). 
Those with the middle interhemispheric form tend to 
do better, and they have functional disabilities similar to 
those with lobar holoprosencephaly, but their endocrine 
functions are normal because the hypothalamus tends to 
be spared.114

Prenatal diagnosis is based mainly on imaging find-
ings. The diagnostic features of the alobar and semilobar 
types are absence of the falx and fusion of the thalami. 
Alobar holoprosencephaly has three variants: pancake, 
cup, and ball. The pancake type has a small, flattened 
plate of cerebrum anteriorly, with a large dorsal cyst 
posteriorly. The cup type has more anterior cerebrum, 
forming an anterior cuplike mantle and a dorsal cyst. 
The ball type has a single, featureless, monoventricle 
surrounded by a mantle of ventricle of varying thick-
ness.111,116 With semilobar holoprosencephaly a rudi-
mentary attempt at cerebral cleavage of occipital horns 
may be seen (Fig. 34-16, D). Because it forms lobes, 
lobar holoprosencephaly may be difficult if not impos-
sible to diagnose prenatally. Features that suggest  
lobar holoprosencephaly include absence of septi pellu-
cidi, fusion and squaring of the frontal horns, and an 
abnormal appearance of two large nerve trunks, the for-
nices, which are rudimentary and appear fused into a 
single tract above the third ventricle.117,118 With color 
Doppler sonography, the anterior cerebral artery may 
have an azygous (wandering) course “crawling” under 
the skull. Fusion of the fornices in holoprosencephaly 
can help differentiate holoprosencephaly from septo-
optic dysplasia.119

Many authors emphasize detection of associated facial 
abnormalities in making the diagnosis (Fig. 34-16, B). 
Facial changes are seen more frequently with more severe 
holoprosencephaly. The facial changes have been catego-
rized into four main groups, with severity approximating 
degree of brain abnormality.109,111
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FIGURE 34-16. Holoprosencephaly. A, Alobar holoprosencephaly (coronal view) at 13 menstrual weeks shows fused nubbin of 
thalamus (black arrow) capped by a single hemisphere (white arrow) and underlying monoventricle. There is no falx or interhemispheric 
fissure. Also note the two-vessel umbilical cord in this fetus, which has trisomy 13. B, Hypotelorism. Axial view across face shows the 
eyes (e) in very close approximation. This is an example of the facial abnormalities that are common with severe alobar holoprosencephaly. 
C, Cup type of alobar holoprosencephaly. Midsagittal view shows the anterior “cup’’ of brain mantle (m) and a large dorsal cyst. 
D, Semilobar holoprosencephaly at 20 weeks. There is a single monoventricle but also rudimentary development of falx and interhemi-
spheric fissure (arrow). E, Syntelencephaly, or middle hemispheric variant of holoprosencephaly. There is a communication between the 
ventricles centrally (*), but the anterior (A arrowhead) and posterior (P arrowhead) interhemispheric fissures have formed.
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development is often accompanied by developmental 
and functional changes in the cerebral cortex and other 
parts of the body.63

Functionally, the cerebellum not only controls volun-
tary movements but is also involved in nonmotor and 
cognitive functions. Many children with cerebellar mal-
formations come to medical attention because of devel-
opmental and behavioral issues.129-131

The cerebellum is routinely examined with standard 
axial views, focusing on transverse diameter,132 the intact-
ness and size of the vermis, and the depth of the cisterna 
magna, which should measure less than 10 mm.4 When 
an abnormality is suspected, midsagittal views are impor-
tant to evaluate the integrity, size, rotation, and fissures 
of the vermis127,133-136 (Fig. 34-17), as well as the appear-
ance of the fourth ventricle. Transvaginal scanning, 3-D 
ultrasound, and MRI are especially effective in this 
regard and also allow assessment of the brainstem.20,59,137-140 
Practical diagnostic approaches have been suggested to 
evaluate suspected abnormalities of the posterior fossa, 
starting with initial determination of posterior fossa fluid 
and cerebellar size and anatomy.127,138,139

A large spectrum of abnormalities involves the cerebel-
lum and posterior fossa, including malformations (e.g., 

Differential diagnosis includes severe hydrocephalus, 
septo-optic dysplasia, schizencephaly, hydranenceph-
aly, and porencephaly.120,121 For counseling purposes, it 
is important to determine the degree of cerebral malfor-
mation and whether it is isolated or part of a syndrome 
or associated with additional abnormalities.110,111 MRI 
and chromosome and microarray analysis can be helpful. 
Pregnancy termination is generally considered after pre-
natal diagnosis.

Posterior Fossa and Cerebellum

Counseling about fetuses with posterior fossa abnormali-
ties is difficult because fetuses with different conditions 
are variously grouped together.123-125 Frustratingly, pre-
natal appearances often do not correlate with findings at 
pathology.126 Abnormal genes have been described with 
many posterior fossa disorders, and many have autoso-
mal recessive inheritance.124 If posterior abnormalities 
are suspected, expert imaging opinion and interdisciplin-
ary consultation should be considered.127

Cerebellar development starts at about 6 to 7 weeks’ 
gestation, and the final gross form is achieved by about 
18 to 20 weeks. Cerebellar components continue to 
develop to about 7 months after birth, and final neuro-
nal organization continues to about 20 months after 
delivery.124 The cerebellum develops as thickenings of 
lateral rhombic lips, which enlarge posteriorly and are 
joined in the midline by the vermis, which develops from 
the rostral aspect. These thickenings grow into the thin-
membranous dorsal aspect of the neural tube, the area 
membranacea, which is the rhombencephalic “cyst” 
that is prominent in early pregnancy (see Fig. 34-1) and 
later becomes the fourth ventricle and fenestrates, 
forming the foramina of Magendie and Luschka.17,128 As 
the posterior fossa develops, the brainstem initially 
becomes flexed or kinked (mesencephalic, pontine, and 
cervical flexures) but again straightens out by about 14 
to 16 weeks as the spinal cord expands with developing 
spinal nerve tracts.19 The genetic and molecular mecha-
nisms involved in cerebellar development play roles in 
other CNS regions. Consequently, abnormal cerebellar 

FACIAL CHANGES ASSOCIATED WITH 
HOLOPROSENCEPHALY

1. Cyclopia with single eye, with or without 
proboscis

2. Ethmocephaly (hypotelorism and proboscis 
between the eyes)

3. Cebocephaly (hypotelorism, nose with single 
nostril)

4. Median cleft lip/palate and hypotelorism

CC

Fastigium
2

1

pp

FIGURE 34-17. Normal midsagittal view of brain 
at 21 weeks with 3-D scan and volume contrast 
imaging (VCI). This is basically a thick-slice scan that increases 
contrast and decreases noise. Note the triangular shape of the 
cerebellar vermis behind the brainstem. This is the best view to 
evaluate the corpus callosum and vermis. Arrow indicates apex of 
the fourth ventricle and fastigial point. Normally, the upper and 
lower parts of the cerebellum touch the brainstem. A line connect-
ing the fastigium and declive (the most posterior bulging part of 
the vermis) normally divides the vermis into approximately equal 
upper and lower portions. Also, at about 20 to 21 weeks, three 
vermian fissures can usually be identified as white septa invaginat-
ing into the darker cerebellum. They are the primary (1), the 
prepyramidal (pp), and the secondary (2) fissures.
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DANDY-WALKER MALFORMATION

1. Cystic dilation of the fourth ventricle 
communicating with a posterior fossa fluid space

2. Elevated tentorium and high position of the 
torcula (confluence of the superior sagittal and 
lateral venous sinuses)

3. Small, rotated, raised, or absent vermis
4. Anterolateral displacement of seemingly normal 

cerebellar hemispheres

Dandy-Walker complex, rhombencephalosynapsis, 
Joubert syndrome) and disruptions to normal devel-
opment (e.g., infections, hemorrhage, hypoxia, toxins, 
intrauterine growth restriction [IUGR], metabolic 
abnormalities) and abnormal fluid collections. Resultant 
defects can be global, unihemispheric, or focal127,141 and 
may be associated with many conditions.124

In a series of symptomatic children presenting  
postnatally, the relative frequency of specific common 
abnormalities were Dandy-Walker malformation 27%, 
molar-tooth (Joubert syndrome) 17%, congenital mus-
cular dystrophy (Walker-Warburg phenotype) 14%, 
rhombencephalosynapsis 11%, cytomegalovirus (CMV) 
infection 9%, hypoplasia 4%, lissencephaly 4%, focal 
dysplasias 3%, and miscellaneous conditions 6%.125 At 
a prenatal MRI referral center examining fetuses with 
sonographically suspected problems, the distribution of 
abnormalities was inferior vermian hypoplasia 37% 
(82% of these were isolated), Dandy-Walker malforma-
tion 25%, mega–cisterna magna 15%, cerebellar hypo-
plasia 7%, hemorrhage 7%, and rhombencephalosynapsis 
2%.142 The differences between the postnatal and prena-
tal series highlight the difficulties of precise and complete 
prenatal diagnosis, possible late manifestation or devel-
opment of some disorders, and possible in utero lethality 
of conditions diagnosed during pregnancy, including 
iatrogenic pregnancy termination.

Dandy-Walker Malformation

The classic Dandy-Walker malformation (DWM) con-
sists of four elements. At ultrasound, a large, abnormal 
fluid collection in the posterior fossa is associated with a 
small cerebellum and elevated tentorium and torcula 
(Fig. 34-18). Midsagittal imaging is important because 
prognosis is associated with the degree of vermian abnor-
mality as well as the presence of additional abnormali-
ties.133 Additional CNS anomalies occur in 50% to 70%, 
especially VM,129 brainstem dysgenesis, dysgenesis of the 
corpus callosum, migrational disorders, encephaloceles, 
and spina bifida. Somatic abnormalities occur in 20% to 
30%, including cystic kidneys, congenital heart disease, 
and facial clefts.

Classic DWM is uncommon and occurs in about 1 in 
30,000 pregnancies.133 It was initially believed that the 
DWM resulted from simple failure of fenestration of the 
foramina of Magendie and Luschka. Now it is believed 
to represent a more generalized abnormality following 
developmental arrest of the rhombencephalon at about 
7 to 10 weeks, with lack of fusion of the cerebellum in 
the midline and enlargement of the fluid spaces.128 It 
has a multifactorial etiology, and most cases are seen in 
association with genetic and nongenetic syndromes. 
Molecular genetic abnormalities have been found in 
some cases.124,143

C

A *

FIGURE 34-18. Dandy-Walker malformation 
(DWM) at 22 weeks. Midsagittal view shows a large cyst in 
the posterior fossa (*). The tentorium is elevated (arrow), and the 
cerebellum is virtually not visible. Fetuses with DWM usually 
have other midline abnormalities; this fetus has agenesis of the 
corpus callosum associated with an interhemispheric cyst (C); 
A, anterior.

The prognosis of DWM depends on associated abnor-
malities. Those with isolated findings do better, but  
outcomes are poor in those with associated CNS or 
somatic abnormalities. Neonatal mortality ranges from 
12% to 55%.129 Karyotype abnormalities occur in about 
15%, mainly in cases with associated abnormalities. In 
liveborn children, intelligence is normal in about 40%, 
borderline in 20%, and subnormal in 40%.129,133

The differential diagnosis includes other vermian 
dysplasias, Blake’s pouch cyst, and posterior fossa 
subarachnoid cysts. Arachnoid cysts displace an other-
wise normally formed cerebellum and frequently lie 
behind or above the cerebellum, and do not communi-
cate with the fourth ventricle. Investigation can include 
fetal MRI, assessment for maternal TORCH infection, 
chromosome analysis, microarray analysis, and consider-
ation of syndromic forms, including Walker-Warburg 
syndrome.
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bro-oculo-muscular syndrome, and pontocerebellar 
syndrome.124,127,128

Counseling is difficult. In one series, up to 50% of 
fetuses with the characteristic ultrasound findings of 
vermian dysplasia were functionally normal after deliv-
ery.107 In another series, autopsy did not confirm 55% 
of prenatally diagnosed cases. Ultrasound findings more 
likely to predict true abnormality were trapezoidal 
vermian defect, cisterna magna larger than 10 mm, and 
complete aplasia of the vermis. In contrast, normal cases 
tended to have a keyhole-shaped defect.126 Prenatal 
MRI is helpful but also has limitations. In one study, 
postnatal MRI failed to confirm prenatal MRI findings 
in 6 of 42 cases (5 vermian hypoplasia, 1 mega–cisterna 
magna) but found additional, mainly cerebral abnor-
malities in 10 of 42 cases (heterotopias, brainstem hypo-
plasia, lissencephaly, hemorrhage).131,142 Because of the 
diagnostic uncertainties, whenever vermian abnormality 
is suspected, additional anomalies should be sought and 
expert referral and MRI considered. Additional investi-
gation includes history, assessment for maternal TORCH 
infection, MRI, fetal chromosome analysis, and fetal 
molecular DNA analysis (microarray) if the chromo-
somes are normal.

Rhombencephalosynapsis

Rhombencephalosynapsis is a rare hypoplasia of the cer-
ebellum characterized by complete or partial absence of 
the vermis and fusion of the cerebellar hemispheres and 
dentate nuclei. Most cases are sporadic, although familial 
cases are described. Most die in childhood, but some 
survive into adulthood. Most survivors are neurologically 
delayed and have movement disorders.134,145,146

Rhombencephalosynapsis typically presents as hydro-
cephalus as early as 14 weeks, and VM may be the only 

Vermis Hypoplasia or Dysplasia

Vermis hypoplasia or dysplasia describes a conspicuous 
cleft separating the inferior parts of the cerebellar hemi-
spheres due to deficiency or absence of the lower part of 
the vermis. Controversy surrounds this appearance, which 
has been variously termed Dandy Walker variant, Dandy 
Walker continuum, vermian hypoplasia/dysgenesis/
agenesis, and Blake’s pouch cyst.127 The currently 
accepted term is vermian hypoplasia or dysplasia.

The vermis develops superiorly to inferiorly. Hypo-
plasia or developmental arrest results in varying-size defi-
cits of the inferior portion, leaving a relatively square 
defect that communicates with the fourth ventricle and 
separates the lower cerebellar hemispheres. Generally, 
the posterior fossa is not enlarged. Midsagittal scans, 3-D 
imaging, and MRI are important to evaluate the size and 
shape of the vermis, the shape of the fourth ventricle, 
and determine if the early fissures have developed20,138 
(see Fig. 34-17).

There are multiple diagnostic pitfalls. Hypoplasia or 
dysplasia should not be diagnosed prior to 18 weeks, 
before vermian development is complete.18 An abnor-
mally steep scanning angle may mimic a prominent cleft 
between the lower portions of the cerebellar hemi-
spheres.18,144 Axial scans may show a conspicuous notch, 
but when scanned in the midsagittal plane, the cerebellar 
vermis may be normal in size and appearance but may 
be simply rotated upward by a prominent Blake’s pouch 
cyst16 (see Fig. 34-6).

True cases of vermian dysplasia are usually associated 
with additional abnormalities similar to those seen  
with Dandy-Walker malformation, and these help 
confirm the diagnosis (Fig. 34-19). Vermian hypoplasia 
can be associated with several syndromes, including 
Joubert syndrome, Walker-Warburg syndrome, cere-
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FIGURE 34-19. Vermis dysplasia/hypoplasia. A, Axial view shows fetus at 20 weeks with cleft (*) separating the cerebellar 
hemispheres (arrowheads). B, Sagittal view shows the cerebellar vermis to be deficient in its inferior portion, with a fluid space in the 
expected region of the lower vermis; corpus callosum and cavum septi pellucidi (csp).
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urinary tract. Some have the VACTERL-hydrocephalus 
association.145,146

Vertebral abnormalities, anal atresia, cardiac abnor-
malities, tracheoesophageal fistula, renal agenesis, and 
limb defects.

The differential diagnosis of small vermis includes 
molar-tooth abnormalities (Joubert syndrome), Dandy-
Walker malformation, and vermian hypogenesis, but 
in these conditions there is a gap in the region of the 
vermis.145 Pregnancy termination is considered in prena-
tally diagnosed cases; newborns generally receive sup-
portive care.

Mega–Cisterna Magna

Mega–cisterna magna refers to an enlargement of the 
cisterna magna beyond 10 mm with intact vermis (Fig. 
34-20). When this is an isolated finding, almost all 

prenatally evident ultrasound finding. Cerebellar find-
ings may not be initially conspicuous on the usual axial 
views. The defining findings at ultrasound are a small, 
bean-shaped cerebellum that lacks the typical echogenic 
narrowing or “waisting” at the vermis and cerebellar 
hemispheric fissures, which are continuous from side to 
side without midline interruption. Midsagittal views 
show absence of the typical vermian fissures and may 
show an abnormally shaped fourth ventricle. These find-
ings are more readily seen on MRI.134,145,146

Additional cerebral and somatic abnormalities are 
common. Cerebral findings primarily involve midline 
structures and include aqueductal stenosis (thus hydro-
cephalus), agenesis of the corpus callosum, absent 
septum pellucidum, and septo-optic dysplasia. 
Somatic abnormalities include segmentation errors of 
the spine, phalangeal and radial ray defects, and occa-
sional defects of the cardiovascular, respiratory, and 
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FIGURE 34-20. Mega–cisterna magna with and without 
associated anomalies. A, Mega–cisterna magna and cerebellar 
hypoplasia at 25 weeks. The cisterna magna measured 11 mm (calipers 
x). The cerebellum (calipers +) is small and under the tenth percentile. 
This fetus has cerebellar hypoplasia associated with olivopontocerebellar 
(OPC) dysplasia. B, Abnormal hand position caused by neurologic 
deficit with OPC dysplasia. The metacarpophalangeal joints were in 
fixed hyperextension (arrow) and fingers in fixed flexion. All fetal limb 
movements were abnormal. C, In a different fetus, mega–cisterna magna 
and otherwise normal-appearing brain on sagittal T2-weighted MR 
image.
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Walker malformation, inferior vermian hypoplasia, 
mega–cisterna magna, and Blake’s pouch cysts. The 
differential diagnosis of supratentorial cysts includes 
cavum veli interpositi, aneurysm of vein of Galen, 
hemorrhage, and cystic tumors. Pediatric neurosurgical 
opinion is important in evaluating and counseling these 
patients, many of whom require no treatment. Midline 
cysts can accompany dysgenesis of the corpus callosum. 
Therefore, when a supratentorial cyst is seen, it is impor-
tant to evaluate the entire corpus callosum.15,36,128,150,151

Malformations of  
Cortical Development

Malformations of cortical development are a heteroge-
neous collection of conditions involving disturbances in 
the normal proliferation, migration, and organization of 
neurons. Etiologies include intrinsic abnormalities in the 
genes controlling brain development or extrinsic causes 
that affect normal gene functions, such as maternal  
diseases (phenylketonuria), teratogens (anoxia, drugs, 
x-rays), and fetal infections. Often, etiology cannot be 
determined.21,152-155 The final brain appearance and func-
tional outcome relate to both the gene abnormality and 
the time of the insult. The responsible genes often func-
tion in many different body structures apart from the 
brain. As a result, abnormalities may be found in seem-
ingly unrelated organs, as in thanatophoric skeletal 
dysplasia, where abnormal function of the FGFR3 gene 
causes both cortical brain malformations and skeletal 
abnormalities.156 The detection of malformations of cor-
tical development requires familiarity with normal devel-
opmental appearances and examination targeted to 
suspected changes. MRI is helpful, and multidisciplinary 
consultation is important for optimal prenatal assess-
ment and counseling.

Barkovich et al.152 have classified malformations of 
cortical development based on the stage of development 
(cell proliferation, neuronal migration, cortical organiza-
tion) at which cortical development was first affected. 
The categories are based on known developmental steps, 
known pathologic features, known genetics (when pos-
sible), and neuroimaging features. All the conditions 
share variable degrees of thickened, disorganized cortical 
neuronal layers and alterations in sulcal and gyral pat-
terns. The current classification is acknowledged to be 
neither perfect nor complete and is subject to updating; 
new genes and gene functions are regularly being 
discovered.

Microcephaly

Microcephaly implies a disproportionately small head for 
fetal age and body size. Precise diagnostic definition is 
difficult, but generally, microcephaly is diagnosed if the 
head circumference less than 3 SD below the mean for 
age and gender. Some suggest using 2 SD, but this will 

children (97%-100%) are normal.25 However, if not 
isolated, only 11% have normal outcome. The majority  
of nonisolated cases have VM, congenital infection,  
or karyotype abnormalities, especially trisomy 18.147,148 
With aneuploidy, the ventricles are often of normal 
size.149 When a large cisterna magna is found, there 
should be a careful search for other abnormalities.

Other Posterior Fossa Abnormalities

The vermis receives a disproportionate degree of discus-
sion because vermian abnormalities are relatively easily 
seen at routine second-trimester ultrasound. Numerous 
other, difficult-to-detect or late-appearing abnormalities 
also involve the posterior fossa. These include hypopla-
sia, clefts, changes related to ischemia, bleed and infarct, 
cortical migration disorders (type II cobblestone lissen-
cephaly), metabolic disorders, and miscellaneous neuro-
degenerative disorders.123,124,130,141

Arachnoid Cysts

Arachnoid cysts are benign, noncommunicating fluid 
collections within arachnoid membranes. Most appear 
stable and require no surgical treatment. They can occur 
intracranially and in the spinal canal. Locations by order 
of frequency are the sylvian fissure or temporal fossa, 
posterior fossa, over the cerebral convexity, and midline 
supratentorial, including suprasellar (Fig. 34-21). Even 
if very large, arachnoid cysts rarely cause symptoms. 
Occasionally they interfere with CSF circulation and 
require decompression. Arachnoid cysts in the suprasellar 
region may be associated with pituitary dysfunction. The 
differential diagnosis depends on the location. Arachnoid 
cysts in the posterior fossa can be confused with Dandy-

A

FIGURE 34-21. Arachnoid cyst (A) in the supratentorial, 
interhemispheric position at 25 weeks.
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CLASSIFICATION OF 
MALFORMATIONS OF CORTICAL 

DEVELOPMENT (MCD)

ABNORMAL NEURONAL PROLIFERATION 
OR APOPTOSIS
Abnormal brain size

Microcephaly
Macrocephaly
Hemimegalencephaly

Tumorlike conditions

ABNORMAL NEURONAL MIGRATION
Type 1: lissencephaly and subcortical band 

heterotopia
Type 2: cobblestone lissencephaly and complex or 

congenital muscular dystrophy

HETEROTOPIA

ABNORMAL CORTICAL ORGANIZATION
Polymicrogyria
Schizencephaly

MCD NOT OTHERWISE CLASSIFIED
Secondary to inborn errors of metabolism
Other

Modified from Barkovich AJ, Kuzniecky RI, Jackson GD, 
et al. A developmental and genetic classification for 
malformations of cortical development. Neurology 
2005;65:1873-1887.
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FIGURE 34-22. Microcephaly. A, Parasagittal view at 20 weeks shows the cerebrum to be very small and smooth (arrow). The 
subarachnoid fluid is increased (*). Tentorium is visible (arrowhead). Biparietal diameter (BPD) was only slightly smaller than expected 
for dates, but the scan clearly shows the small brain (micrencephaly). B, Coronal view of a different fetus with a small head shows abnormal 
brain texture and multiple calcifications (arrows) initially thought to indicate infection, but infection tests were negative, and ultimately 
a mitochondrial abnormality was diagnosed.

include many normal individuals. Incidence at birth 
ranges from 1 in 6250 to 8500.157 Small head size can be 
associated with subnormal mental ability; the smaller the 
head circumference, the lower the performance level. The 
diagnosis implies failure of brain development (micren-
cephaly) following a great variety of prenatal causes, 
including genetic, environmental, asphyxia, infectious 
(CMV), maternal phenylketonuria, drugs (e.g., fetal 
alcohol syndrome), syndromes (e.g., Smith-Lemli-
Opitz, Cornelia de Lange), and irradiation.21,152,158,159 
At pathologic examination, the brain may be small but 
normal in appearance, or it may have diverse findings, 
including porencephaly, abnormal gyri, absent corpus 
callosum, and VM. Associated CNS and non-CNS 
abnormalities are common.158

Microcephaly must be suspected if the hydrocephalus 
is more than 3 SD below the mean for gestational age. 
Other findings include abnormal head/abdomen cir-
cumference ratio, sloping forehead, and small frontal 
lobe size157,160-162 (Fig. 34-22). Measurements alone have 
only a limited ability to diagnose microcephaly. In one 
study, only 4 of 24 fetuses with small measurements had 
the diagnosis confirmed at delivery.161

When a smaller-than-expected fetal head is encoun-
tered, there should be a careful search for cerebral and 
other anomalies that would help to confirm clinical 
importance. Examination of the brain often is difficult 
because the cranial bones become closely approximated 
and hinder visibility. MRI is helpful to depict the  
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members who had large heads.169-172 Most children are 
functionally normal.173

When the head measurements are larger than expected 
(macrocephaly), there should be a careful search for 
intracranial abnormalities.5 Prenatal diagnosis of true 
megalencephaly (bilateral cerebral giantism with other-
wise normal-appearing brain) would only be possible if 
dates have been established in early pregnancy, and 
asymmetrical IUGR thus can be excluded.21 Prenatally 
suspected cases should be thoroughly evaluated, includ-
ing MRI, and counseled by a multidisciplinary team.165

Hemimegalencephaly

Hemimegalencephaly is a malformation of cortical 
development with hamartomatous enlargement of one 
hemisphere. Most cases are sporadic and of unknown 
etiology. It may be isolated or associated with neurocu-
taneous and somatic hemihypertrophy syndromes. The 
affected hemisphere and ventricle are enlarged and have 
abnormal texture and sulcation. The unaffected hemi-
sphere is generally normal but distorted due to compres-
sion. Functional deficiency and seizures are common, the 
latter on occasion requiring hemispherectomy.174-176

Lissencephaly

Lissencephaly describes a brain surface that is smooth 
and lacks the normal sulci and gyri. It follows a global 
disturbance in neuronal migration.27,40,177 The most 
severe manifestation is a completely smooth cortex 
lacking gyri (agyria), but some cases show large, mal-
formed gyri (pachygyria). There are two types, caused 
by fundamentally different mechanisms. In type 1 lis-
sencephaly, neurons fail to migrate to the cortex. In type 
2 lissencephaly, the neurons do not stop at the cortical 
surface and overmigrate into the subarachnoid mem-
branes, resulting in “cobblestone cortex.” Both types are 
etiologically heterogeneous and related to many gene 
mutations, with additional CNS and somatic abnormali-
ties.40,152,178,179 Previously it was thought that diagnosis 
was not possible before 28 weeks, but familiarity with 
the stages of sulcal development has allowed diagnosis of 
type 1 (Miller-Dieker syndrome) by 23 weeks.27,177 
Severe cases of type 2 (Walker-Warburg syndrome) 
may be evident even earlier, and an at-risk fetus has been 
suspected at 12 weeks.180

Type 1, or classical lissencephaly, manifests as a 
smooth cortex and hourglass-shaped brain with mild 
VM, a primitive insula and delayed or absent sulcation 
and sparing of the cerebellar vermis, and abnormal corti-
cal vascularity (Fig. 34-24). There are several variants. 
The more common Miller-Dieker syndrome with  
gene abnormality at 17p13.3 (LIS1) typically has con-
genital heart disease, omphalocele, genitourinary 
abnormalities, IUGR, and dystrophic facies. In the 
X-linked type 1 lissencephaly, the girls may function 

cerebral parenchyma and associated abnormalities. The 
diagnosis has been made as early as 15 weeks in pregnan-
cies known to be at risk, but microcephaly may not be 
evident until late in pregnancy when the head size fails 
to grow normally.5,163,164 Prenatally suspected cases 
should be thoroughly evaluated, including MRI, and 
counseled by a multidisciplinary team.165 Additional 
investigation can include assessment for maternal 
TORCH infection, fetal chromosome analysis for muta-
tion in chromosome 17.3, and if the chromosomes are 
normal, then microarray analysis may be considered.

Macrocephaly and Megalencephaly

Macrocephaly implies a large head with the occipito-
frontal circumference above the 98th centile for gesta-
tional age. Megalencephaly refers to cerebral gigantism, 
or enlarged brain, and is rare. It can be isolated or seen 
with many conditions, such as overgrowth syndromes 
(Beckwith-Wiedemann, Sotos, Weaver), skeletal dys-
plasias (thanatophoric dysplasia, achondroplasia), and 
neurocutaneous syndromes (neurofibromatosis type 
1).21,165-168

Benign familial macrocephaly (external hydroceph-
alus) accounts for about 50% of cases of macrocephaly. 
It is an autosomal dominant condition with increased 
subarachnoid fluid (Fig. 34-23). It typically presents late 
in pregnancy or even after delivery, but has been seen as 
early as 18 weeks when there is a history of other family 

FIGURE 34-23. Benign familial macrocephaly. These 
cases often present at term or postnatally. Postnatal CT scan shows 
the subarachnoid fluid to be increased and traversed by normal 
arachnoid vessels (arrow). These vessels help to differentiate this 
generally benign condition from subdural bleeds. (Courtesy Dr. 
Charles Raybaud, Hospital for Sick Children, Toronto.)
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Heterotopia describes localized clusters of disorga-
nized neurons in abnormal locations anywhere in the 
brain. It is very common and has heterogeneous etiology. 
Cases can be isolated or associated with many different 
syndromes. Intraparenchymal nodules can be difficult  
to recognize by ultrasound. Subependymal periventri-
cular heterotopia manifests as nodular ventricular con-
tours181,183-185 (Fig. 34-27). Affected children may be 
normal or may have variable deficits and epilepsy.

Pachygyria describes large, abnormal disordered sulci 
and gyri that can accompany different syndromes.

Schizencephaly (split brain) is a rare structural mal-
formation of the cerebrum characterized by congenital 
clefts or defects that are usually symmetrical and involve 
the parietal or temporal brain. The clefts are lined by 
cortical gray matter, unlike porencephaly, where white 
matter lines the clefts. Etiology can be destructive 
(encephaloclastic) or developmental. Destructive etiol-
ogies include vascular injury, teratogen exposure (e.g., 
cocaine), infections (especially CMV), and trauma,  
and appearances can be similar to porencephaly or 
hydranencephaly. Developmental cases arise from disor-
dered neuronal migration and organization and are con-
sidered to be related to polymicrogyria. The tracts may 
be open (open lip), allowing CSF communication 
between the ventricle and subarachnoid space, or may 
be solid (closed lip, consisting of an abnormal, solid 
gray matter tract between the ventricle and brain 
surface).152,186-188 Most cases are found in late pregnancy 
during investigation of VM, but a case was reported at 
23 weeks.188 The diagnosis rests on detection of the 
cerebral clefts or abnormal gray matter traversing from 
ventricle to cortex (Fig. 34-28). Midline brain defects 
may occur, including septo-optic dysplasia, dysgenesis of 
the corpus callosum, and absence of the septi pellucidi. 
Fetal MRI allows superior delineation of upper cortex 
and gray matter.11,152,187,188 Neurodevelopmental delay 
and seizures are common. Prognosis relates to the size of 
the defect. Suspected cases benefit from multidisciplinary 
consultation and counseling.187,189,190

Other Malformations  
of Cortical Development

Cortical malformations can accompany infections, 
inborn errors of metabolism (e.g., peroxisomal disor-
ders), mitochondrial disease, and conditions with 
unknown etiology.21,152 Many metabolic conditions are 
associated with abnormal brain development.191-193 All 
these are rarely encountered prenatally. The most 
common is Zellweger (cerebrohepatorenal) syndrome, 
which is lethal and has multiple abnormalities, including 
neuronal impairment, hepatic disorders, cystic renal 
malformations, and chondrodysplasia punctata. It may 
manifest in the first trimester as nuchal thickening194 and 
in the second trimester as VM, cortical renal cysts,  
and hepatomegaly. Third-trimester changes include 

normally despite “double cortex” cerebral changes that 
can be seen with MRI, but boys do poorly.27,152,177,181

Type 2, or cobblestone lissencephaly, is associated 
with malfunction of genes that also function in muscle 
development (e.g., POMT1/2, FKRP, FKTN). The 
conditions are grouped with congenital muscular dys-
trophy. These infants typically have additional CNS and 
somatic abnormalities and lack muscle tone at birth. The 
most severe phenotype, Walker-Warburg syndrome, is 
also called HARD-E for hydrocephalus, agyria, retinal 
dysplasia, and/or encephalocele. Less severe phenotypes 
include Fukuyama syndrome and muscle-eye-brain 
disease.11,40 Ultrasound changes may be evident by 20 
weeks and include VM and absent, delayed, or abnormal 
sulcal development; cerebellar vermian dysplasia; eye 
abnormalities; small encephalocele; and abnormal brain-
stem27 (Fig. 34-25). Fetal MRI and gene mutation analy-
sis can help confirm the diagnosis. Postnatal outcome is 
poor.10,40,152,155,182

Focal Cortical Changes

Focal cortical changes typically manifest late and are 
difficult to detect with ultrasound.181 They are typically 
found at MRI in fetuses referred for evaluation of other 
abnormalities initially detected by ultrasound.

Polymicrogyria is characterized by numerous small, 
abnormal gyri with variable distribution. It is the  
most common cortical malformation in children pre-
senting with epilepsy. Polymicrogyria may be isolated or 
associated with many genetic and acquired conditions. 
Presentation typically is in late pregnancy but can be 
seen in the midtrimester (Fig. 34-26; see also Fig. 34-8).

26 w

FIGURE 34-24. Type 1 lissencephaly (Miller-Dieker 
syndrome) in 23-week fetus. Note the mild ventriculo-
megaly and lack of sulcal formation. The insula is very smooth 
and shallow (arrow) and lacks the angular plateau appearance 
expected at this age.
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FIGURE 34-25. Type 2 lissencephaly (cobble-
stone cortex, Walker-Warburg phenotype) at 
21 weeks. A, Coronal view shows the large, smooth ven-
tricles and the very small brainstem (arrow). B, Defect in 
vermis (arrow). C, Midsagittal view shows the “Z” kink in 
the brainstem (arrow), which represents failure of brainstem 
to straighten and lose the early embryologic flexures, nor-
mally occurring after 12 to 13 weeks. Also, the cerebellar 
vermis is very small (arrowhead). The third ventricle is mal-
formed. The corpus callosum (cc) is malformed and extremely 
elevated. There is a minute occipital encephalocele (open 
arrowhead). This fetus also had eye abnormalities. D, In a 
different fetus at 36 weeks, transvaginal scan shows smooth 
cortex, abnormal for this gestational age. E, Coronal 
T2-weighted MR image shows the smooth cortex and abnor-
mal bands of high signal intensity in the parenchyma. Note 
the prominent extra-axial CSF spaces.
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(de novo) mutation. Epilepsy and neurologic impairment 
are common. Morbidity and mortality predominantly 
relate to CNS and renal disease. The diagnosis is made 
clinically based on a list of findings, including tubers, 
subependymal nodules, giant cell astrocytomas, cardiac 
rhabdomyomas, and renal angiomyolipomas.196

Prenatal diagnosis generally is made in late pregnancy 
after discovery of echogenic cardiac rhabdomyomas  
and demonstration of subependymal nodule or cortical 
tubers on neurosonography or MRI (Fig. 34-29). In 

abnormal gyration, periventricular leukodystrophy, and 
subependymal pseudocysts.195 The diagnosis can be 
confirmed by DNA and biochemical testing of fetal cells 
obtained by chorionic villus sampling (CVS).194

Tuberous sclerosis (TSC) is a multisystem, hamarto-
matous condition with abnormal proliferation of anoma-
lous cerebral cell types. There is notable involvement of 
the brain, skin, heart, and kidneys. It is autosomal domi-
nant, and two genes have been discovered to date, TSC1 
and TSC2. However, about 70% of cases represent a new 
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C D

FIGURE 34-26. Polymicrogyria. A, Irregular appearance to the cortex and cortical calcification (arrow) on coronal transvaginal 
sonogram at 25 weeks. B and C, Coronal and axial T2-weighted MR images show sawtooth appearance to the cortex at 25 weeks. Note 
how the calcifications were better visualized on the sonogram than on MRI. D, Polymicrogyria at 30 weeks’ gestational age. Note promi-
nent extra-axial CSF.
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neural commissures connecting the cerebral hemispheres. 
The corpus callosum starts to develop at about 12 weeks 
from the lamina terminalis near the anterior end of the 
third ventricle, as a bundle of fibers connecting the left 
to the right hemisphere, and becomes detectable by 
about 15 weeks and complete by 20 weeks. It develops 
in an anteroposterior manner, beginning anteriorly with 
the rostrum and then forming the genu, body, and 
finally the splenium posteriorly.14,23,111,198 The normal 
corpus callosum measures 17 mm at 18 weeks and grows 
to 44 mm by term. There is no gender difference in 

at-risk fetuses, MRI has shown lesions as early as 21 
weeks.197 In at-risk families, if the abnormal gene is 
known, diagnosis is possible using CVS or amniocente-
sis. Diagnosis in other suspected cases may be aided by 
looking for subtle manifestations of TSC in the parents.

Agenesis/Dysgenesis of  
Corpus Callosum

These disorders describe abnormalities of the develop-
ment of the corpus callosum, which is the largest of the 

A B

FIGURE 34-27. Periventricular nodular heterotopia and agenesis of the corpus callosum ACC). A, In fetus 
with ACC at 31 weeks, note the very nodular lining of the ventricle wall (arrow). This represents accumulations of neurons that have 
failed to migrate to the cortex. Note the separation of the hemispheres and abnormal alignment of interhemispheric sulci (arrowheads). 
B, Transverse T2-weighted MR image in a different fetus at 35 weeks shows ACC and nodular heterotopias (arrows).

A B

FIGURE 34-28. Open-lip schizencephaly. A, There are large gaps in the parietal regions with no brain tissue at the periphery 
(arrowhead). There is partial sparing of the frontal and occipital regions. B, Coronal T2-weighted MR image in a different fetus with 
absent septal leaflets (absent septum pellucidum) shows region of schizencephaly (arrow).
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individuals. It may be an isolated abnormality with  
very little functional disturbance, but most cases have 
additional problems. Additional CNS abnormalities 
occur in up to 80%, especially Dandy-Walker malfor-
mation, inferior vermian hypoplasia, and abnormal neu-
ronal migration. Somatic and metabolic abnormalities  
are seen in up to 60%, including face, congenital  
heart disease, and skeletal and genitourinary abnorma-
lities. The high incidence of associated malformations  

length, but the corpus callosum is thicker in girls.199-201 
Corpus callosum development is associated with the 
development of the leaflets of the cavum septi pellucidi 
(CSP).23 When the septal leaflets are present, at least the 
anterior portion of the corpus callosum has formed.

Agenesis of the corpus callosum (ACC) may be 
complete or partial, developmental or acquired.111,198 
The prevalence of ACC in neonates is about 3:1000  
to 7:1000, but is higher in developmentally disabled 
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FIGURE 34-29. Tuberous sclerosis at 30 weeks on MRI. A, Typical hamartoma, or giant-cell tumor, is visible at the 
foramen of Monro indenting the anterior frontal horn of the lateral ventricle (arrow). Both ventricles are dilated. B, Rhabdomyomas 
involving the heart are visible as echogenic cardiac masses in the left and right ventricles (arrows). C and D, Subependymal hamartomas 
in a different fetus with cardiac rhabdomyomas. Sagittal views demonstrate low-signal-intensity lesions projecting into the body and 
temporal horn of the lateral ventricles. These subependymal tubers were not identified sonographically. (C and D from Levine D. MR 
imaging of fetal brain and spine. In Magnetic resonance imaging of the brain and spine. Philadelphia, Lippincott 2008.)
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suggests that ACC is part of a widespread developmental 
disturbance.111,198,202

Developmental disturbances after the corpus callosum 
has started to form usually interrupt the formation of the 
more posterior parts of the corpus callosum, but insults 
after callosal development is complete can cause second-
ary atrophy of previously developed central portions. 
Because callosal development is not complete until 20 
weeks, early diagnosis of ACC may be difficult.111,198,203 
The key to early diagnosis is the cavum septi pellucidi 
(CSP), which is generally seen by 17 weeks.2 If the 
cavum of the septum pellucidum is absent or has an 
abnormal shape, ACC and other malformations should 
be suspected. In the second trimester, however, ACC can 
easily be missed.29,204 Ultrasonic appearances are subtle 
on axial scans (Fig. 34-30; see also Fig. 34-27; Videos 
34-7 and 34-8).

Once the diagnosis is suspected, coronal and parasag-
ittal views and 3-D ultrasound help to confirm the diag-
nosis. On coronal views the third ventricle is elevated; 
the medial walls of the anterior horns are indented from 
their medial aspect by the bundles of Probst (buildup of 
fibers that failed to cross midline; Viking horn configura-
tion). As a result, on the coronal view the anterior horns 
configuration changes from V to U (Viking horn appear-
ance), and an interhemispheric cyst may be present. On 
parasagittal views the corpus callosum is absent, and in 
the third trimester the sulci on the interhemispheric 
brain surface show a “sunburst’’ orientation radiating 
from the thalamus.111,198 Before about 24 weeks, the 
metopic suture of the frontal bone and anterior fonta-
nelle offer a clear window for visualizing the corpus 
callosum. Multiplanar 3-D ultrasound scanning is 
helpful to obtain midsagittal views, but attention should 
be paid to identifying the actual corpus callosum, not 
only the pericallosal sulcus.205,206 If the head is deep 
in the pelvis, transvaginal scans can provide especially 
clear views. Color flow Doppler scans can be used to 
demonstrate an abnormal course of the cingulate and 

pericallosal arteries. Normally these vessels follow the 
contour of the calloso-marginal sulcus, but with ACC 
they assume a more radial course. Occasionally, fetuses 
with callosal abnormalities develop interhemispheric 
cysts or a midline lipoma. MRI is helpful to confirm the 
diagnosis and search for additional, subtle abnormalities, 
such as migrational disorders.111,183,198,204

Pitfalls in sonographic interpretation include mistak-
ing the high position of the third ventricle, other fluid 
spaces, and the fornices for the cavum of the septum 
pellucidum. If the axial head views do not show the 
normal appearance of the septal leaflets, additional views 
can be obtained to evaluate the corpus callosum.207 Also, 
the corpus callosum is hypoechoic, but the surrounding 
pericallosal sulcus is echogenic. On 3-D reconstructions, 
some authors have incorrectly labeled the echogenic peri-
callosal sulcus as the corpus callosum. Lipomas associ-
ated with callosal dysgenesis are echogenic and can 
parallel the superior margin of the corpus callosum. Care 
must be taken to correctly identify structures on 3-D 
reconstructions.184,205

Investigation of suspected cases includes detailed ultra-
sound, karyotype (chromosomal abnormalities occur in 
about 10%), microarray, screen for TORCH infections, 
and MRI. Prognosis relates to the associated anomalies. 
The prognosis for isolated ACC can be good, but up to 
15% to 36% will develop problems that may not become 
apparent until later in life. If other anomalies are detected, 
outcome is poor.183,198,202,208,209

Absence of Septi Pellucidi and 
Septo-Optic Dysplasia

Septal agenesis is rare and occurs in about 2 to 3 per 
100,000 pregnancies. It may be isolated but more often 
is seen in association with other developmental abnor-
malities, such as septo-optic dysplasia, ACC, holopros-
encephaly, and malformations of cortical development.111 
Septo-optic dysplasia (SOD; De Morisier syndrome) 
is heterogeneous in etiology and appearance. It manifests 
as variable degrees of hypoplasia of the optic nerves, 
absence of septi pellucidi, pituitary hypoplasia, and 
endocrine defects. The prognosis is variable and includes 
disturbed vision and hypothalamic-pituitary insuffi-
ciency, including growth deficit and diabetes insipi-
dus.111,210 At ultrasound, there is absence of the septi 
pellucidi. On coronal views the frontal horns are squared 
with inferior pointing. Differentiation from mild degrees 
of holoprosencephaly can be difficult. In holoprosen-
cephaly the fornices are more likely to be fused. Multi-
planar 3-D and MRI are helpful.

Intracranial Calcifications

Fetal intracranial calcifications are rare. They usually 
occur late in gestation (see Figs. 34-22, B; 34-26, A; and 
34-31, A), are often associated with fetal infections, and 

ULTRASOUND FINDINGS OF ABSENCE 
OF CORPUS CALLOSUM

Mild ventriculomegaly (VM) with very thin anterior 
horns and pointing (teardrop shape = 
colpocephaly).

Ventricles are parallel.
Too many lines between hemispheres on axial 

views (3 lines = falx + medial surface of each 
hemisphere).

Cavum septi pellucidi is absent.
Too many sulci perpendicular to the 

interhemispheric fissure (hairy midline).
Third-trimester midsagittal view shows radial 

orientation of sulci from the thalamus (sunburst 
appearance).
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FIGURE 34-30. Agenesis of corpus callosum (ACC). A, Ventricular view at 21 menstrual weeks shows characteristic borderline 
dilation of occipital ventricle (arrow) and pointed, slightly spread anterior horns. This “teardrop” ventricle configuration is called colpo-
cephaly. The midline fluid space (arrowhead) is the elevated dilated third ventricle, which should not be mistaken for the cavum septi 
pellucidi, which should be more rectangular and is absent in fetuses with ACC. B, Coronal view through the anterior ventricles (arrows) 
shows that the frontal horns have a U or “Viking horn” configuration instead of the normal V orientation. The hemispheres are excessively 
separated from the falx (arrow), and the septal leaflets are absent. C, Axial ventricular view at 33 weeks demonstrates ventriculomegaly 
and too many sulci perpendicular to the interhemispheric fissure (arrows), the axial correlate of the “sunburst’’ sign. D, Transverse 
T2-weighted MR image at 29 weeks shows colpocephaly with teardrop-shaped ventricles and parallel orientation of the frontal horns. E, 
Coronal MR image in a different fetus at 30 weeks shows the vertical orientation of the frontal horns and lack of crossing fibers of the 
corpus callosum. F, Sagittal view from fetus at 31 weeks with partial ACC shows the sunburst pattern posteriorly, where interhemispheric 
sulci extend farther inferiorly than normal due to lack of corpus callosum.
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meat and animals, particularly cats and cat litter) and 
herpes simplex.63, 216 The severity of injury often relates 
more to the age when infection first occurred and affected 
brain development than to the specific organism.63

Cytomegalovirus, the most common infection, 
affects about 0.2% to 2.0% of live births. CMV is typi-
cally acquired through contact with people, especially 
children, because CMV is prevalent in the population. 
After maternal infection, transmission to the fetus ranges 
from 25% to 70%. Even supposedly immune mothers 
may still infect their fetus. Fetal infection varies from 
mild to severe. About 60% of infected fetuses are symp-
tomatic to varying degree. Of these, 20% die. Among 
survivors, 90% develop neurologic sequelae of possibly 
late onset.217

Early-onset infections before 20 weeks can result in 
malformations of cortical development, striking periven-
tricular echoes and cysts, calcifications, schizencephaly, 
thalamostriate vessel echogenicity, and abnormalities  
of the corpus callosum and cerebellum (Fig. 34-32). 
Infections acquired in later pregnancy generally have 
normal cortical appearances but may also develop peri-
ventricular and parenchymal echogenicity, as well as 
IUGR, hydrops, hepatosplenomegaly, and large or 
small placenta.

The general consensus is that ultrasound plays a 
limited role in the prenatal diagnosis of CMV because 
it is only about 20% sensitive. However, positive ultra-
sound findings predict infection in about 80%, and 
major findings such as microcephaly, cortical malfor-
mations, and parenchymal lesions strongly predict a 
poor prognosis.212,218,219 Investigation of fetuses with 
suggestive cerebral findings includes maternal history, 
TORCH screen, and amniocentesis (for CMV and par-
vovirus B19), although these tests are not completely 
accurate.218,220 Treatment depends on the etiology of 
the infection. For example, with toxoplasmosis, success-
ful antimicrobial treatment postnatally can decrease  
the size of the calcifications and improve neurologic 
status.221

Vascular Malformations

A variety of vascular abnormalities involve the fetal 
brain. The most common is aneurysm of vein of Galen, 
which describes dilation of the vein in association with 
a spectrum of arteriovenous malformations, some of 
which may be pial.216,222,223 Typically, prenatal ultra-
sound shows an elongated anechoic structure behind the 
thalamus in the expected region of the vein of Galen, 
with flow on color Doppler (Fig. 34-33). Findings of 
high-output cardiac failure may include prominent neck 
veins, edema, and hydrops.216,223,224

The dilated vein may be the vein of Galen but often 
is a persistent dilated prosencephalic vein of Markowski 
or falcine sinus, the course of which is not into the 
straight sinus but rather cephalad in the falx to the  

suggest a poor prognosis. Anatomically, calcifications 
occur in areas of cell necrosis and may line ventricles or 
occur in the parenchyma. Associated severe CNS changes 
are common, including microcephaly, VM, intracranial 
hemorrhage, and porencephalic cysts. Differential diag-
nosis includes intrauterine infections (especially CMV 
and toxoplasmosis), teratoma, tuberous sclerosis, Sturge-
Weber syndrome, and venous sinus thrombosis.211,212

Branching linear densities are described in the thalami 
and basal ganglia. These represent mineralization of the 
thalamostriate vessels (Fig. 34-31). Some believe these 
relate to calcification, whereas others suggest mineral 
deposits such as iron.213 These mineralized densities may 
be seen in normal fetuses but also occur in association 
with many conditions, including infection (CMV, 
rubella, syphilis), aneuploidy (especially trisomy 13), 
alcohol, asphyxia, twin-twin transfusion, dysmorphism, 
and congenital disorders.211,213-215

Infections

A variety of organisms can cross the placenta and infect 
the fetus causing encephalitis, variably followed by 
microcephaly, VM, calcifications, and malformations of 
cortical development. The TORCH group is seen most 
often, but other organisms include varicella, congenital 
lymphocytic choriomeningitis, parvovirus B19, echo-
virus, and parasites. About 5% of VM has been attrib-
uted to infections. CMV is the most common infection, 
followed by toxoplasmosis (Toxoplasma gondii is a pro-
tozoan parasite acquired through contact with uncooked 

FIGURE 34-31. Echogenic mineralized thalamostri-
ate vessels (arrow). These form an echogenic arborizing 
(branching) pattern in the thalamus and may be seen in normal 
fetuses but can be associated with many fetal conditions.
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aly.223 Postnatal treatment includes hemodynamic stabi-
lization and angiographic embolization as needed.216,224

Thrombosis of Dural Sinuses

Thrombosis in dural sinuses can be idiopathic (40%), 
but cases can be seen with hypercoagulable states such 
as trauma, infection, polycythemia, and deficiency of 
physiologic anticoagulants (e.g., antithrombin protein 
C, protein S, factor V Leiden). Ultrasound typically 
reveals an echogenic mass (the thrombus) surrounded by 
a hypoechogenic area in the region of the venous sinuses, 
generally near the torcula and associated with absence of 

superior sagittal sinus.225 The differential diagnosis 
includes cystic lesions such as arachnoid cyst, cavum veli 
interpositi, hematoma, and pineal tumor. Doppler 
examination establishes the diagnosis.216,224

Arteriovenous malformations frequently result in 
cardiac overload and heart failure in utero and post-
natally.216 Of prenatally diagnosed cases, 50% die prena-
tally or in early childhood, generally from progressive 
heart failure. Variable neurodevelopmental sequelae were 
found in 10%, and about 25% had normal develop-
ment. Prognosis of prenatally detected cases is poor if 
additional findings are present, including hydrops and 
cerebral changes such as VM, edema, and porenceph-
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FIGURE 34-32. Fetal cytomegalovirus (CMV) infection at 28 weeks. A, CMV infection shows enlarged ventricles with 
thick, calcified walls (straight arrows). There is also calcification in the brainstem (curved arrow). B, Hepatosplenomegaly compressing the 
fetal stomach helps confirm fetal infection; LIV, liver; S, spleen.
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FIGURE 34-33. Vein of Galen aneurysm. A, Midsagittal view shows a hypoechoic “cyst” (arrow) behind the brainstem and 
under the splenium of the corpus callosum (cc); cb, cerebellum. At first glance it could be mistaken to be a cavum veli interpositi. B, Color 
Doppler examination shows the extensive vascularity due to the arteriovenous malformation associated with this dilated vein.
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leukomalacia. Subdural hemorrhages appear as an echo-
genic collection underlying the skull and compressing 
the adjacent brain.227,228

The prognosis varies greatly and depends largely on 
fetal age, extent of injury, and underlying factors. About 
50% die in utero or shortly after birth, and about half 
the survivors have deficits. As expected, some with mild 
changes may resolve completely, and more severe (grade 
3-4) changes and cerebral changes predict a poor outcome. 
Ultrasound can accurately diagnose bleeds, but MRI  
can more accurately define the extent of the lesion and  
may demonstrate additional ischemic changes in white 
matter.227,228 Investigation of suspected cases includes 
trauma and drug history, as well as maternal screen for 
antiplatelet antibodies and thrombophilia.227,228

Hydranencephaly

Hydranencephaly is a rare disorder in which almost all 
the cerebral hemispheres in the approximate distribution 
of the supraclinoid middle cerebral artery are absent and 
replaced by CSF and debris covered by a thin, membra-
nous sac. There is partial sparing in the distribution of 
the anterior and posterior cerebral arteries, including 
portions of the frontal, temporal, and occipital lobes. The 
basal ganglia and thalami are hypoplastic, but the brain-
stem and cerebellum are intact. Cases are sporadic, with 
an incidence of about 1 in 5000 pregnancies. Many 
consider hydranencephaly as the most severe form of 
porencephaly following occlusion of the internal carotid 
artery or middle cerebral artery. The exact predisposing 
cause is unknown but may be associated with infections, 
toxins, hypoxic conditions, and trauma and may be a 
complication of twin-twin transfusion syndrome.231-233

At ultrasound, the cerebrum is replaced by mildly 
echogenic fluid, and the parietal cerebral cortex is absent. 
Partial sparing is evident in the frontal and occipital 
lobes (Fig. 34-36). The falx is present but may be hypo-
plastic. Posterior fossa structures appear normal. Most 
cases are found in late pregnancy, but cases have been 
described as early as 11 weeks.234 Findings start with 
cerebral echogenicity, thought to result form ischemia or 
hemorrhage, followed by characteristic fluid replacement 
of the cerebrum.235 The differential diagnosis includes 
other conditions causing large, fluid-filled cranial spaces, 
such as severe hydrocephalus, alobar holoprosencephaly, 
bilateral subdural collections, and schizencephaly. With 
hydrocephalus, there is generally uniform ventricular 
enlargement and a peripheral thin cerebral mantle, and 
color Doppler ultrasound may show flow in the middle 
cerebral arteries. In holoprosencephaly there is thalamic 
fusion and absence of the falx. Subdural collections 
compress the brain into the midline.232,233 Large schizen-
cephalic clefts can appear similar to hydranencephaly, 
but in schizencephaly the lips of the clefts are lined by 
gray matter, which may be identifiable on MRI.

flow (Fig. 34-34). The more proximal sinuses may be 
dilated and the brain compressed. Many dural thrombo-
ses are initially misdiagnosed as tumors or subdural 
bleeds. Most cases are found in the second and third 
trimesters and can be confirmed with MRI. The prog-
nosis is variable and may be favorable if no other abnor-
malities are found and the brain appears normal.216,226

Hemorrhagic Lesions

Intracranial hemorrhage describes bleeding in and 
around the brain. The incidence is about 1 in 10,000 
live births.227 The most common sites are similar to those 
seen in premature neonates. In a series of 109 cranial 
bleeds, 89 were intracerebral (79 intraventricular, 10 
infratentorial), and 20 were subdural.228 As in neonates, 
cerebral bleeds are graded from 1 to 4 and may be fol-
lowed by chemical ventriculitis (thick echogenic ven-
tricular lining), hydrocephalus, porencephalic cysts, 
white matter injury, and periventricular leukomalacia. 
About half are idiopathic. Predisposing factors include 
hypoxia, fetal coagulation disorders (including alloim-
mune thrombocytopenia and maternal anticoagula-
tion), death of a monochromic co-twin, seizures, viral  
or bacterial infection, febrile disease, drugs (cocaine), 
maternal-fetal hemorrhage, and trauma.216,227-230

At ultrasound, the bleed appears as an echogenic col-
lection in the ventricles and surrounding brain (Fig. 
34-35). This hemorrhage later organizes and condenses 
into clots and may be associated with VM and echogenic 
thickening of ventricular walls (chemical ventriculitis). 
The findings may resolve or progress to hydrocephalus, 
porencephaly, cerebral clefts, and cortical malforma-
tions. Those with ischemia may also develop cystic  

sd

FIGURE 34-34. Sagittal sinus thrombosis. There is an 
echogenic mass (arrow) in a fluidlike space in the midline anteri-
orly. This represents thrombus in a dilated sagittal sinus. There is 
also a subdural collection (sd). (Courtesy Dr. Katherine Fong, Mt. 
Sinai Hospital, Toronto).
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FIGURE 34-35. Intracranial hemorrhage. A, Grade 4 intracerebral hemorrhage with clot (arrow) extending into the occipital 
cortex on parasagittal view. B, Bilateral subdural hemorrhages (S) compressing the brain (arrows) and associated with slight asymmetrical 
ventricular enlargement (V). These hemorrhages resolved spontaneously in this case, and the child did well. No cause was found. Most 
children with this finding do poorly. C, Parasagittal, and D, coronal, views of thalamic and brainstem hemorrhage (H) at 38 weeks. The 
posthemorrhagic porencephalic cyst (P) helps to differentiate this from tumor such as teratoma. Hypoxia was the likely etiology. This 
fetus died shortly after the examination. E, Coronal view at 23 weeks shows a grade 4 hemorrhage with clot extending into the parenchyma. 
F, T2-weighted MR image shows the low signal intensity of blood products in the parenchyma (arrows). The relatively high signal intensity 
in the surrounding parenchyma suggests edema and venous infarction.
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Many affected fetuses die in utero. Survivors may 
appear and initially behave normal at birth, even though 
they lack a cerebral cortex. The diagnosis can be readily 
made clinically by cerebral transillumination236 and con-
firmed with ultrasound or MRI. Most die in the first year, 
but survival to 32 years has been described in a vegetative 
state.237

Tumors

Prenatal intracranial solid tumors are rare, occurring in 
about 1.4 to 4.1 per 100,000 pregnancies. Most are 
sporadic. A few are associated with familial syndromes 
that have genetic abnormalities, such as neurofibroma-
tosis, tuberous sclerosis, von Hippel–Lindau, and Li-
Fraumeni syndrome.238,239 Fetal brain tumors tend to 
be supratentorial in location, unlike tumors in older 
children, which are more likely to involve posterior fossa 
structures. Brain tumors account for about 10% of all 
perinatal tumors. Approximate frequencies of tumors 
described include teratomas 45%, neuroepithelial 
tumors (astrocytomas, medulloblastoma, choroid plexus 
papilloma, gliomas) 43%, craniopharyngioma 7%, 
mesenchymal tumors (meningioma, sarcoma) 5%, and 
hemangioblastoma 0.4%.238-240

The prenatal sonographic finding is a complex intra-
cranial mass, occasionally with calcifications, macro-
cephaly, and hydrocephalus (Fig. 34-37). The tumors 
grow quickly and can erode into the orbit, oral cavity, 
or neck. Associated findings include polyhydramnios 

and intracranial hemorrhage. Diagnosis is generally 
made in the third trimester at ultrasound, triggered by 
excessive uterine growth,238 although teratomas have 
been discovered as early as 17 weeks.240 The differential 
diagnosis includes intracranial hemorrhage, vascular 
malformations, and dural sinus thrombosis.

Outcomes are poor, especially if tumors appear early. 
Overall survival is about 28%. Survival and outcome 
relate to size and location of tumor, its histology, surgical 
resectability, response to chemotherapy and condition of 
the fetus at diagnosis. From 40% to 100% of survivors 
have long-term neurologic deficits. Slightly better sur-
vival is seen with choroid plexus papilloma (73%) and 
meningeal tumors (36%).238,239

Choroid plexus papillomas are large, finely nodular 
masses that grow into the lateral ventricle and produce 
excessive CSF, resulting in severe dilation of the entire 
ventricular system and macrocephaly. They are described 
in association with Aicardi syndrome and giant pig-
mented nevi. Surgical resection can be curative but is 
technically difficult, and the vascular nature of choroid 
plexus papillomas can result in fatal hemorrhage. Overall 
survival is about 73%.238

Fetuses suspected to have brain tumors should undergo 
detailed ultrasound examination to look for associated 
abnormalities, which can occur in about 12.5% of cases, 
especially involving the face. Karyotype is generally of 
limited value because chromosomal abnormalities are 
uncommon. MRI is helpful in characterizing the mass 
and helping differentiate tumors from other conditions 

A B

FIGURE 34-36. Hydranencephaly. A, Transverse thalamic view at 38 weeks shows asymmetrical cerebral destruction with preserved 
interhemispheric fissure. B, Hydranencephaly at 17 weeks shows cranium filled with fluid. At first, the appearance suggests alobar holo-
prosencephaly, but the presence of the falx (arrow) and lack of thalamic fusion as seen by the large third ventricle help confirm hydran-
encephaly. (A from Toi A, Chitayat D, Blaser S. Abnormalities of the foetal cerebral cortex. Prenat Diagn 2009;29:355-371.)
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FIGURE 34-37. Intracranial teratoma. A, Sonogram at 34 
weeks shows teratoma forming an echogenic mass with small cystic 
spaces (arrows) displacing the midline to one side. The visible lateral 
ventricle (V) is dilated. B, In a different fetus, a facial teratoma 
invades the brain. C, MR image of same fetus in B shows the intra-
cranial extent of the tumor.

such as hemorrhage and sinus thrombosis. The large 
head size can interfere with delivery and require cepha-
locentesis to allow vaginal delivery.238,239,241

Intracranial lipomas are not “neoplasms” but rather 
represent abnormal differentiation of the meninx primi-
tiva, which normally forms the subarachnoid space. 
Instead of resorbing at 8 to 10 weeks, the meninx persists 
and develops into mature adipose tissue. The incidence 
is 4 to 40 per 100,000 autopsies. Most occur in the 
interhemispheric region close to the corpus callosum and 
are usually associated with dysgenesis of the corpus cal-
losum. At ultrasound, intracranial lipomas appear as an 
echogenic mass in the midline in the region of the corpus 
callosum (Fig. 34-38). MRI is helpful to confirm the fatty 
nature of the mass and further evaluate changes in the 
corpus callosum. Most do not grow. Many patients are 
asymptomatic, but associated abnormalities may cause 

symptoms.242,243 Surgical treatment of the lipoma is gen-
erally not indicated. Surgery can be dangerous because of 
the strong attachment of the lipoma to surrounding 
structures and the nerves and vessels within the mass.244

CONCLUSION

Until recently, the assessment of the fetal central nervous 
system was the domain of those performing prenatal 
ultrasound, radiologists and obstetricians. The introduc-
tion of MRI to prenatal neurologic diagnosis has intro-
duced many other experts to the diagnosis, investigation, 
and management of fetal conditions, including pediatric 
neuroradiologists, neurologists, and neurosurgeons. Our 
understanding of the genetic basis of many syndromes 
and CNS findings as well as the nature of fetal CNS 
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abnormalities has also increased in recent years as a result 
of cross-fertilization among specialties. Those perform-
ing ultrasound are increasingly learning the complexities 
and large spectrum of neonatal diseases. Those in pedi-
atrics are discovering that conditions affecting the fetus 
are often very different from conditions affecting neo-
nates who survive pregnancy and are born alive.
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Abnormalities of the spine are some of the most 
common congenital abnormalities. In the United States, 
overall incidence of neural tube defects (NTDs) was 
approximately 1 to 2 per 1000 births1 before 2000, but 
it is now 0.5 to 1.0 per 1000 pregnancies since the 
widespread use of folic acid before conception2,3 and the 
addition of folic acid to enriched grain products.4 Cur-
rently, 42 nations practice mandatory folic acid fortifica-
tion to combat neural tube defects.5-9

Neural tube defects are associated with substantial 
morbidity and mortality. Many survivors have severe 
long-term morbidity that has a profound impact on the 
family—emotionally, physically, and fiscally. Fortu-
nately, the birth incidence of spina bifida and anenceph-
aly is decreasing in many areas of the world as a result 
of maternal screening programs (maternal serum tests 
and antenatal ultrasound) and more recently, the admin-
istration of folic acid to women of childbearing age.

In prenatal imaging, three-dimensional (3-D) ultra-
sound and fetal magnetic resonance imaging (MRI) 
are newer techniques that are making a positive impact, 
especially for precise localization of spina bifida and 
complete delineation of associated abnormalities. This 
precise information is useful for prognosis and possibly 
for prenatal surgery. Prenatal surgery for closure of 
myelomeningoceles is a relatively new procedure that is 
practiced in only a few centers at this time.

DEVELOPMENTAL ANATOMY

Embryology of the Spine

The precursors of the spinal cord and surrounding spinal 
column develop in the third and fourth week after  

conception (fifth and sixth menstrual weeks). During the 
third conceptual week, the bilaminar germ disc evolves 
into the trilaminar germ disc, which consists of the ecto-
derm layer (part of the amniotic cavity), the middle 
mesoderm layer, and the endoderm layer (part of the 
yolk sac cavity) (Fig. 35-1, A). The mesoderm layer 
develops a midline central tube, the notochordal 
process, which runs along the long axis of the embryonic 
disc. The mesoderm lateral to the notochordal process 
has three components: paraxial mesoderm, intermediate 
mesoderm, and lateral plate mesoderm. By day 21 con-
ceptual age, the hollow-tube notochordal process has 
evolved into a solid cord called the notochord, and the 
paraxial mesoderm has developed multiple discrete 
bumps called somites, of which there are 37 pairs when 
finally developed (Fig. 35-1, B).

The notochord and rest of the intraembryonic meso-
derm induce the development of the neural plate in the 
ectoderm layer (amniotic cavity side of germ disc), starting 
on conceptual day 18. The neural plate grows in length 
and breadth until conceptual day 21, when neurulation 
begins. Neurulation is the process of folding of the neural 
plate into the neural tube, probably induced by the adja-
cent notochord. The lateral edges of the neural folds begin 
to fuse dorsally into a closed neural tube in the occipito-
cervical region, leaving an opening at the cranial end 
(cranial neuropore) and the caudal end (caudal neuro-
pore). The hollow center of the neural tube is called the 
neural canal, which will become the central canal of the 
spinal cord and ventricular system of the brain. By day 24 
conceptual age, the cranial neuropore closes, and by day 
25 the caudal neuropore closes (Table 35-1).

The cranial end of the neural tube becomes the brain, 
and the caudal end becomes the spinal cord. In week 4 
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the adjacent neural tube and the notochord. The ventral 
portion of the sclerotome surrounds the notochord and 
forms the rudiment of the vertebral body. The dorsal 
portion of the sclerotome surrounds the neural tube and 
forms the precursors to the vertebral arch (Fig. 35-1, C ). 

conceptual age, after the neural tube has formed, the 
adjacent 37 pairs of somites in the intraembryonic meso-
derm give rise to the vertebral bodies and vertebral arches 
that will surround the spinal cord. A group of cells, (the 
sclerotome, migrates from the somites and surrounds 

BA

C
FIGURE 35-1. Cross section of trilaminar embryonic disc (germ disc). A, Cross section of midportion of embryonic 
disc 17 days after conception. The notochordal process is a hollow tube (black circle) that lies between the ectoderm (EC) (red) and 
endoderm (EN) (green) and is flanked by the mesoderm plate (M) (blue). B, Cross section of midportion of embryo 21 days after 
conception. The medial portions of the mesoderm plate (M) (blue) are organizing into somites (s). The ectoderm (EC) (red) is folding at 
the midline into the neural fold, which will soon become the neural tube. This folding is induced by the neighboring notochord (solid 
black circle). Note that the notochord is now a solid cord that has evolved from the hollow process of day 17. C, Cross section of embryo 
midportion at 28 days after conception. The neural fold has evolved into a closed neural tube (hollow red ovoid structure) that has sepa-
rated from its ectoderm layer (EC) (red). The somites have ruptured along the medial sides. Migrating cells from the somites (the sclero-
tome) envelop the neural tube (red ovoid) and become the vertebral arches. The sclerotome surrounding the notochord (black circle) 
becomes the vertebral bodies and intervertebral discs. The notochordal remnants differentiate later to become the nucleus pulposus of the 
discs. The rest of the notochordal cells degenerate and disappear. AC, Amniotic cavity; EN, endoderm; M, mesoderm; YS, yolk sac. 
(Illustrations by Karen Sauerbrei, RT, BA.)
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Ossification of the Fetal Spine

Prenatal sonography readily portrays the ossified por-
tions of the fetal spine, whereas the nonossified cartilage 
is more difficult to delineate. It is therefore important 
for sonographers and sonologists to understand the tem-
poral and spatial ossification patterns during fetal devel-
opment in order to optimize spinal evaluation.

Each vertebra will develop three ossification centers: 
the centrum, right neural process, and left neural 
process.11 The centrum will form the central part of the 
vertebral body, and the neural process will form the 
posterolateral parts of the vertebral body and pedicles, 
the transverse processes, the laminae, and the articular 
processes.

Ossification begins in the lower thoracic fetal spine at 
approximately 10 weeks’ gestation (menstrual age).12 
Ossification of the centra progresses in cranial and 
caudal directions simultaneously. Neural arch ossifica-
tion proceeds caudally from the lower thoracic (T) spine 
to the lumbar (L) spine. It proceeds sequentially from 
L1 through L5 and then into the sacral (S) spine. By 13 
weeks’ menstrual age, there are three ossification centers 
in vertebrae C1 through L313 (Fig. 35-2). Neural arch 
ossification begins as a small focus at the base of the 
transverse process and extends simultaneously into  
the pedicle anteriorly and into the lamina posteriorly 
(Fig. 35-3).

Ultrasound evaluation for spina bifida usually occurs 
between 16 and 22 weeks’ gestation. By 16 weeks, there 
is enough ossification in the neural arches to assess for 
spina bifida to level L5,14 by 19 weeks to level S1, and 
by 22 weeks to level S2 (Figs. 35-4 and 35-5). In some 
fetuses, there may be enough neural arch ossification to 
assess for spina bifida before these gestational ages. 
Braithwaite et al.15 assessed the fetal anatomy at 12 to 13 
weeks’ gestation by a combination of transabdominal 
and transvaginal sonography and reported successful 

In the fetus the notochordal remnant corresponds to 
the nucleus pulposus of the intervertebral discs.10

Abnormalities of neural tube closure not only affect 
the spinal cord and brain, but also interfere with normal 
development of surrounding vertebral arches, which are 
derived from adjacent mesodermal somites. Disturbances 
of neural tube closure underlie spina bifida and anen-
cephaly defects.

Caudal regression defects may be related to defective 
development of the mesoderm layer in week 3 concep-
tual age, during transformation of the germ disc from 
two layers (bilaminar) to three layers (trilaminar). Various 
degrees of abnormal mesoderm development account for 
the wide spectrum of abnormalities found in caudal 
regression.

A failure of part of the neural tube to close, called 
spinal dysraphism, disrupts development of the nervous 
system and disrupts the induction of the overlying ver-
tebral arches. The resulting open vertebral canal is called 
spina bifida. If dura and arachnoid protrude from the 
spinal canal, the result is a meningocele. If neural tissue 
and meninges protrude, the result is a myelomeningo-
cele. In the most severe NTDs, the neural tube fails to 
form and fails to separate from the overlying ectoderm. 
In the spine the condition is called rachischisis or 
myeloschisis; the opened spinal cord is exposed along 
the dorsal surface of the fetus. If the defect involves the 
cranial neural tube, the brain is represented by an exposed 
dorsal mass of undifferentiated neural tissue, called exen-
cephaly, anencephaly, or craniorachischisis. Differen-
tiated brain and meninges may bulge from a nonossified 
gap in the skull (meningoencephalocele), but this is not 
related to failure of neural tube closure.

In animals, certain teratogens can induce NTDs: reti-
noic acid, insulin, and high plasma glucose levels. In 
humans, implicated factors include valproic acid (anti-
epileptic), maternal diabetes, and hyperthermia. Val-
proic acid may interfere with folate metabolism.

TABLE 35-1. SPINE EMBRYOLOGY DURING THIRD AND FOURTH WEEKS  
AFTER CONCEPTION

MENSTRUAL AGE 
(DAYS)

CONCEPTUAL AGE 
(DAYS)

EMBRYO LENGTH 
(MM)

SAC DIAMETER 
(MM) LANDMARKS

31 17 0.5 2 Trilaminar disc
Notochordal process
Paraxial mesoderm
(Fig. 35-1, A)

35 21 2 4 Notochord
Neural plate
Somites
(Fig. 35-1, B)

42 28 5 10 Neural tube
Notochord
Sclerotome
(Fig. 35-1, C)



1248  PART IV ■ Obstetric Sonography

A B C

S3 S1

L1

FIGURE 35-2. Spine ossification at 11 
weeks + 4 days menstrual age. A, Ossifi-
cation of neural processes extends from C1 to L1 
(arrow). The neural process ossification starts at the 
base of the transverse process, which lies at the junc-
tion of the pedicle and the lamina. B, Spine ossi-
fication at 13 weeks’ menstrual age. Ossification 
extends to level S1 neural process (S1 arrow) and 
S3 vertebral body (S3 arrow). C, Spine ossification 
at 15 weeks + 2 days’ menstrual age. Ossification 
now extends into the laminae of the vertebral arches 
in the thoracic and lumbar spine. Arrows demon-
strate ossification of the laminae at levels L1 and L3. 
Ossification of the laminae is negligible at S1.
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FIGURE 35-3. Spine ossification on radiographs at 14 weeks’ gestation. A and B, Anteroposterior and lateral radio-
graphs. Well-developed ossification in the centra now extends down to level S3. Ossification in the lumbar neural processes extends into 
the lamina (L) and pedicles (P). The neural process ossification starts to resemble the shape of the cartilaginous neural process rather than 
the focal dotlike ossification at 13 weeks’ gestation.
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Normal Position of the Spinal Cord

For fetuses at 19 to 33 weeks’ gestation, the conus 
medullaris is normally situated at level L2-L3 or higher 
(Fig 35-6). Level L3 is taken to be indeterminate and 
L3-L4 or lower as abnormal.19 For those fetuses with 
tethered cord, the position of the conus medullaris is 
usually lower than normal. For earlier pregnancy (13-18 

examination of the vertebrae and overlying skin in both 
the transverse and the coronal plane in all cases. Others 
have reported successful prenatal diagnosis of spina 
bifida at 12 to 14 weeks’ gestation on the basis of abnor-
mal cranial findings.16-18 They caution that although the 
characteristic cranial findings may be present at 11 to 14 
weeks, the prevalence of these findings in the first tri-
mester remains to be determined (Table 35-2).
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FIGURE 35-4. Vertebral ossification of T9 at 16 weeks’ gestation. A, Specimen; B, radiograph. Ossification extends 
quite far into the pedicles (P) and laminae (L). Note the early ossification in the base of the transverse processes (T). The width of the 
vertebra is about 5 mm. Ossification within the centrum (C). S, Spinous process (cartilage); T, transverse process (cartilage).
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FIGURE 35-5. Vertebral ossification of L5 at 17 weeks’ gestation. A, Specimen; B, radiograph. There is usually enough 
ossification at this gestation in the pedicles (P) and laminae (L) to determine the true course of these structures in radiographs and sono-
grams. The width of the vertebra is about 5 mm. C, Ossification within the centrum.
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the pedicles and laminae simultaneously. Because the 
laminae course caudal to the transaxial plane, which 
contains the centrum and pedicles, only the angled scan 
plane can depict the pedicles and laminae simultaneously 
in their entirety

The detection rate of spina bifida at 18 to 20 weeks’ 
gestation may be 80% or less during routine screening 
ultrasound,21 because the accuracy of ultrasound depends 
on the skill and experience of the operator. The accuracy 
of referral centers performing detailed targeted imaging 
because of a suspected NTD or high maternal serum 
alpha-fetoprotein (MS-AFP) is close to 100%.

A detailed sonogram of the fetal spine may be requested 
for several reasons: previous suspicious ultrasound; 
family history of NTD; and raised serum or amniotic 
fluid AFP. To enhance detection of spina bifida, a 
detailed protocol should be consistently followed. The 
first step in assessing for spina bifida is scanning the head, 
because most fetuses with spina bifida have signs of a 
Chiari II malformation in the brain at 16 to 22 weeks’ 
gestation. These signs include obliterated cisterna magna 
(banana sign), concave frontal bones (lemon sign), and 
dilated lateral cerebral ventricles.22,23 The sensitivity of 
the banana sign for open spina bifida is close to 99%, 
and false-positive diagnoses are rare, although the lemon 
sign may occur in 1% to 2% of normal fetuses.

The next step is to determine the position of the fetal 
spine. The scan plane is placed perpendicular to the long 
axis of the fetal spine, either posterior transaxial or lateral 
transaxial (see Figs. 35-7 and 35-8). The sonographer 
should scan from one end of the spine to the other while 
maintaining the scan plane perpendicular to the spine. 
This is repeated several times. In the process, one builds 

weeks’ gestation), the conus medullaris may be normally 
as low as L4. At term, the conus is normally above L2.20

SCANNING TECHNIQUES

In clinical practice, the most useful scan planes to assess 
the posterior neural arches are posterior transaxial (Fig. 
35-7), lateral transaxial (Fig. 35-8), lateral longitudinal 
(coronal) (Fig. 35-9), posterior longitudinal (sagittal) 
(Fig. 35-10), and posterior angled transaxial (Fig. 35-11). 
The posterior angled transaxial is useful to visualize  

A

T
F

T

F

B

FIGURE 35-6. Normal spinal cord. A, Posterior longitudinal, and B, posterior transaxial (transverse), sonograms of a normal 
spinal cord. Note the normal position of the cord (arrows) and filum terminale (T) in the dependent portion of the spinal canal. Cere-
brospinal fluid (F) between the anterior aspect of the spinal cord and the anterior wall of the spinal canal.

TABLE 35-2. TIMING AND PATTERN  
OF FETAL SPINE OSSIFICATION  
(10-22 WEEKS’ MENSTRUAL/

GESTATIONAL AGE)

AGE (WK) EVENTS

10 Ossification appears in lower thoracic spine 
vertebral bodies.

13 Some ossification is present from C1 to L5 
vertebral bodies and arches.

13-22 Neural arch ossification simultaneously extends 
anteriorly into the pedicles and posteriorly into 
the laminae.

16 Enough neural arch ossification appears to assess 
for spina bifida to level L5.

19 Enough neural arch ossification appears to assess 
for spina bifida to level S1.

22 Enough neural arch ossification appears to assess 
for spina bifida to level S2.
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FIGURE 35-7. Posterior transaxial scan plane. A, Diagram shows the incident sound beam (arrows) reflecting off the posterior 
surfaces, clearly demonstrating the laminae and centrum, but not the pedicles. The red structures represent the ossified portions of the 
vertebra. B, The L3 vertebra at 17 weeks’ gestation demonstrates the ossified laminae (L) and the ossified centrum (bottom arrow) but not 
the pedicles. C, Scan of S1 vertebra at 17 weeks shows early ossification at the lamina-pedicle junction on each side (long thin arrows). 
With this amount of ossification, determine the course of the laminae is not possible, and thus exclude spina bifida is difficult. C, Ossified 
centrum; short arrows, iliac wing. D, Scan of T10 at 24 weeks’ gestation shows advanced ossification in the laminae (L, arrows) almost 
reaching midline. Despite their advanced ossification, the pedicles are not visualized in this scan plane. C, Ossified centrum.
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FIGURE 35-8. Lateral transaxial (transverse) scan plane. A, Diagram shows the incident sound beam (arrows) reflecting 
off the lateral surfaces of the centrum and the near pedicle and off the medial surface of the far pedicle, demonstrating the centrum and 
pedicles, but not the laminae. The laminae course toward midline (thus sound beam is not perpendicular to laminar surface) and caudally 
(thus out of the plane of sound beam). The red structures are ossified portions of the vertebra. B, Scan of vertebra L3 at 17 weeks’ gesta-
tion shows the ossified pedicles (P) and the ossified centrum (C), but not the laminae.
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maximum-intensity projection methods (see Fig. 35-9, 
D). In evaluation of spinal abnormalities, 3-D ultra-
sound is most helpful in localizing spinal defects accu-
rately by using simultaneous multiplanar imaging and 
referencing to the volume-rendered image.24,27 For deter-
mination of spinal level, T12 is taken to be the most 
caudal vertebra with a corresponding rib.

SPINA BIFIDA

Spina bifida implies a physical defect in the structure  
of the spinal canal that may result in a protrusion of  
its contents (meninges, cerebrospinal fluid, and neural 
tissue) (Table 35-3). These defects usually occur along 
the dorsal midline (most often in the lumbosacral area) 
but rarely may occur anteriorly.

Open NTDs occur in 0.5 to 2 per 1000 births  
in North America and with higher frequencies in  
other geographic areas. In one area of China, the overall 

up an impression of the three-dimensional structures of 
the spine. The scan plane should then be repositioned 
parallel to the long axis of the fetal spine to obtain pos-
terior longitudinal and lateral longitudinal views. The 
sonographer then examines all levels of the spine in 
posterior transaxial, lateral transaxial, lateral longitudi-
nal, and posterior longitudinal scan planes. This may not 
be possible in a short time because of fetal position, but 
this usually changes enough in 30 to 45 minutes at 16 
to 22 weeks to obtain all scan planes. If the spine cannot 
be visualized optimally, a repeat scan can be performed 
at a later gestational age.

Three-Dimensional Ultrasound

Three-dimensional ultrasound imaging has shown 
promise in evaluating normal fetal structures and in  
providing additional information in abnormalities of 
many fetal structures including the spine, hand, foot, 
and face.24-33 Bony structures can be visualized with 
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FIGURE 35-9. Lateral longitudinal scan plane. A, Diagram 
shows the incident sound beam (arrows) reflecting off the lateral surface of 
the near pedicle and the medial surface of the far pedicle. Therefore this 
scan plane will show the cross section of the pedicles of each vertebra, but 
not the centrum and laminae. The red structures are ossified portions of 
the vertebra. B, Lateral longitudinal scan of the lumbar spine at 16 weeks 
shows the ossified pedicles (small arrows). The lumbar pedicles usually 
form a series of parallel echogenic foci, although they may normally diverge 
by 1 to 2 mm. Note the faint echogenic structures between the pedicles; 
these represent echoes from the centra that intercept the edge of the 
insonating beam. (large arrow, iliac wing). C, When the tomographic scan 
plane is thick or is placed closer to the centrum, the pedicles and centra 
may be visualized simultaneously. The centra will appear as an extra set of 
echogenic dots (arrows) between the series of pedicles. D, 3-D scan of a 
19-week fetus shows the ossified spinal elements from the cervical area to 
the lumbosacral level, as viewed from the posterior aspect of the fetus. The 
12 ribs are visualized. L1 vertebra is immediately caudal to the 12th rib 
level (arrows). (D courtesy Siemens Ultrasound.)



Chapter 35 ■ The Fetal Spine  1253

prevalence of NTDs in 2003 was 13.9 per 1000 live 
births.34 In recent years, however, there has been a 
decline in the incidence of NTD. Some of this decline 
may be attributed to screening programs, which include 
measurement of MS-AFP and performance of second-
trimester ultrasound.35,36

Folic Acid Fortification

Another major factor in the decline of the incidence of 
NTDs is the use of folic acid to prevent NTDs. Several 
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FIGURE 35-10. Posterior longitudinal scan plane. 
A, Diagram shows the incident sound beam (arrows) reflecting 
off the posterior surface of the centrum. If there is no ossification 
in the laminae near the midline, the laminae will not be visible 
on the scan; only the centra will be seen. If the laminar ossification 
is present near the midline, the centra and laminae will be seen as 
echogenic foci. The red structures are ossified portions of the 
vertebra. B, Posterior longitudinal scan of the lumbosacral spine 
at 15 weeks shows ossification in the centra of the lower thoracic, 
lumbar, and sacral spine (L5, centrum of vertebra). In this midline 
scan, no ossification is present posterior to the posterior surface of 
the dural sac (D). S, Skin surface.

B

A

FIGURE 35-11. Posterior angled transaxial (trans-
verse) scan plane. A, Diagram shows the incident sound 
beam (arrows) reflecting off the posterior aspects of the laminae 
and portions of the pedicles. The beam may also reflect off the 
ossified centrum. This scan plane can depict the entire ring of 
ossification of the spinal canal. The red structures are ossified 
portions of the vertebra. B, Endovaginal scan at 18 weeks in the 
midlumbar spine outlines the curvilinear structure of each neural 
arch (short arrows, lamina plus pedicle) and the ossified centrum 
(long arrow). Together these structures form the ossified ring of 
the spinal canal.

PROTOCOL TO  
EVALUATE SPINA BIFIDA WITH  

3-D VOLUME DATA

Volume data are acquired from sagittal and 
transverse sweeps through the spine.

Volume data are reformatted to display 
standardized multiplanar views of the fetal spine.

3-D reconstruction of the fetal spine (with 
maximum-intensity projection filter) visualizes the 
ossified spinal elements.

To determine spinal level, the 12th thoracic (T12) is 
taken to be the most caudal vertebra with a 
corresponding rib.
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TABLE 35-3. DEFINITION OF TERMS FOR SPINAL ABNORMALITIES

TERM DEFINITION COMMENT

Spinal dysraphism (neural tube 
defect, NTD)

Failure of part of neural tube to close. This disrupts both differentiation of central 
nervous system and induction of vertebral 
arches.

Spina bifida Defect in posterior midline neural arch. Arches fail to fuse along dorsal midline and fail 
to enclose vertebral canal.

Spina bifida occulta Vertebral arches of a single vertebra fail to fuse. Underlying neural tube differentiates normally; 
does not protrude from vertebral canal.

Meningocele Dura and arachnoid protrude from vertebral canal 
through spina bifida defect in posterior midline 
neural arches

Myelomeningocele Dura, arachnoid, and neural tissue protrude from 
vertebral canal through spina bifida defect in 
posterior midline neural arches.

Rachischisis (e.g., myeloschisis) Neural folds corresponding to future spinal cord fail 
to fuse and fail to differentiate (myeloschisis), 
invaginate, and separate from surface ectoderm.

The deformed underdeveloped spinal cord is 
exposed dorsally.

This is the most severe form of spinal neural 
tube defect.

Cranioschisis (e.g., exencephaly, 
anencephaly)

Neural folds corresponding to future brain fail to fuse 
and fail to differentiate, invaginate (exencephaly, 
anencephaly), and separate from surface ectoderm.

The brain is represented by an exposed dorsal 
mass of undifferentiated neural tissue.

Inionschisis Failure of neural tube to differentiate properly and 
close in occipital and upper spinal region.

clinical trials have demonstrated a decreased risk of NTD 
by at least 60% with the use of periconceptual folic acid 
supplements.37-41 The reduction occurs in mothers with 
previously affected pregnancies and in mothers without 
this risk. In 1992 the U.S. Department of Health and 
Human Services42 and the Expert Advisory Group in the 
United Kingdom43 recommended supplementation of 
0.4 mg of folic acid for women in the general population 
while trying to conceive. Women who are at high risk 
because of a previously affected fetus should take 4 mg of 
folic acid daily.1 Routine folic acid supplementation 
around the time of conception confers a 72% to 87% 
decrease in probability of NTD.3,38 However, this knowl-
edge and these recommendations have not translated into 
a reduction of the incidence of NTD in the general popu-
lation,44,45 largely because only a minority take folic acid 
routinely in the reproductive years, and in those who do, 
supplementation may not be taken at the proper time. 
Studies in the 1990s demonstrated that less than 45% of 
pregnant women took folic acid before conception.46-48 In 
2007, 40% of all U.S. women of reproductive age (15-45 
years) took daily supplements of folic acid. Daily supple-
ments could be one serving of breakfast cereal fortified 
with 100% of the recommended daily value of folic acid 
or a supplement with 0.4 mg of folic acid daily.4

Another strategy to increase folic acid levels is the 
systematic fortification of food stuffs with folic acid. In 
March 1996 the U.S. Food and Drug Administration 
(FDA) ordered that fortification with folate of all 
enriched grain products be started no later than January 
1, 1998 (0.14 mg per 100 grams of grain). Honein 
et al.49 demonstrated a 19% reduction in NTDs in the 

United States as an effect of folic acid fortification of 
grains. This study did not take into account the large 
percentage of NTDs that are prenatally diagnosed and 
electively terminated. A study in Nova Scotia demon-
strated a decrease of annual incidence of NTDs by 54% 
after implementation of folic acid fortification, from 
2.58:1000 births from 1991 to 1997 to 1.17:1000 from 
1998 to 2000.50 This study included terminated preg-
nancies, which is important because more than 50% of 
all pregnancies affected with NTD in Nova Scotia result 
in elective termination. A failure to include these termi-
nated pregnancies may underestimate the benefit of folic 
acid–fortified grains. In Canada, folic acid fortification 
of grain products was legislated to begin in November 
1998, at levels similar to U.S. levels. Since then in 
Canada, the prevalence of NTDs nationally has decreased 
from 1.58:1000 before fortification to 0.86:1000 births 
during the full-fortification period, a 46% reduction.6 
Geographic differences almost disappeared after fortifi-
cation began. The observed reduction rate was greater 
for spina bifida (53%) than for anencephaly and enceph-
alocele (38% and 31%, respectively).

Lipomyelomeningocele (LMMC) is a type of NTD 
similar to myelomeningocele, with a prevalence of 
about 0.5 per 10,000 births. However, studies in 
Hawaii and Canada have shown that LMMC rates  
are not affected by folic acid fortification, unlike the 
significant rate reduction in myelomeningoceles. 
LMMC seems to be pathogenetically distinct from 
myelomengocele.51,52

The risk of NTD rises to 20 to 30 per 1000 live births 
for women with a previous infant with NTD. This  
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In the most severe form of NTD, the embryologic 
neural tube (the precursor to the spinal cord) remains open 
in addition to the overlying mesodermal structures, which 
include the neural arch, muscles, and skin. The resultant 
pathology is myeloschisis; the open, flattened spinal cord 
is exposed posteriorly through a wide defect in the poste-
rior neural arch and associated musculature and skin.

In less severe cases of NTD, the major anatomic defect 
is in the structures derived from the mesodermal tissues 
overlying the embryologic neural tube. Although the 
spinal cord often is anatomically intact, the embryologic 
neural tube has failed to induce closure of the overlying 
neural arches, muscles, and skin. The result is a myelo-
meningocele, a cystic mass protruding from the spinal 
canal. The cystic mass wall is composed of thin arach-
noid membrane without skin covering, and the contents 
are cerebrospinal fluid (CSF) and neural elements. Occa-
sionally, a myelomeningocele is covered with skin. A 
skin-covered myelomeningocele is considered a closed 
defect, and a myelomeningocele without skin covering 
is considered an open defect. An open defect allows AFP 
to escape into the surrounding amniotic fluid; a closed 
defect does not. Thus, a closed or skin-covered defect is 
not usually associated with raised levels of AFP in the 
amniotic fluid or maternal serum. Infrequently, the pro-
truding cystic mass contains only CSF and no neural 
elements, a meningocele.

Spina bifida occulta is restricted to involvement of 
the mesoderm of the posterior vertebral arch and rarely 
exhibits intrinsic maldevelopment of the spinal cord. 
This may result from an insult occurring at the end of 
the fourth embryologic week (sixth menstrual week), 
causing failure of complete formation of the posterior 
midline structures. The prevalence of spina bifida 
occulta, excluding cases that later disappear (i.e., delayed 
ossification of preexisting intact cartilage), is approxi-
mately 17%.59 The lumbosacral spine is most often 
involved. About 66% of spina bifida occulta cases have 
skin manifestations: nevi, lumbosacral lipomas, dermal 
sinus, hypertrichosis (tuft of hair, “horse’s tail or fawn’s 
tail”), or scarred area. A sacral pit or dimple is not highly 
correlated with spina bifida occulta. Although infre-
quently associated with other abnormalities, spina bifida 
occulta may be associated with urologic dysfunction and 
tethered cord syndrome, foot deformity, increased inci-
dence of spondylolisthesis, and intervertebral disc her-
niation. Spina bifida occulta is difficult to detect with 
prenatal ultrasound unless it is associated with a lipoma, 
a simple meningocele, or tethered cord. A history of 
familial spina bifida occulta is not known to be a risk 
factor for an open neural tube defect.2

Alpha-Fetoprotein and  
Ultrasound Screening

Because most NTDs occur in families with no history of 
such abnormalities, prenatal detection relies on routine 

constitutes about a tenfold increase in risk over the 
general population.53 A meta-analysis of randomized 
trials of folic acid for the prevention of recurrent NTDs 
demonstrated an 87% reduction in NTDs in women 
who took supplements before the start of pregnancy.3 
Other factors that increase the risk of NTD include 
anticonvulsant therapy with valproic acid or carbamaze-
pine (10-20:1000), warfarin and vitamin A use, preges-
tational diabetes, obesity, parent with spina bifida 
(11:1000), and sibling of fetus with multiple vertebral 
defects and scoliosis (15-30:1000).54 Low maternal 
vitamin B12 status may also be a risk factor for NTDs. 
In Ontario, Ray et al.55 demonstrated a tripling of the 
risk for NTD in the presence of low maternal B12 status, 
as measured by serum holotranscobalamin at 15 to 20 
weeks’ gestation.

Pathogenesis and Pathology

Most cases of spina bifida result from failure of closure 
of the embryologic neural tube, although some may be 
caused by rupture of the neural tube after primary 
closure. Most NTDs occur as isolated malformations in 
chromosomally normal individuals, although 9% to 
17% of fetuses with spina bifida have chromosomal 
abnormalities (mostly trisomy 18 and trisomy 13).56,57 
Typically, chromosomally abnormal fetuses have other 
sonographic abnormalities detected in addition to the 
spinal abnormality. Some NTDs are part of a genetic 
condition. Autosomal dominant conditions include 
Lehman syndrome. Autosomal recessive conditions 
include Meckel-Gruber syndrome and VATER syn-
drome (vertebral defect, imperforate anus, tracheo-
esophageal fistula, radial and renal dysplasia). Two 
X-linked conditions are the Mathias laterality sequence 
and X-linked neural tube defects.2

A number of studies have found the incidence of 
NTD to be about 10 times higher in spontaneously 
aborted pregnancies than in term births, indicating an 
in utero selection against embryos with such defects.58

RISK FACTORS FOR NEURAL TUBE 
DEFECT (NTD)

Folic acid deficiency
Previous sibling with NTD
Maternal anticonvulsants

Valproic acid
Carbamazepine

Maternal warfarin
Maternal vitamin A
Pregestational diabetes
Obesity
Parent with spina bifida
Low maternal vitamin B12
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teratoma, cystic hygroma, osteogenesis imperfecta, 
cloacal exstrophy, and cyclopia.

Because of the high sensitivity of the cerebellar signs 
associated with open spina bifida, some centers rely 
almost exclusively on ultrasound to diagnose NTDs. For 
women with elevated MS-AFP and no sonographic 
explanation for the abnormal test result (e.g., wrong 
dates, multiple fetuses, dead fetus, anencephaly, spina 
bifida, abdominal wall defect, other fetal abnormality 
causing elevated AFP), or when there is poor visualiza-
tion of the spine, amniocentesis may be offered. If the 
amniotic fluid AFP is normal and there is no acetylcho-
linesterase (AChE) present, the likelihood of an open 
NTD is very low. If the amniotic fluid AFP is elevated 
and AChE is present, an open NTD or abdominal wall 
defect may be present but undetected by sonography.

Between 1989 and 1990, 1.1 million women in Cali-
fornia had MS-AFP tests in early pregnancy.61 From 
these tests, 1390 fetal abnormalities were found (1.3 fetal 
anomalies per 1000 pregnancies), consisting of 710 
NTDs (417 cases of anencephaly, 247 cases of spina 
bifida, and 46 cases of encephalocele) and 680 nonneural 
abnormalities (286 anterior abdominal wall defects,  
163 cases of trisomy 21, and 231 other chromosomal 
abnormalities).

Sonographic Findings in the Spine

Spina bifida may occur anywhere in the fetal spine but 
is most common in the lumbosacral area.62 Ultrasound 
findings in the spine consist of abnormalities of the ossi-
fied posterior elements and related soft tissues.

In spina bifida the laminae fail to converge toward 
midline, and this is best visualized with the posterior 
transaxial scan plane (Fig. 35-13, A and B; Video 35-1). 
If the pedicles are normally positioned and there is no 
myelomeningocele, the posterior transaxial scan plane is 
the only view that will depict the abnormality with reli-
ability. When the pedicles are displaced more laterally 
than usual, the lateral transaxial and lateral longitudinal 
scan planes will also demonstrate the bony abnormalities 
of spina bifida (Fig. 35-13, C and D). All these scan 
planes will usually demonstrate the meningocele or 
myelomeningocele if it is present (Figs. 35-14, 35-15, 
and 35-16). The posterior longitudinal scan best dem-
onstrates a myelomeningocele and the soft tissue defect 
when no cystic mass is present.

In most cases of spina bifida, there is abnormal diver-
gence or splaying of the pedicles over several vertebral 
levels. This is best appreciated in 3-D images and in 
lateral longitudinal views, where multiple interpedicular 
distances can be evaluated simultaneously (Fig. 35-13). 
However, there is normally mild divergence of the ped-
icles in the cervical spine compared to the thoracic spine 
(Fig. 35-14), and there may be slight divergence (by 1 
to 2 mm) in the lumbar spine compared with the tho-
racic spine in normal fetuses (see Fig. 35-2).

screening measures, including ultrasound and MS-AFP 
measurement.

Alpha-fetoprotein is a glycoprotein (molecular weight, 
70,000) produced by fetal liver. Some of it enters the 
amniotic fluid through fetal urine, and a small amount 
crosses the placenta to maternal serum. Normal AFP 
levels in amniotic fluid and maternal serum vary with 
gestational age. MS-AFP and amniotic fluid AFP are 
elevated in NTDs that are not skin covered. If the upper 
limit of normal MS-AFP is taken to be 2.5 multiples of 
the median (MOM) for a given gestational age, MS-AFP 
will be elevated in approximately 90% of open NTDs. 
About 2% of normal pregnancies have an elevated 
MS-AFP; that is, of all the elevated test results for MS-AFP, 
most fetuses will be normal (Fig. 35-12). At this stage, a 
detailed ultrasound examination is required to determine 
which fetuses actually have an NTD.

Norem at al.60 found that MS-AFP testing was normal 
in 25% of NTDs (25 of 102 cases). These included 15 
of the 40 (38%) spina bifida cases screened, 6 of the 9 
(67%) encephalocele cases screened, and 4 of the 53 (8%) 
anencephaly cases screened. Of the 186 NTD cases diag-
nosed prenatally, 115 (62%) were initially detected by 
routine sonography during the second trimester without 
knowledge of MS-AFP values. Sixty-nine (37%) were 
diagnosed by targeted sonography after MS-AFP screen-
ing indicated a higher risk for NTD. Two (1%) were 
diagnosed by pathology examination after miscarriage.

Maternal serum AFP is also elevated in multifetal 
pregnancy, fetal death, fetomaternal transfusion, and 
in other fetal anomalies associated with a defect in the 
skin, such as omphalocele and gastroschisis (50%-60% 
of cases), congenital nephrosis (Finnish type, 100% 
of cases), and infrequently in esophageal or duodenal 
atresia, polycystic kidney disease, renal agenesis, uri-
nary obstruction, epidermolysis bullosa, sacrococcygeal 

CAUSES OF ELEVATED MATERNAL 
SERUM ALPHA-FETOPROTEIN

Multifetal pregnancy
Fetal death
Fetomaternal transfusion
Omphalocele and gastroschisis
Congenital nephrosis
Esophageal or duodenal atresia
Polycystic kidney disease
Renal agenesis
Urinary obstruction
Epidermolysis bullosa
Sacrococcygeal teratoma
Cystic hygroma
Osteogenesis imperfecta
Cloacal exstrophy
Cyclopia
Normal (2% of pregnancies)
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Sonography can also be used to determine the level 
and extent of the spinal abnormality. The level of the 
defect is taken to be the top or most cephalic end of the 
bone malformation.63 Fetal MRI and fetal ultrasound are 
equally effective in determining the lesion level in a fetus 
with myelomeningocele,64 although each modality may 
misdiagnose the upper level by two or more segments in 
20% of cases. Fetal MRI is more sensitive in evaluation 
of the spinal cord itself, yielding additional information 
in about 10% of cases.65

The prognosis is influenced by the defect level, the 
NTD type, the presence or absence of associated anoma-
lies, the presence or absence of chromosomal abnormali-
ties, and the presence or absence of cranial abnormalities, 
such as Chiari II malformation and ventriculomegaly. 
Biggio et al.66 described the outcome in 33 infants with 
isolated open spina bifida. Lower lesion levels and smaller 
ventricular size were associated with ambulatory status. 
All infants with L4-sacral NTD were ambulatory. Of 
patients with L1-L3 NTD, 50% were ambulatory. No 
infant with thoracic NTD was ambulatory. No infant 
with myeloschisis was ambulatory.

Associated Cranial Abnormalities

The biparietal diameter (BPD) may be less than expected 
(even when the lateral ventricles are enlarged).67,68 Four 
other cranial findings are particularly useful in raising 
suspicion of an NTD: nonvisualization of the cisterna 
magna, deformation of the cerebellar shape (banana 
sign), concave frontal bones (lemon sign), and dilation 
of the lateral cerebral ventricles.

Chiari II malformation is highly associated with 
open spina bifida (>97% of cases). This cranial lesion 
consists of variable degrees of displacement of the cere-
bellar vermis, fourth ventricle, and medulla oblongata 
through the foramen magnum into the upper cervical 
canal and is usually easier to identify than the spinal 
lesion between 16 and 24 weeks’ gestation. In transaxial 
scans through the posterior fossa, Chiari II malformation 
is manifest as a deformation of the cerebellar shape 

(“banana” sign) and nonvisualization of the cisterna 
magna. Cranial malformations may signal the sonogra-
pher that a detailed study of the spine is required to 
search for spina bifida.

Spinal dysraphism allows a leak of CSF from the 
spinal canal into the amniotic fluid, which causes low 
intracranial pressure (ICP) early in pregnancy. Low ICP 
induces a smaller-than-normal posterior fossa compart-
ment. The cerebellum then grows into this abnormally 
small space, which leads to obliteration of the cisterna 
magna, compression of the cerebellar hemispheres, her-
niation of the cerebellar tonsils into the cervical spinal 
canal, and related abnormalities such as ventriculo-
megaly. Ventriculomegaly is usually mild in the second 
trimester and worsens postpartum after repair of the 
spinal defect. Ventriculomegaly is seen in 44% to 86% 
of fetuses with spina bifida.69,70 The most common single 
cause of ventriculomegaly is spina bifida, although only 
30% to 40% of fetuses with enlarged ventricles actually 
have spina bifida. On ultrasound, the Chiari II malfor-
mation manifests as obliteration of the cisterna magna.71,72 
The compression of the cerebellum changes its shape, 
giving the banana sign.69,73 In two different series, oblit-
eration of the cisterna magna was noted in 22 of 23 cases 
with spina bifida at 16 to 27 weeks’ gestation72 and in 
18 of 20 cases at 24 weeks and earlier.72

Concave deformity of the fetal frontal bones in the 
second trimester is called the lemon sign.74 Various 
authors have shown that 85% of fetuses with spina bifida 
before 24 weeks gestation have the lemon sign.70,75-77 In 
practice, the lemon sign can be difficult to portray 
unequivocally. The lemon sign spontaneously resolves  
in the third trimester.76 In addition, it is seen in 1% 
of normal fetuses.75,76 The lemon sign should prompt 
detailed examination of the posterior fossa, to search for 
obliteration of the cisterna magna and for the banana sign, 
and the fetal spine, for direct evidence of spina bifida.

Associated Noncranial 
Abnormalities

Foot deformities, primarily clubfoot, and dislocation of 
the hips are frequently associated with spina bifida.78 
These are caused by imbalanced muscular actions  

ANATOMIC LANDMARKS* USED TO 
ESTABLISH LEVEL OF BONY DEFECT

• T12 corresponds to the medial ends of the most 
caudal ribs.

• L5-S1 lies at the superior margin of the iliac 
wing.27

• S4 is the most caudal vertebral body ossification 
center in the second trimester.63

• S5 is the most caudal vertebral body ossification 
center in the third trimester.63

* Thoracic (T), lumbar (L), and sacral (S) vertebrae.

SONOGRAPHIC SIGNS OF  
SPINA BIFIDA

Nonvisualization of cisterna magna
Deformation of cerebellum (banana sign)
Concave frontal bones (lemon sign)
Dilation of the lateral ventricles
Chiari II malformation (97%)
Biparietal diameter lower than expected
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FIGURE 35-12. Alpha-fetoprotein (AFP) levels versus gestational (menstrual) age. A, Normal AFP levels in fetal 
serum, amniotic fluid, and maternal serum (MS) vary with gestational age. It is imperative to have accurate dating to evaluate AFP results 
properly. B, MS-AFP at 16 to 18 weeks’ gestation. (Percentage of cases vs. AFP levels, expressed as multiples of the median [MOM] along 
horizontal axis.) There is considerable overlap in the values of MS-AFP between normal pregnancies and those with fetuses affected with 
open spina bifida and anencephaly. This illustration demonstrates the overlap (shaded areas under the curves) when 2.5 MOM are taken 
to be upper normal. A cutoff of 2.0 MOM would detect more affected pregnancies but increase the rate of amniocentesis in normal 
pregnancies. Lighter-shaded area, False negatives (i.e., test negative, but NTD present); darker-shaded area, false positives (i.e., test positive, 
but fetus normal). C, Amniotic fluid AFP at 16 to 18 weeks’ gestation. (Percentage of cases vs. AFP levels, expressed as MOM along hori-
zontal axis.) There is significantly less overlap between normal pregnancies and pregnancies with open NTDs. The shaded area under the 
curves to the left of 2 represents the false negatives, and the shaded area to the right of 2 represents the false positives. In practice, the 
false positives can be largely excluded by normal acetylcholinesterase levels in the amniotic fluid.
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FIGURE 35-13. Myeloschisis. A, Posterior transaxial scan shows splaying of the lumbar laminae (arrows) away from midline. Only 
a thin membrane (M) overlies the spinal defect posteriorly. B, Posterior transaxial scan of the specimen after delivery shows in more detail 
the splaying of the laminae (arrows) away from midline and the membrane (M) covering the defect. C, Lateral transaxial scan of specimen 
shows increased distance between the pedicles (curved arrows) and mild lateral angulation of the pedicles away from their expected posi-
tions (straight arrow, ossified centrum). D, Lateral longitudinal scan of specimen shows the progressive enlargement of the interpedicular 
distances in the lumbar spine, indicative of spina bifida. Ossified pedicles (straight arrows); iliac wing (curved arrow). E, Posterior longi-
tudinal scan of specimen shows abrupt truncation of the soft tissues of the fetal back (long arrow) at the site of the open neural tube defect 
(NTD); short arrow, spinal cord. F, Radiograph of specimen shows divergence of the laminae (L) away from midline instead of the normal 
course, which is toward midline. G, Photograph of myeloschisis defect of the thoracolumbar spine shows exposed, disorganized neural 
tissue within the defect. H, 3-D scan of another fetus at 19 weeks, as viewed from the posterior aspect of the fetus. Note the abnormal 
divergence of the pedicles in the lumbar spine (arrows, 12th rib level; 5, level 5). I, 3-D scan of a different fetus at 21 weeks, as viewed 
from the posterior aspect of the fetus. Note the divergence of the lumbar pedicles and the splaying of the laminae (L) away from the 
midline. (I courtesy Siemens Ultrasound.)
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FIGURE 35-14. Spina bifida with myelomeningocele, 17 weeks’ gestation specimen. A, Posterior transaxial scan 
of the midlumbar spine shows the splaying of the laminae (curved arrows) and the myelomeningocele sac (short arrows). B, Posterior 
longitudinal scan of the thoracolumbar area shows the myelomeningocele sac (short arrows) and disorganized neural tissue (long arrows) 
within it; SC, spinal cord. C, Radiograph shows the interpedicular distances in the lumbar spine are widened and the laminae are splayed 
laterally (arrows). D, Lateral transaxial scan in a different fetus shows the myelomeningocele sac (S) containing linear echoes representing 
neural tissue and the splayed laminae/pedicles complex (L, arrows).
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FIGURE 35-15. Skin-covered myelomeningocele. A, Endovaginal posterior transaxial scan shows a myelomeningocele sac 
covered by a thick wall (arrowheads). Echogenic material passes through the spina bifida defect into the myelomeningocele sac. Endocervi-
cal canal (arrows). B, Endovaginal color Doppler posterior transaxial scan demonstrates a blood vessel protruding from the spinal canal 
into the myelomeningocele sac. C, Endovaginal posterior longitudinal scan shows the myelomeningocele sac covered by a thick wall 
(arrowheads). D, Neonatal picture shows the focal skin-covered lumbar myelomeningocele. The bluish tinge within the sac is a blood 
vessel detected by endovaginal color Doppler in B.
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FIGURE 35-16. Lumbar meningocele, 34 weeks’ gestation. A, Posterior transaxial sonogram demonstrates a fluid-filled 
sac (small arrows) along the fetal back. There is a small defect in the neural arch (large arrow). B, Posterior longitudinal sonogram shows 
the wall of the meningocele (small arrows) and the focal spina bifida defect in the posterior neural arch (large arrow). C, Posterior longi-
tudinal and D, posterior transaxial sonograms demonstrate abnormally posterior thoracic spinal cord (arrows) in the nondependent portion 
of the spinal canal. Cerebrospinal fluid (f ) is between the anterior aspect of the spinal cord and the anterior wall of the spinal canal.
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resulting from peripheral nerve involvement with the 
NTD. In fetuses with open spina bifida, 24% demon-
strate additional morphologic abnormalities on second-
trimester sonography, such as renal abnormalities, 
choroid plexus cysts, cardiac ventricular septal defect, 
omphalocele, and intrauterine growth restriction 
(IUGR).56

Prognosis

It is difficult to predict the long-term prognosis in a 
fetus with an identified myelomeningocele. However, 
the outcome is better for low lesions (lower lumbar or 
sacral), closed defects, and those with minimal or no 
hydrocephalus and no compression of the hindbrain 
from Chiari II malformation.53,64,73,79 In more than 880 
patients80 of live deliveries with spina bifida, about 
85% survived past age 10, and 2% died in the neona-
tal period. Of the survivors, about 50% had some type 
of learning disability. About 25% of survivors had an 
IQ (intelligence quotient) above 100, with about 75% 
above 80. About 33% of survivors developed symp-
toms and signs related to pressure on the hindbrain 
and brainstem (e.g., pain, weakness, and spasticity in 
arms), and some required cervical laminectomy to 
relieve the pressure. Wong and Paulozzi81 found 5-year 
survival rates of 82.7% for 1979-1983, 88.5% for 
1984-1988, and 91.0% for 1989-1994. Determining 
prognosis for survival for current newborns is more 
difficult because of medical and surgical advances since 
studies describing patients born in the 1960s, 1970s, 
and 1980s.2

Beyond survival, multiple impairments may affect  
the individual, including motor function, bladder 
and bowel dysfunction, and intellectual impairment.2 
Degree of muscle dysfunction is defined by the highest 
level of the open NTD, not by the number of involved 
vertebrae or the size of the overlying sac. When the lesion 
is thoracic, the legs are without muscle function, and 
when it is upper lumbar (L1-L2), useful leg function is 
minimal. When the upper level is L3-L5, the prognosis 
for long-term walking and the need for assistive devices 
are difficult to predict. Those with sacral defects will 
usually be able to walk well but with imperfect gait. 
Almost all people with spina bifida, including those with 
sacral defects, will have some degree of bowel and bladder 
dysfunction.

It is very difficult to predict the ultimate level of intel-
lectual functioning. In general, those who do not 
require ventricular shunting have much better outcomes 
for intellectual functioning. In those requiring shunts, 
the average IQ is approximately 80, which is low-normal 
range.82 The rate of profound intellectual impairment 
(IQ <20) in those with shunts is 5%, usually related to 
medical complications such as shunt infections and 
Chiari II effects (e.g., apnea, hypoxia).

Fetal Surgery for Myelomeningocele

Fetal surgery for repair of myelomeningocele is regarded 
as an experimental procedure. Parents and others must 
evaluate the potential for improved function for the 
child against the risks of fetal death during or after 
surgery and fetal/maternal surgical morbidity. Fetal 
myelomeningocele is a nonlethal entity; in utero surgery 
for repair of myelomeningocele is potentially lethal.83

Although myelomeningocele is a primary embryologic 
disorder, neurologic damage is also secondary to pro-
gressive in utero damage to the exposed spinal cord.  
The development of techniques to close open NTDs 
before birth has generated great interest and hope for 
fetal interventions and outcomes. To date, preliminary 
observations from two centers suggest that improve-
ments may occur not in spinal cord function as originally 
postulated,84 but in the extent of the hindbrain hernia-
tion and the frequency that shunting is required to 
control hydrocephalus. In a report of 25 patients who 
underwent intrauterine myelomeningocele repair at 
Vanderbilt University, no improvement in leg function 
resulted from the surgery, but there was a substantially 
reduced incidence of moderate to severe hindbrain her-
niation (4% vs. 50%) and a moderate reduction in the 
incidence of shunt-dependent hydrocephalus (58% vs. 
92%).85 The hope for improved long-term neurologic 
improvement have not been realized. The number of 
U.S. centers is limited to three to prevent the uncon-
trolled proliferation of new centers offering this proce-
dure.86 Prospective parents electing surgery in the hope 
of mitigating possible damage to their child’s mental life, 
through the potential benefits of reduced hydrocephalus 
and hindbrain herniation,87 should be cautioned to care-
fully weigh the potential benefits of surgery against the 
potential risks of prematurity.87-90

MYELOCYSTOCELE

Myelocystocele is an uncommon form of spinal dysra-
phism. There is dilation of the central canal of the spinal 
cord. The central canal herniates posteriorly through the 
spinal cord and through the posterior neural arch to 
form an exterior sac. There may be no associated spina 
bifida lesion.

The sac is composed of three layers, from inner to 
outer: the hydromyelia sac, which is lined by spinal 
canal ependyma; the meningeal layer, which is contigu-
ous with the meninges around the spinal cord; and the 
skin. The fluid within the inner sac is continuous with 
the fluid of the central canal of the spinal cord; the fluid 
between the hydromyelia sac and the meningeal layer is 
continuous with the subarachnoid fluid.

Myelocystocele may occur at any level of the spine  
and is often associated with Chiari II malformation.91-93 



1264  PART IV ■ Obstetric Sonography

A B

C D

C

C

C

C

H

FIGURE 35-17. Myelocystocele. A, Coronal sonogram of thoracic spine at 18 weeks’ gestation demonstrates a double-walled cystic 
mass (arrows) with inner cystic component (c) arising from the upper thoracic area. B, Axial sonogram of the fetal chest 1 week later 
demonstrates a double-walled cystic mass (arrows) arising along the posterior aspect of the fetal chest; H, fetal heart. The inner cystic 
component (C) is slightly smaller and flattened compared to the first scan. No abnormality was noted in the ossified neural arch. C, 
Sonogram of the specimen demonstrates the double-walled cystic mass (white arrows) arising from the posterior thorax with a hypoechoic 
tract (black arrows) extending from the posterior aspect of the spinal cord (curved arrow) toward the central cystic component (C) of the 
posterior mass. D, CT scan of the specimen after injection of water-soluble contrast material into the cyst demonstrates contrast within 
the cyst (C) and within a sinus tract (small arrows), leading to the spinal cord (large arrow). 

Prenatal and postnatal sonography demonstrates a “cyst 
within a cyst” appearance (Fig. 35-17). Splaying of the 
laminae and pedicles may or may not be present. The 
prognosis for a myelocystocele is worse than for a simple 
meningocele; infants with a simple meningocele may 
remain normal neurologically after surgical repair. The 
prognosis with myelocystocele is worse because there is 
usually some degree of associated myelodysplasia (i.e., 
dysplasia of spinal cord). Although neurologic function 
is normal in the immediate postoperative period, neuro-
logic deficits often become apparent later in life.

A terminal myelocystocele occurs at the spinal cord 
termination. The central canal of the spinal cord herni-
ates with overlying arachnoid and cerebrospinal fluid 

through a defect in posterior spinal elements and pre-
sents as a skin-covered mass along the posterior aspect 
of the lumbosacral area. There may be associated malde-
velopment of the lower spine, pelvis, genitalia, bowel, 
bladder, kidneys, and abdominal wall. MRI provides the 
best imaging evaluation of the morphologic abnormali-
ties after birth.94-96

DIASTEMATOMYELIA

Diastematomyelia, also termed split-cord malforma-
tion, is a partial or complete sagittal cleft in the spinal cord, 
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E, Lateral view of the posterior cystic thoracic mass (C). F, Sagittal MR scan demonstrates the cystic mass 
along the upper thoracic area, with the small sinus tract (arrows) extending from the posterior aspect of the spinal cord (S) toward the 
cystic mass (C). G, Gross pathologic specimen demonstrates the collapsed cyst (C) in contiguity with the cervical portion of the spinal 
cord (S). H, Histologic section shows abnormal channel (arrows) communicating with the posterior aspect of the spinal cord (S), as well 
as defect in the posterior spinal cord (arrowheads) communicating with the central canal (CC) of the spinal cord; C, central cystic com-
ponent of posterior mass (M); E, ependymal lining of central cyst, which communicates with central canal of spinal cord; W, outer wall 
of cystic mass.
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FIGURE 35-17, cont’d. 

the distal conus of the cord, or filum terminale. Diastema-
tomyelia is characterized by a sagittal osseous or fibrous 
septum in the spinal cord.97,98 This may be associated with 
a spina bifida defect and hydromyelia (dilation of central 
canal of spinal cord) but may occur in the absence of overt 
spina bifida.99 Diastematomyelia may also be associated 
with segmental anomalies of the vertebral bodies or vis-
ceral malformations such as horseshoe or ectopic kidney, 
utero-ovarian malformation, and anorectal malforma-
tion. If the spinal canal is traversed by a bony septum or 
spur, the septum will appear as an abnormal hyperechoic 
focus,100-102 which is best demonstrated in the posterior 
transaxial and lateral longitudinal scan planes (Fig. 35-18). 
When diastematomyelia is not associated with other spinal 
anomalies, the prognosis is favorable. In seven of eight 
cases reported by Has et al.,103 the defects had normal 
amniotic AFP and AChE levels and were considered  
isolated. Their review of the literature showed 26 cases 
diagnosed prenatally, 12 of which had no associated 
abnormality and had a favorable prognosis.

SCOLIOSIS AND KYPHOSIS

Kyphosis is exaggerated curvature of the spine in the 
sagittal plane. Scoliosis is lateral curvature of the spine. 
Kyphosis and scoliosis may be positional and nonpatho-
logic or permanent based on an underlying structural 
abnormality, such as hemivertebrae, butterfly verte-
brae, and block vertebrae. Pathologic kyphosis and 
scoliosis are often associated with spina bifida or ventral 
abdominal wall defects.104 Less common associations 
include limb–body wall complex, amniotic band syn-
drome, arthrogryposis, skeletal dysplasias, VACTERL 
association,105,106 and caudal regression syndrome. Mild 
scoliosis may be caused by a hemivertebra.103,106

The posterior longitudinal scan is the best view to 
assess for kyphosis; the lateral longitudinal plane is the 
best to assess for scoliosis (Fig. 35-19). Because oligohy-
dramnios can cause positional curvature in the fetal 
spine, a confident diagnosis of pathologic kyphosis or 
scoliosis should be made only if the curvature is severe. 
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FIGURE 35-18. Diastematomyelia. A and B, Coronal and axial sonograms of the spine demonstrate two hyperechoic foci (arrow) 
caused by the bony septum within the spinal canal with intact skin along the fetal back. C, Anteroposterior radiograph, and D, CT scan, 
demonstrate a bony septum (arrows) within the central portion of the spinal canal. E, Diplomyelia and tethered cord. Posterior transaxial 
sonogram of another fetus shows cord in the nondependent portion of the spinal canal with fluid (F) interposed between the cord and 
anterior margin of the spinal canal. The anterior aspect of the cord has a bilobed shape instead of a smooth, circular arc with bilateral 
central canal echoes (arrows).

BA

FIGURE 35-19. Kyphosis. A, Sagittal scan (turned to match radiograph) of the fetus demonstrates an S-shaped curvature to the 
thoracolumbar spine. B, Lateral radiograph of the neonate demonstrates the severe S-shaped curvature of the thoracolumbar spine.



Chapter 35 ■ The Fetal Spine  1267

CAUSES OF SCOLIOSIS OR KYPHOSIS

Hemivertebrae
Butterfly vertebrae
Block vertebrae
Spina bifida
Ventral abdominal wall defects
Limb–body wall complex
Amniotic band syndrome
Arthrogryposis
Skeletal dysplasias
VACTERL* association
Caudal regression syndrome

*Vertebral abnormalities, anal atresia, cardiac 
abnormalities, tracheoesophageal fistula, renal agenesis, 
and limb defects.

Possible associated anomalies must then be sought 
because prognosis depends on the coexistent 
anomalies.

A hemivertebra represents underdevelopment or 
nondevelopment of one half of a vertebral body; that is, 
one of the two early chondrification centers is deficient. 
The remaining ossification center is displaced laterally 
with respect to the vertebrae above and below it, leading 
to a short-segment mild scoliosis. The abnormalities can 
be detected prenatally and may be best portrayed with 
3-D ultrasound.30-33 Fetuses with an isolated hemiverte-
bra have an excellent prognosis, whereas those with other 
fetal anomalies (e.g., Potter’s syndrome; cardiac, intesti-
nal, intracranial, and limb anomalies) have a poor prog-
nosis.107 The presence of associated anomalies reduces 
survival to approximately 50%. If oligohydramnios is 
also present, the mortality approaches 100%.108

SACRAL AGENESIS

Sacral agenesis is an uncommon fetal abnormality that 
may be present in conditions such as caudal regression 
sequence, sirenomelia sequence, cloacal exstrophy 
sequence, and the VACTERL association (vertebral 
abnormalities, anal atresia, tracheoesophageal fistula, 
renal dysplasia, and limb defects). The caudal regression 
sequence (caudal regression syndrome) and the sireno-
melia sequence are thought to be separate pathologic 
entities.109,110

CAUDAL REGRESSION

In caudal regression or dysplasia, abnormalities of the 
lower spine and limbs occur, including sacral agenesis, 
lumbar spine deficiency, and leg anomalies such as 
femoral hypoplasia (Fig. 35-20). Defects of the neural 
tube and the genitourinary, gastrointestinal, and cardiac 

systems are common. Occurrence is sporadic; caudal 
regression is more common in infants of mothers with 
diabetes mellitus. The etiology is not established. Sonog-
raphy can demonstrate absence of the sacrum and short-
ened femurs. The legs can be flexed and abducted at the 
hips, and there may be clubfoot. Sonography may detect 
associated urinary anomalies (renal agenesis, cystic dys-
plasia, caliectasis) and gastrointestinal abnormalities 
(e.g., duodenal atresia).111 The prognosis depends on the 
severity and extent of the skeletal abnormalities and asso-
ciated anomalies. In sacral agenesis with no internal 
organ involvement, there are usually deficits in the legs 
and deficient control of bladder and bowel functions. In 
infants with internal organ involvement, the prognosis 
is related to these defects.

SIRENOMELIA

Sirenomelia sequence is a rare disorder in which the legs 
are fused and the feet are deformed or absent112 (Fig. 
35-21). The cause is probably an aberrant fetal artery 
that branches from the upper abdominal aorta and passes 
into the umbilical cord to the placenta.113 Arterial blood 
flow bypasses the lower fetal body. The distal abdominal 
aorta, the aorta’s distal branches, and subtended struc-
tures are small and underdeveloped. This leads to mal-
formations of spine, legs, kidneys, gut, and genitalia. 
Normally the umbilical arteries, which arise from the 
fetal iliac arteries, carry blood from the fetus into the 
umbilical cord and then into the placenta.

At sonography, there is advanced oligohydramnios 
because of reduced or absent renal function. The legs are 
fused, or there is a single leg. The feet are absent, or there 
may be a single foot. There may be sacral agenesis, defi-
ciency of the lower lumbar spine, and thoracic anoma-
lies. These findings may be difficult to appreciate because 
of the advanced oligohydramnios or anhydramnios.109 
The prolonged anhydramnios causes pulmonary hypo-
plasia, which is usually fatal. The risk of recurrence is the 
same as in the general population.

SACROCOCCYGEAL TERATOMA

Fetal teratomas may arise from the sacrum or coccyx, 
from other midline structures from the level of the brain 
to the coccyx, or from the gonads.114 Sacrococcygeal 
teratomas arise from the pluripotent cells of Hensen’s 
node located anterior to the coccyx. Sacrococcygeal  
teratomas contain all three germ layers (ectoderm,  
mesoderm, and endoderm) and thus may contain ele-
ments of many tissues, including neural, respiratory, and 
gastrointestinal. Sacrococcygeal tumor is rare (1:35,000 
births)115 but the most common tumor of neonates. 
Females are affected four times more frequently than 
males. Sacrococcygeal teratomas are classified into four 
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FIGURE 35-21 Sirenomelia. A, Sagittal view of fetus at 12 weeks’ gestation shows unusual angulation of lower extremity. B, Long-
axis view of a single lower extremity. C, In a different fetus, radiograph shows single femur (F) and single tibia (T). Note the segmented 
defects in the vertebrae of the thoracic and lumbar spine (arrows).
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FIGURE 35-20. Caudal regression. A, Sagittal sonogram of spine at 21 weeks shows abrupt termination of ossified vertebral 
bodies. B, Transverse view of pelvis with legs in long axis shows lack of ossified pelvic bones and atrophic musculature about the lower 
extremities. C, Transverse color Doppler image at level of bladder shows lack of ossified pelvic bones. D, In a different fetal specimen, 
radiograph shows abrupt termination (arrows) of the lumbar spine and absence of the sacrum. The pelvic bones are small and deformed.
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types:115 type I, tumor predominantly external with only 
minimal presacral involvement; type II, tumor present-
ing externally but with significant intrapelvic extension; 
type III, tumor apparent externally but with predomi-
nant pelvic mass and extension into the abdomen; type 
IV, tumor presacral with no external presentation (Fig. 
35-22).114

At birth, 75% of sacrococcygeal teratomas are benign, 
12% are immature, and 13% are malignant. Because 
malignant potential increases with the age of the infant, 
surgery must be performed shortly after birth.

Sonography usually demonstrates a mass in the rump 
or buttocks area adjacent to the spine116 (Video 35-2). 
Most teratomas (85%) are either solid or mixed (solid + 
cystic); 15% are mostly cystic, which is a benign sign. 
Calcifications are frequently present. Large masses may 
displace and distort neighboring structures, such as the 
rectum and urinary bladder (see Fig. 35-21). Compres-
sion of the distal ureters may cause hydronephrosis. 
Larger solid tumors may develop substantial arterio-
venous shunting causing fetal cardiac failure and 
hydrops.117 The development of hydrops in the presence 
of a sacrococcygeal teratoma carries a poor prognosis, 

and these findings should precipitate a cesarean section 
for fetal salvage.117-121

PRESACRAL FETAL MASS

The differential diagnosis of a presacral fetal mass also 
includes chordoma, anterior myelomeningocele, neuren-
teric cyst, neuroblastoma, sarcoma, lipoma, bone tumor, 
lymphoma, and rectal duplication. Amniotic fluid AFP is 
often elevated in sacrococcygeal tumor, and AChE is often 
present in the amniotic fluid. These results exclude most 
other etiologies, except a myelomeningocele.

If a fetal sacrococcygeal teratoma is suspected from 
prenatal sonograms, serial sonograms should be arranged 
to monitor the pregnancy to assess for complications, 
especially signs of fetal cardiac failure. Complete fetal 
assessment should also include the internal characteris-
tics of the tumor, the size of the tumor, and associated 
fetal anomalies.

For masses less than 4.5 cm diameter, without associ-
ated abnormalities, elective vaginal delivery is recom-
mended. For masses greater than 4.5 cm diameter, 
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FIGURE 35-22. Sacrococcygeal teratoma. A, Sagittal sonogram shows type II sacrococcygeal teratoma (SCT) that is predomi-
nantly external but has a substantial intrapelvic component. The tumor extends up to level L5 and displaces the fetal urinary bladder (B) 
anteriorly. Note the calcifications (arrows) within the tumor. B, T2-weighted sagittal MR image demonstrates the extent and internal 
structure of the sacrococcygeal tumor (SCT); S, stomach. C, Lateral radiograph in a different neonate. (A and B courtesy Drs. Fong, Pantazi, 
and Toi, Mt. Sinai Hospital, Toronto.)

TYPES OF SACROCOCCYGEAL 
TERATOMAS

Type I (47%): external mass predominant
Type II (34%): external mass with significant 

internal component
Type III (9%): internal mass predominant, with 

smaller external component
Type IV (10%): presacral mass only

PRESACRAL MASSES

Sacrococcygeal teratoma
Chordoma
Anterior myelomeningocele
Neurenteric cyst
Neuroblastoma
Sarcoma
Lipoma
Bone tumor
Lymphoma
Rectal duplication
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elective cesarean section may be advisable because of the 
risk of dystocia and hemorrhage during vaginal delivery. 
In utero surgery for arteriovenous shunting has been 
described for treatment of fetal hydrops from congestive 
heart failure in early pregnancy (<30 weeks), but this 
should be considered only in experienced hands.117,118
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Familiarity with the normal development of the fetal 
chest is important both for recognizing chest anomalies 
and for understanding the consequences of these anoma-
lies. Accurate prenatal diagnosis of noncardiac thoracic 
lesions is essential in providing appropriate recommen-
dations for fetal karyotyping and in planning for in utero 
intervention and mode of delivery. Sonography is impor-
tant for recognition of thoracic lesions and assessment of 
their impact on mediastinal structures, because chest 
lesions can lead to compromised cardiac function and 
hydrops. Chest abnormalities may be associated with 
lethal pulmonary hypoplasia, fatal chromosomal abnor-
malities, and lethal structural anomalies. However, some 
chest lesions resolve in utero with minimal sequelae. In 
cases with unclear sonographic diagnosis or planned in 
utero interventions, fetal magnetic resonance imaging 
(MRI) is helpful.

DEVELOPMENT OF STRUCTURES 
IN THE CHEST

Pulmonary Development

In the human lung, there are five distinct stages of devel-
opment, during which the lung matures and the number 
of alveoli increases.1,2 At birth, the lungs are functional 
but structurally immature; the greatest increase in 
number of alveoli occurs postnatally. During the first 3 
years of life, the alveoli are formed through a septation 

process that increases the gas exchange surface area. It is 
important to understand that this lung development 
process is ongoing, and that space-occupying lesions, 
or extrinsic abnormalities that do not allow for normal 
lung growth, can lead to improper lung development.

Normal Sonographic Features  
of the Fetal Chest

The fetal lungs are identified by ultrasound as homoge-
neously echogenic tissue surrounding the heart, sepa-
rated by the hypoechoic, dome-shaped diaphragm from 
the abdominal organs (Fig. 36-1, A and B). The fetal ribs 
are highly echogenic, curved bony structures arising near 
the spine and extending anteriorly to encompass more 
than half the thoracic circumference. Lung echogenicity 
varies during gestation, in general increasing in echo-
genicity as lung development progresses.

Assessment of pulmonary size is important for evalu-
ation of fetuses at risk for pulmonary hypoplasia, par-
ticularly in cases of congenital diaphragmatic hernia 
(CDH), pleural effusions, prolonged oligohydram-
nios, and skeletal deformities. Methods to assess pul-
monary size include measurement of the thoracic 
circumference3 (Table 36-1), lung area (defined as inter-
nal thoracic area minus cardiac area in diastole on a 
transverse four-chamber view4), and three-dimensional 
(3-D) lung volumetry with ultrasound or MRI.5-7

The fetal lungs, thorax, and heart grow at similar  
rates, such that the normal cardiothoracic ratio remains 
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Normal Thymus

The fetal thymus can be identified as early as 14 weeks’ 
gestation in the anterior mediastinum. By the third tri-
mester, the thymus is visualized as an ovoid, relatively 
hypoechoic structure13,14 (Fig. 36-1, G and I ). The 
thymus contains spindle-shaped echogenicities that dif-
ferentiate it from the surrounding lungs.15 Thymus size 
varies greatly during gestation. Thymic imaging and mea-
surements are not performed routinely on prenatal scans. 
However, prenatal identification and measurement of the 
fetal thymus is important when DiGeorge syndrome is 
suspected. In addition, a large thymus will sometimes be 
confused with a mediastinal mass. It is therefore impor-
tant to recognize the normal appearance of the thymus. 
The normal thymic average transverse measurement is 
12 mm at 19 weeks’ gestation and 33 mm at 33 weeks.15 
The normal thymic average perimeter is 128 mm at 38 
weeks.13 Acute fetal thymic involution has been reported 
in association with chorioamnionitis.16

PULMONARY HYPOPLASIA  
AND APLASIA

Pulmonary hypoplasia is defined as a reduction in the 
number of cells, airways, and alveoli that results in an 
absolute decrease in the size and weight of the fetal lungs 
relative to gestational age.17-19 The earlier the insult to 
the fetal lungs, the more severe is the degree of pulmo-
nary hypoplasia.20 Pulmonary hypoplasia is a relatively 
common process that results in severe postnatal respira-
tory distress and associated high neonatal mortality,21 
with a high incidence of stillbirths (6.7%).18 The imma-
turity of the lungs contributes to the nonviability of 
fetuses less than 24 weeks.

Pulmonary hypoplasia can be primary or secondary 
and can be unilateral or bilateral depending on the etiol-
ogy and time of insult to the lungs. Primary pulmonary 
hypoplasia is very rare and is caused by a primary process 
in which the lung does not form normally. Unilateral 
pulmonary agenesis, in which no normal lung forms, 
has an incidence of 1 in 15,000 births and is associated 
with other congenital anomalies.22 Bilateral pulmonary 
agenesis is incompatible with postnatal life.

Secondary causes of pulmonary hypoplasia include 
masses that compress the lungs (e.g., CDH), skeletal 
malformations that do not allow the lungs to grow (e.g., 
thanatophoric dysplasia), and severe prolonged oligohy-
dramnios (e.g., bilateral renal agenesis). Other factors 
that contribute to pulmonary hypoplasia include hor-
monal influences, pulmonary fluid dynamics, and abnor-
mal fetal breathing movements.23 The majority of cases 
of pulmonary hypoplasia are associated with major struc-
tural or chromosomal abnormalities (Table 36-2).

Prenatal prediction of pulmonary hypoplasia and the 
degree of severity are crucial for parental counseling as 

constant in the second and third trimesters. On a normal 
four-chamber transverse view of the heart, the heart 
should occupy approximately one-third to one-half the 
sonographic diameter of the thorax.

The cardiac position and axis are constant in normal 
fetuses. The apex of the heart points left and touches the 
anterior chest wall. The posterior aspect of the right 
atrium lies to the right of midline.8

Familiarity with the normal anatomy and position of 
the fetal heart is crucial, along with in utero establish-
ment of the right and left sides of the fetus. The reference 
to cardiac position and situs is identified by noting the 
left atrium lies posteriorly, closest to the spine, and the 
right ventricle lies anteriorly, close to the chest wall. Any 
deviation in the position of the heart should prompt a 
search for cardiac or pulmonary abnormality. Anatomy 
of the fetal heart, including size and position, can be 
easily influenced by extracardiac thoracic anomalies.

Normal Diaphragm

Early in embryogenesis, the narrow pleuroperitoneal 
duct connects the pleural and peritoneal cavities. 
The development of the diaphragm, at about 9 weeks, 
divides the two cavities. The normal diaphragm and 
diaphragm motion can be visualized as early as 10 weeks 
of gestation.9-11 The diaphragm appears as a thin, 
hypoechoic, arched line separating the chest from intra-
abdominal contents (Fig. 36-1, C, D, and F ). It is best 
recognized as a dome on each side on sagittal and coronal 
views, with no difference in the height of the diaphragm 
on either side.12 The intact left hemidiaphragm is empha-
sized by the presence of the fluid-filled stomach in the 
abdomen. On the right side, however, meticulous effort 
may be required to identify the hypoechoic linear mus-
cular diaphragm between the liver and lung.

STAGES OF HUMAN LUNG 
DEVELOPMENT

1. Embryonic stage. Extends to about 7 weeks.
2. Pseudoglandular stage. Extends from 6 to 16 

weeks; the lungs resemble tubuloacinar glands, 
with epithelial tubes sprouting and branching 
into the surrounding mesenchyme.

3. Canalicular stage. Extends from 16 to 28 
weeks; the cuboid epithelium differentiates into 
type I and type II cells, with production of 
surfactant and formation of the first, thin, 
air-blood barriers.

4. Saccular stage. Extends from 28 to 36 weeks; 
the pulmonary parenchyma forms, the 
surrounding connective tissues thins, and the 
surfactant system matures.

5. Alveolar stage. Extends from the 36th week of 
gestation to the first 3 years of life.
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the setting of oligohydramnios in pregnancies resulting 
from premature rupture of membranes (PROM) is an 
accurate predictor for pulmonary hypoplasia.4 Clinically, 
the spectrum of outcomes ranges from mild respiratory 
insufficiency to neonatal death.

In cases of unilateral pulmonary hypoplasia or aplasia, 
there is mediastinal shift to the side of the hypoplastic 
lung, with no associated mass in the contralateral lung 
to explain the degree of mediastinal shift34 (Fig. 36-2). 
The contralateral lung will often be enlarged and echo-
genic.22 Unilateral pulmonary hypoplasia can also be 

well as for postnatal management planning, especially for 
neonates requiring intensive respiratory care immedi-
ately after birth.24 Proposed methods for prediction of 
prenatal pulmonary hypoplasia25 include estimation of 
lung volumes by 3-D ultrasound26,27 or by MRI,28,29 
thoracic circumference30,31 (Table 36-1), lung-to-head 
ratio,9,32 lung-to-body weight ratio,24 and Doppler 
studies of pulmonary arteries.33

Prognosis and management are variable and depend 
on the severity and nature of the associated conditions. 
For example, absence of fetal breathing movements in 
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FIGURE 36-1. Normal fetal chest. A, Sagittal view of torso at 13 weeks. Note liver (Li), lungs (Lu), and diaphragm. B, Four-
chamber view of the heart surrounded by the homogeneous echogenic lungs at 18 weeks. C, Coronal, and D, sagittal, views of chest at 
18 weeks show the dome-shaped hemidiaphragms (arrow) separating the lungs (Lu) from intraabdominal organs and the relative hypoechoic 
appearance of the liver (Li). E and F, Axial and sagittal views of fetal chest at 37 weeks. G, Normal appearance of fetal thymus (arrowheads) 
at 37 weeks’ gestation. H, Coronal T2-weighted MR image shows normal lungs and diaphragm at 37 weeks. I, Axial T2-weighted MR 
image of thymus (arrows) anterior to heart. The thymus is relatively hypoechoic to the surrounding lungs on ultrasound and relatively 
low intensity on MRI.
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TABLE 36-1. NORMAL THORACIC CIRCUMFERENCE AND LENGTH CORRELATED WITH 
MENSTRUAL (GESTATIONAL) AGE*

AGE (WK)

Predictive Percentiles

2.5 5 10 25 50 75 90 95 97.5

Thoracic Circumference (CM)
16 5.9 6.4 7.0 8.0 9.1 10.3 11.3 11.9 12.4
17 6.8 7.3 7.9 8.9 10.1 11.2 12.2 12.8 13.3
18 7.7 8.2 8.8 9.8 11.0 12.1 13.1 13.7 14.2
19 8.6 9.1 9.7 10.7 11.9 13.0 14.0 14.6 15.1
20 9.5 10.0 10.6 11.7 12.9 13.9 15.0 15.5 16.0
21 10.4 11.0 11.6 12.6 13.7 14.8 15.8 16.4 16.9
22 11.3 11.9 12.5 13.5 14.6 15.7 16.7 17.3 17.8
23 12.2 12.8 13.4 14.4 15.5 16.6 17.6 18.2 18.8
24 13.2 13.7 14.3 15.3 16.4 17.5 18.5 19.1 19.7
25 14.1 14.6 15.2 16.2 17.3 18.4 19.4 20.0 20.6
26 15.0 15.5 16.1 17.1 18.2 19.3 20.3 21.0 21.5
27 15.9 16.4 17.0 18.0 19.1 20.2 21.3 21.9 22.4
28 16.8 17.3 17.9 18.9 20.0 21.2 22.2 22.8 23.3
29 17.7 18.2 18.8 19.8 21.0 22.1 23.1 23.7 24.2
30 18.6 19.1 19.7 20.7 21.9 23.0 24.0 24.6 25.1
31 19.5 20.0 20.6 21.6 22.8 23.9 24.9 25.5 26.0
32 20.4 20.9 21.5 22.6 23.7 24.8 25.8 26.4 26.9
33 21.3 21.8 22.5 23.5 24.6 25.7 26.7 27.3 27.8
34 22.2 22.8 23.4 24.4 25.5 26.6 27.6 28.2 28.7
35 23.1 23.7 24.3 25.3 26.4 27.5 28.5 29.1 29.6
36 24.0 24.6 25.2 26.2 27.3 28.4 29.4 30.0 30.6
37 24.9 25.5 26.1 27.1 28.2 29.3 30.3 30.9 31.5
38 25.9 26.4 27.0 28.0 29.1 30.2 31.2 31.9 32.4
39 26.8 27.3 27.9 28.9 30.0 31.1 32.2 32.8 33.3
40 27.7 28.2 28.8 29.8 30.9 32.1 33.1 33.7 34.2

Thoracic Length (cm)
16 0.9 1.1 1.3 1.6 2.0 2.4 2.8 3.0 3.2
17 1.1 1.3 1.5 1.8 2.2 2.6 3.0 3.2 3.4
18 1.3 1.4 1.7 2.0 2.4 2.8 3.2 3.4 3.6
19 1.4 1.6 1.8 2.2 2.7 3.0 3.4 3.6 3.8
20 1.6 1.8 2.30 2.4 2.8 3.2 3.6 3.8 4.0
21 1.8 2.0 2.2 2.6 3.0 3.4 3.7 4.0 4.1
22 2.0 2.2 2.4 2.8 3.2 3.6 3.9 4.1 4.3
23 2.2 2.4 2.6 3.0 3.4 3.8 4.1 4.3 4.5
24 2.4 2.6 2.8 3.1 3.5 3.9 4.3 4.5 4.7
25 2.6 2.8 3.0 3.3 3.7 4.1 4.5 4.7 4.9
26 2.8 2.9 3.2 3.5 3.9 4.3 4.7 4.9 5.1
27 2.9 3.1 3.3 3.7 4.1 4.5 4.9 5.1 5.3
28 3.1 3.3 3.5 3.9 4.3 4.7 5.0 5.4 5.4
29 3.3 3.5 3.7 4.1 4.5 4.9 5.2 5.5 5.6
30 3.5 3.7 3.9 4.3 4.7 5.1 5.4 5.6 5.8
31 3.7 3.9 4.1 4.5 4.9 5.3 5.6 5.8 6.0
32 3.9 4.1 4.3 4.6 5.0 5.4 5.8 6.0 6.2
33 4.1 4.3 4.5 4.8 5.2 5.6 6.0 6.2 6.4
34 4.2 4.4 4.7 5.0 5.4 5.8 6.2 6.4 6.6
35 4.4 4.6 4.8 5.2 5.6 6.0 6.4 6.6 6.8
36 4.6 4.8 5.0 5.4 5.8 6.2 6.5 6.8 7.0
37 4.8 5.0 5.2 5.6 6.0 6.4 6.7 7.0 7.1
38 5.0 5.2 5.4 5.8 6.2 6.6 6.9 7.1 7.3
39 5.2 5.4 5.6 6.0 6.4 6.8 7.1 7.3 7.5
40 5.4 5.6 5.8 6.1 6.5 6.9 7.3 7.5 7.7

*From Chitkara U, Rosenberg J, Chevanak FA, et al. Prenatal sonographic assessment of thorax: normal values. Am J Obstet Gynecol 1987;156:1069-1074.

produced by space-occupying lesions, such as congenital 
cystic adenomatoid malformation (CCAM), CDH, or 
pleural effusion. The extent of pulmonary hypoplasia for 
a given amount of visualized lung is greater in fetuses 
with CDH than with CCAM, suggesting that in CDH 
there is a mechanism other than mass effect that limits 
pulmonary development.

CONGENITAL PULMONARY 
MALFORMATION SPECTRUM

An echogenic lesion in the fetal thorax (Table 36-3) 
or a cystic lesion in the fetal thorax (Table 36-4) can be 
part of the congenital pulmonary airway malformation 
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can have air trapping postnatally and therefore may have 
elements of congenital lobar emphysema.

Congenital Cystic Adenomatoid 
Malformation

Congenital cystic adenomatoid malformation accounts 
for about 25% of congenital lung masses,39 with an 
incidence of 1 in 25,000 live births.40 It is comprised of 
pulmonary tissue with abnormal bronchial proliferation 
that may involve either lung or any lobe. In greater than 
95% of cases, CCAM is limited to one lobe or segment, 
with 2% to 3% of CCAMs occurring bilaterally and with 
the right and left lungs equally affected.41

Cystic adenomatoid malformation results from a pul-
monary insult during embryologic development of the 

(CPAM) spectrum. This spectrum includes lesions that 
have been historically called congenital cystic adeno-
matoid malformation, bronchopulmonary sequestra-
tion, and congenital lobar emphysema. CCAM is a 
congenital hamartomatous lung lesion,35 and sequestra-
tion is normally developed lung tissue with systemic 
circulation. However, these lesions often occur 
together.36-38 For clarity, we describe these lesions sepa-
rately, but the reader should be aware that careful histo-
logic inspection will often find regions of CCAM in 
what appears to be a sequestration, as well as lesions that 
resemble a CCAM that often have both pulmonic and 
systemic feeding vessels. Both of these types of lesions 

TABLE 36-2. CAUSES OF  
PULMONARY HYPOPLASIA

PRIMARY 
PULMONARY 
HYPOPLASIA OR 
APLASIA

DEVELOPMENTAL 
ABNORMALITY

Thoracic space-occupying 
process

Congenital diaphragmatic hernia 
(CDH)

Congenital lung masses such as 
CCAM, sequestration, and 
bronchogenic cyst

Mediastinal mass: cardiac masses 
such as teratomas (rare)

Large pleural effusions
Oligohydramnios Bilateral renal agenesis

Prolonged preterm rupture of 
membranes

Skeletal and neural 
malformations

Skeletal dysplasias such as 
thanatotropic dysplasia or 
osteogenesis imperfecta

Chest wall tumors
Phrenic nerve abnormalities
Neuromuscular and CNS anomalies

Chromosomal anomalies 
and syndromes

Trisomies 13, 18, and 21
Robert syndrome

CCAM, Congenital cystic adenomatoid malformation; CNS, central nervous 
system.

TABLE 36-3. DIFFERENTIAL DIAGNOSIS OF ECHOGENIC LESION IN FETAL THORAX

ABNORMALITY LOCATION DISTINGUISHING FEATURES

Congenital cystic adenomatoid 
malformation (CCAM)

Unilateral
(2%-3% bilateral)

Cystic and solid

Sequestration Unilateral; left lower lobe most often Systemic blood supply
Congenital lobar emphysema Unilateral; upper lobe most often Similar to microcystic CCAM; enlarged echogenic lung 

with mediastinal shift
Congenital diaphragmatic hernia 

(CDH)
Typically unilateral; left sided most often Peristalsis of bowel in chest

Stomach above diaphragm
Absence of part of the diaphragm

Congenital high airway obstruction 
(CHAOS)

Bilateral Distended trachea and main central airways
Symmetrical bilateral enlarged lungs with eversion of 

hemidiaphragms

Right Left

FIGURE 36-2. Pulmonary hypoplasia. Axial sonogram 
demonstrates mediastinal shift to the right. No lung mass  
is present. Presumptive diagnosis was pulmonary hypoplasia,  
confirmed postnatally. (Courtesy Richard Barth, MD, Stanford 
University.)



1278  PART IV ■ Obstetric Sonography

the largest cyst with a single stick procedure (Fig. 36-3, 
G ) or placing a shunt. Rarely is open fetal surgery indi-
cated. A 2006 meta-analysis showed that shunting of 
CCAMs improved survival in fetuses with hydrops, 
versus no effect on survival in fetuses with chest masses 
without hydrops.49 The success with open fetal surgery 
in cases of CCAM ranges between 29% and 62%, but 
has the limitation of expected preterm delivery.50 Ante-
natal aspiration of a macrocystic CCAM is an effective 
treatment at times51 but frequently is ineffective because 
of rapid reaccumulation of the cysts. Steroid therapy may 
also be beneficial, given the hypothesis that increasing 
lung maturity improves survival.52

Associated anomalies, most often renal, intestinal,  
and cardiac, are present in up to 26% of cases,36,45 more 
frequently when CCAM is bilateral.41 Chromosomal 
anomalies in association with CCAM are rare. Thus, if 
no other structural abnormalities are detected, karyotyp-
ing usually is not performed.

Magnetic resonance imaging can be helpful in evalu-
ation and management of CCAM (Fig. 36-3, H, I ), 
particularly for fetal surgeons when hydrops and polyhy-
dramnios necessitate surgery.53 Type I or type II CCAM 
lesions have very high signal intensity on T2-weighted 
imaging, almost equal to that of amniotic fluid, and 
much higher than that of the surrounding unaffected 
lung tissue. Type III CCAM lesions have moderately 
high signal intensity and are relatively homogeneous. As 
the lesions regress, they develop low signal intensity on 
T2-weighted imaging54 and may be associated with a 
small pleural effusion.

If the fetus does not develop hydrops before 26 weeks, 
the prognosis is generally good.55,56 Therefore, surveil-
lance of the growth of these lesions is typically performed 
at frequent intervals (every 1-2 weeks) throughout the 
second trimester. CCAMs tend to regress in the third 
trimester. As they regress, they may become isoechoic 
with normal adjacent lung and thus may become inap-
parent late in gestation. If originally present, mediastinal 
shift can resolve. Although regression of CCAM on pre-
natal ultrasound is common, the lesion does not com-
pletely disappear.55 Up to 40% of neonates with prenatal 

bronchial tree before the seventh week of gestation, 
resulting in failure of bronchial maturation and lack of 
normal alveoli. Histologically, CCAM is differentiated 
from other lung masses by the absence of bronchial 
cartilage and bronchial tubular glands, with overproduc-
tion of terminal bronchiolar structures without alveolar 
differentiation, except in the subpleural areas.42-44 The 
resulting cystic lesions result in enlargement of the 
affected lobe (or segment). If sufficiently large, CCAM 
will result in mediastinal shift and interfere with normal 
alveolar development in the adjacent lung. Communica-
tion with the tracheobronchial tree usually is retained, 
with vascular supply and venous drainage to the pulmo-
nary circulation, unless CCAM is associated with 
sequestration.

Typically, CCAMs are divided into three types. Type 
I is the most common, with variably sized cysts measur-
ing 2 to 10 cm. Type II has uniform cysts less than 2 cm 
in greatest diameter. Type III CCAM has small cysts less 
than 0.5 cm and appears grossly solid.45

Sonographic diagnosis is made as early as 16 weeks. 
CCAM may appear as a solid echogenic lung mass or as 
a mixed, cystic and solid mass (Fig. 36-3; Video 36-1). 
Color Doppler ultrasound may demonstrate vascular 
flow to the lesion from a branch of the pulmonary artery. 
Typically, there is no systemic feeding vessel, although 
as mentioned, CCAM can occur in concert with seques-
tration. The lesions with microcysts appear solid and 
echogenic, whereas the macrocystic CCAM has easily 
demonstrable cysts. Occasionally, only a single large cyst 
is visualized.

As with any chest mass, it is important to assess  
for associated mediastinal shift, polyhydramnios, and 
hydrops because these factors impact prognosis and man-
agement.46,47 It is the size of the CCAM rather than the 
size of the cysts that determines whether or not the fetus 
develops hydrops. Large CCAMs result in cardiac com-
pression, leading to altered hemodynamics and hydrops 
as a result of elevated central venous pressure.48 Untreated 
hydrops as a result of CCAM has an anticipated mortality 
of 100%. Hydrops is therefore an indication for in utero 
fetal therapy, which generally consists of either draining 

TABLE 36-4. DIFFERENTIAL DIAGNOSIS OF CYSTIC LESION IN FETAL THORAX

ABNORMALITY BILATERAL VS. UNILATERAL DISTINGUISHING FEATURES

Congenital cystic adenomatoid 
malformation (CCAM)

Unilateral
(2%-3% bilateral)

Associated with echogenic lung mass, typically multiple cysts

Congenital diaphragmatic hernia 
(CDH)

Typically unilateral Peristalsis of bowel in chest
Stomach above diaphragm

Teratoma Mass does not obey lobar boundaries; may have calcifications.
Neurenteric cyst Adjacent to spine
Bronchogenic cyst Typically single cyst
Esophageal duplication Adjacent to esophagus
Lymphangioma Crosses anatomic boundaries
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The timing of surgical resection of CCAM remains con-
troversial, but most centers favor elective surgical resec-
tion early in life.60

Bronchopulmonary Sequestration

Bronchopulmonary sequestration is an anomaly in which 
nonfunctioning pulmonary tissue is not in normal con-
tinuity with the native tracheobronchial tree61 and has 
a blood supply from the systemic circulation. Seques-
trations account for up to 6% of congenital lung  

diagnosis of CCAM are symptomatic at birth and require 
intervention or respiratory support.57 Therefore, delivery 
should be at a site with appropriate neonatal intensive 
care unit (NICU) services. Because the lesion may be 
inapparent on chest radiography after birth, postnatal 
computed tomography (CT) or MRI may be needed to 
visualize the lesion. Postnatal removal of asymptomatic 
masses is performed because of potential secondary 
infection, hemorrhage, and risk of carcinomas arising in 
CCAM.58 In addition, CCAM may prevent future 
normal lung growth if the lung lesion is not resected.59 
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FIGURE 36-3. Congenital cystic adenomatoid malformation (CCAM). A, Axial sonogram at 28 weeks shows a homo-
geneously echogenic mass (calipers) in the mid–left hemithorax with no large cysts or feeding vessels. There is mild mediastinal shift to 
the right. B, Axial sonogram of right-sided CCAM (arrow) at 20 weeks with small cysts, the largest of which is 8 mm (arrowhead). There 
is moderate mediastinal shift to the left. C, Sagittal oblique sonogram shows CCAM everting the hemidiaphragm (arrow). D, Transverse 
view of chest with CCAM containing small cysts and mild mediastinal shift. E and F, Axial and oblique coronal images at 25 weeks in a 
macrocystic CCAM (arrow) with eversion of the hemidiaphragm, trace ascites (arrowhead), and severe mediastinal shift with compression 
of the heart (HT). G, Ultrasound-guided percutaneous drainage of CCAM. A 20-gauge needle was inserted into the largest cyst with relief 
of cardiac compression. H, Coronal T2-weighted MR image shows a well-circumscribed area of T2 hyperintensity (arrow) in the left 
upper lobe. I, Oblique coronal T2-weighted MR image shows a well-circumscribed area of low T2 signal, in a fetus with a typical, resolv-
ing CCAM.
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left posterior costodiaphragmatic sulcus between the 
lower lobe and the hemidiaphragm.66 Extralobar seques-
trations occur below the diaphragm in suprarenal loca-
tions in 10% to 15% of cases (with a differential diagnosis 
of neuroblastoma and adrenal hemorrhage).67 Rarely, 
sequestration may present as a mediastinal or pericardial 
mass.68

Intralobar sequestration comprises abnormal lung 
tissue with systemic arterial supply within the normal 
lung, sharing the visceral pleura and draining to pulmo-
nary veins.66 It occurs more often in the lower lobe than 
upper lobe and slightly more often on the left.63

Sequestration can be detected on prenatal sonogram 
as early as 16 weeks’ gestation.69 Typically, a sequestra-
tion appears as a well-defined, homogeneous, echogenic 
wedge-shaped pulmonary mass in the lower lobe adja-
cent to the hemidiaphragm (Fig. 36-4). Classically, these 
lesions do not have cysts. However, cysts can result from 

malformations.62,63 Concomitant anomalies associated 
with sequestration include CDH, diaphragmatic even-
tration and paralysis, bronchogenic cyst, ectopic pan-
creas, vertebral anomalies, and foregut duplication.

There are two main types of sequestration: intralobar 
and extralobar. A third variant is suggested when com-
municating bronchopulmonary foregut malformation is 
present.64

Extralobar sequestration represents the vast majority 
of fetal sequestrations. This lesion is a supernumerary 
lung bud invested by its own pleura, typically deriving 
its blood supply from the splanchnic vessels surrounding 
the foregut, which results in the systemic blood supply.65 
The venous drainage is usually through a single vessel 
into the azygous, hemiazygos, and/or the vena cava 
system. In up to 25% of cases, however, the extralobar 
sequestration is partially drained through pulmonary 
veins. Extralobar sequestration is typically found in the 
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FIGURE 36-4. Bronchopulmonary sequestration at 
19 weeks’ gestational age. A and B, Axial and oblique 
coronal images show a left-sided, homogeneous echogenic mass  
with mild mediastinal shift and flattening of the hemidiaphragm.  
C, Color Doppler demonstrates a feeding vessel extending directly 
from the infradiaphragmatic aorta to the mass, thus proving it is a 
sequestration.
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dilated bronchioles or hybrid lesions of concomitant 
CCAM. Sequestration can be distinguished from other 
congenital lung masses by identifying on Doppler inter-
rogation a systemic artery arising from the thoracic or 
abdominal aorta feeding the mass. Determination of 
where the vessel arises is important for counseling parents 
about the approach that will be needed for postnatal 
surgical removal of the mass.

Small sequestrations with minimal mediastinal shift 
have a benign clinical course.38 As with other chest 
masses, a large sequestration may result in mediastinal 
shift. However, most prenatally detected sequestrations 
are of small or medium size. These lesions usually regress 
in size during gestation.38,47 Large sequestrations can be 
complicated by pleural effusions and with hydrops can 
lead to increased prenatal mortality. For such compli-
cated cases, the pleural effusion can be treated with pleu-
roamniotic shunting and drainage.70,71

Congenital Lobar Emphysema

Congenital lobar emphysema (CLE) is a rare congenital 
lung malformation manifesting as progressive lobar over-
inflation of the lung without destruction of alveolar 
septa. CLE results from maldevelopment of a lobar or 
segmental bronchus. It occurs in the upper lobes more 
than lower lobes. On prenatal ultrasound, CLE is similar 
in appearance to microcystic CCAM, manifesting as an 
echogenic mass that is relatively large and typically causes 
mediastinal shift because of its size72 (Fig. 36-5). As with 
CCAM, the lesion can regress in utero.73 Because of the 
nonspecific appearance, even if it regresses in size, post-
natal follow-up is required because air trapping and 
respiratory distress may necessitate lobar resection early 
in neonatal life.74

CONGENITAL HIGH AIRWAY 
OBSTRUCTION

Congenital high airway obstruction (CHAOS) is a spec-
trum of conditions characterized by incomplete or  
complete obstruction of the high fetal airway.75,76 Any 
fetal abnormality that obstructs the larynx or trachea, 
causing intrinsic atresia or extrinsic compression results 
in CHAOS. Laryngeal atresia is the most frequent 
cause. Other etiologies include laryngeal or tracheal 
webs, laryngeal cysts, tracheal atresia, subglottic ste-
nosis or atresia, and laryngeal or tracheal agenesis.77 
If untreated, CHAOS is almost always lethal.76

Although sporadic with unknown incidence, CHAOS 
can be part of various chromosomal disorders.78,79 It can 
also be familial with autosomal dominant inheritance 
and variable expression.80 Laryngeal atresia can occur as 
part of Fraser syndrome (tracheal or laryngeal atresia, 
renal agenesis, microphthalmia, and syndactyly or poly-
dactyly) with autosomal recessive inheritance.79,81

Prenatal ultrasound findings can be visualized as early 
as 16 weeks’ gestation.82 Findings include bilateral sym-
metrically enlarged echogenic lungs, dilated fluid-filled 
trachea and central bronchi, and flattened or everted 
diaphragms83,84 (Fig. 36-6). The heart usually assumes a 
more central and anterior position than normal and is 
often compressed as the size of the lungs increases.77 
Frequently, there are associated findings of ascites and 
other signs of hydrops. The mechanism of ascites may 
be from compression of the heart and great vessels by 
the enlarged lungs.85 Either polyhydramnios or oligohy-
dramnios may be present.

The lungs are distended and appear homogeneously 
echogenic because of increased fluid and increased lung 
growth induced by the upper airway obstruction.77 The 
increased number of tissue-fluid interfaces produces the 
hyperechoic appearance of the lungs. Lung volume can 
increase up to 15 times the expected size. The hyperplas-
tic lungs are edematous but otherwise histologically 
normal.77

Magnetic resonance imaging can be used to identify 
the region of obstruction and assist in decisions regard-
ing in utero intervention and intrapartum procedures. 
Characteristic findings include increased lung volume, 
diffuse increase in lung intensity on T2-weighted images, 
and a dilated fluid-filled trachea.83

Greater than 50% of fetuses with laryngeal obstruc-
tion have associated abnormalities, most often in the 

Right

Left

FIGURE 36-5. Congenital lobar emphysema. Axial 
image of the chest shows an enlarged, diffusely echogenic right 
lung. Although this appearance would more often be caused by a 
congenital cystic adenomatoid malformation, the postnatal diag-
nosis was congenital lobar emphysema. (Courtesy Richard Barth, 
MD, Stanford University.)
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utero intrapartum treatment (EXIT) procedure.86,87 
The EXIT procedure involves tracheostomy placement 
below the level of the obstruction while maternal placen-
tal circulation is maintained.

BRONCHOGENIC CYST

Bronchogenic cysts are rare anomalies that result from 
abnormal budding or branching of the tracheobronchial 

renal system and central nervous system (CNS). At 
times, CHAOS can be present in association with a 
tracheoesophageal fistula. This fistula acts as an alter-
native pathway for the accumulated fluid, leading to a 
decrease in lung volume, reversal of diaphragmatic ever-
sion, and resolution of ascites and polyhydramnios.75

If untreated, laryngeal and tracheal atresia can lead to 
death either in utero from hydrops or within minutes 
after birth from respiratory compromise. Neonatal sur-
vival is possible if the delivery is performed with the ex 
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FIGURE 36-6. Congenital high airway obstruction syndrome (CHAOS) at 19 weeks. A and B, Axial and coronal 
views of the chest show diffusely enlarged, echogenic lungs bilaterally with eversion of the hemidiaphragms (arrows) and ascites (arrowhead). 
C and D, Axial and coronal T2-weighted MR images show increased lung volume and fluid-filled airways (arrows). (Courtesy Katherine 
Fong, MD, University of Toronto.)
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cysts can have a septated or bilobed appearance. Associ-
ated spinal abnormalities are typically present.95-98

PLEURAL EFFUSION

Fetal pleural effusion is rare, with an incidence of up to 
1 in 15,000 pregnancies.99,100 Males are slightly more 
affected than females.101 Any fluid in the pleural space is 
abnormal. If sufficiently large, pleural effusion may 
result in mass effect, leading to compression of the heart 
and hydrops as well as compression of the lungs, result-
ing in pulmonary hypoplasia.102

Primary pleural effusion is most often caused by 
chylothorax,103 which results from defective develop-
ment of the lymphatic system. Any insult to the course 
of the thoracic duct in the posterior mediastinum in the 
fetal chest can result in chylous fetal pleural effusion.104 
This can be on either the right or the left side, because 
the thoracic duct in the posterior mediastinum crosses 
from right to left at the fifth thoracic level. Primary 
pleural effusion is suspected when the effusion is unilat-
eral or is much larger on one side than the other, and no 
other signs of hydrops are present. However, once 
hydrops develops (cardiac compression from unilateral 
effusion), this distinction can be difficult.

Primary chylothorax is associated with aneuploidy in 
1.8% to 5.8% of cases.105,106 By definition, chylothorax 
in neonates is identified when fluid contains more than 
1.1 mmol/L triglycerides with oral fat intake, with lym-
phocyte proportion exceeding 80%.107 However, the 
fetus is fasting in utero, and the mean percentage of 
lymphocytes in the blood of normal fetuses is normally 
greater than 80%.108 Therefore, these parameters do not 
apply in utero.

Secondary pleural effusion occurs in association 
with aneuploidy, infection, genetic syndromes, and 
other structural malformations.105,109 These syndromes 
typically present with bilateral pleural effusions (particu-
larly in fetuses with hydrops),104 but occasionally with 
unilateral effusion.

Pleural effusions appear on prenatal ultrasound as 
anechoic fluid collections in the pleural space, leading to 
the appearance of the lung floating in the fluid, sur-
rounded by the chest wall and diaphragm110 (Fig. 36-8; 
Video 36-2). Small effusions appear as an anechoic thin 
rim outlining the lungs and the mediastinum. Larger 
unilateral effusions result in mass effect causing medias-
tinal shift and flattening or eversion of the diaphragm. 
If isolated and small, pleural effusions have a benign 
course. If large with mass effect, untreated fetal pleural 
effusion has a mortality rate of 22% to 53%.99,101,104,111,112

Small pleural effusions do not shift the mediastinum. 
Pleural effusions associated with hydrops may be unilat-
eral or bilateral, often beginning as unilateral collections 
that progress bilaterally. If mediastinal shift is visualized 
in association with a small pleural effusion, a chest mass 

tree. They are most often located in the mediastinum in 
the subcarinal region.88 However, 15% of bronchogenic 
cysts occur in the lungs, pleura, and diaphragm. They 
account for 11% to 18% of mediastinal masses in infants 
and children.89,90 The cyst is lined by ciliated mucus-
secreting bronchial epithelium and may be mucus filled. 
Although the mediastinal cysts do not communicate 
with the bronchopulmonary tree, intrapulmonary cysts 
usually do.

Bronchogenic cysts range in size from a few millime-
ters to more than 5 cm. On prenatal ultrasound, they 
usually appear as anechoic unilocular intrathoracic cysts 
(Fig. 36-7), at times with layering echogenic material.91,92 
If the cyst does not cause mass effect, it typically will  
not cause a problem in utero. However, if the cyst  
compresses the airway, it can lead to airway obstruction 
at birth.93 The main differential diagnosis is CCAM. 
However, CCAM usually has more than one cyst and an 
associated echogenic mass with mass effect. If a broncho-
genic cyst causes obstruction, it may lead to the distal 
lung accumulating fluid, masquerading as an echogenic 
lung lesion such as CCAM or sequestration. Fetal MRI 
can be helpful in cases with unclear diagnosis.93 Surgical 
resection for bronchogenic cysts is performed postnatally 
because of the associated increased risk for hemorrhage, 
infection, or malignancy.94

NEURENTERIC CYST

Neurenteric cysts represent a posterior enteric remnant 
caused by incomplete separation of the notochord from 
the foregut during embryogenesis. They typically occur 
in the posterior mediastinum or in the spinal canal. The 

FIGURE 36-7. Bronchogenic cyst at 22 weeks. Color 
Doppler transverse image shows a cyst (arrow) adjacent to vessels 
without associated solid mass.
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FIGURE 36-8. Pleural effusion. A and B, Axial and coronal views of small pleural effusions at 25 weeks (arrows). C, Axial view 
of effusion at 28 weeks with mild mediastinal shift. D, Axial view shows moderate bilateral effusions outlining the lungs. The effusions 
are about the same size, so there is no mediastinal shift. E and F, Axial and oblique sagittal views at 17 weeks show a large left effusion  
(L) with severe mediastinal shift to the right (R).
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organogenesis.118 A “dual hit” hypothesis suggests that 
the defect arises in the embryologic period (first hit) and 
during further gestation, lung development is impaired 
(second hit).119 The defect in the diaphragm allows her-
niation of viscera into the chest. Mass effect from visceral 
organs in the chest has an adverse impact on the normal 
development of the fetal cardiac and pulmonary systems. 
Thus, CDH is associated with substantial morbidity  
and mortality.120-123 The incidence of CDH is about 1 
in 3000 births.

The majority of hernias are on the left (84%) and 
occur predominantly through the posterolateral foramen 
of Bochdalek. CDHs occur on the right in 10% to 15% 
of cases and are bilateral in less than 5%.124,125 Only a 
few cases of Morgagni hernia (anterior diaphragmatic 
defect) have been reported prenatally.126-128 Complete 
agenesis of the diaphragm, herniation of the central 
tendinous part, pericardial hernia, and eventration of 
the diaphragm are rare manifestations.9

Left-Sided Hernia

Left-sided CDH is most often diagnosed when the 
stomach is in the chest near the left atrium, with absence 
of the normal stomach below the diaphragm (Fig. 36-10; 
Videos 36-3 and 36-4). Small and large bowel as well 
as the liver, spleen, and kidney can herniate into the 
thorax. As the abdominal contents herniate into the 
chest, mediastinal shift occurs with the heart deviating 
to the right.9,125,129 In large hernias, mediastinal shift is 
severe, leading to vascular compromise. Compression of 
the heart, impaired swallowing, and partial obstruction 
of the gastrointestinal tract lead to polyhydramnios, 
which is present in up to 69% of cases, particularly late 
in gestation (by the third trimester).121,130,131

such as a hernia or congenital pulmonary malformation 
should be sought. Larger effusions will lead to flattening 
of the hemidiaphragms, and when sufficiently large, 
mediastinal shift.

Prenatal pleural effusion has a variable natural course 
ranging from spontaneous resolution to progressive 
development of hydrops fetalis and polyhydramnios 
with high risk for perinatal morbidity and mortality.104 
Good prognostic factors include absence of associated 
abnormalities, unilateral effusion, no associated hydrops, 
and spontaneous resolution, which may occur in up to 
20% (has been associated with 100% survival).101,104,112 
Poor perinatal outcome is associated with pleural effu-
sion in association with hydrops, underlying structural 
abnormalities, pulmonary hypoplasia, and early gesta-
tional age at diagnosis.101,102

Pleural effusions are treated by drainage if the effusion 
is isolated (or asymmetrical) without additional anoma-
lies, typically in fetuses at risk for developing hydrops 
(i.e., those with severe mediastinal shift or with other 
signs of hydrops already present).49 Typically, a pleural 
effusion is drained with a single stick procedure.113 If it 
recurs, placement of a thoracoamniotic shunt is an 
option.114 A recent systematic review of prenatal inter-
vention for isolated primary pleural effusion without 
hydrops suggested that survival rates after prenatal inter-
vention are as high as 60%.100 Case reports of other 
treatment options include pleurodesis and intrapleural 
injection of autologous blood, which have a survival rate 
of 80%.115,116 A series of 44 fetuses found thoracoamni-
otic shunts to have a high survival rate in nonhydropic 
fetuses of 100%, with survival of 50% in the hydropic 
group.4 Risks of prenatal thoracoamniotic shunts include 
fetal hemorrhage, blockage or migration of the shunt, 
and placental abruption or preterm labor. In cases of 
large effusions, drainage immediately before delivery can 
assist in airway management at birth.

PERICARDIAL EFFUSION

In contrast to pleural effusions that surround the lungs 
and compress the tissue medially, pericardial effusions 
are anteromedial fluid collections. Fluid collections of up 
to 2 mm in thickness are common, and a small amount 
of pericardial fluid (up to 7 mm, in isolation) can be a 
normal finding.117 A large pericardial effusion compresses 
the lungs against the posterior chest wall (Fig. 36-9). The 
heart is visualized as “floating” within the anterior tho-
racic fluid collection.

CONGENITAL DIAPHRAGMATIC 
HERNIA

Congenital diaphragmatic hernia results from failure  
of the pleuroperitoneal canal to close at the end of  

FIGURE 36-9. Pericardial effusion. Note how the lungs 
(arrows) are compressed posteriorly by the effusion surrounding 
the heart.
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shift. Because of the high rate of associated cardiac 
abnormalities, formal fetal echocardiography is indicated 
in fetuses with CDH.

Prenatal sonographic diagnosis of CDH can be made 
as early as the first trimester.124,132 With the increased use 

Because left-sided hernias with mediastinal shift com-
press the left heart, they can lead to underdevelopment 
of the left heart. Mediastinal shift often makes it difficult 
to assess for hypoplastic left-sided heart in association 
with CDH, versus compression caused by mediastinal 
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FIGURE 36-10. Left-sided congenital diaphragmatic hernia (CDH). A, Axial view of chest at 28 weeks’ gestation shows 
the stomach (arrow) in the chest with mediastinal shift to the right. B, Coronal image in a different fetus at 28 weeks shows a slightly 
distended stomach (arrow) in the chest. C, Oblique sagittal image shows a large amount of liver (Li) in the chest. Note the hepatic vessels 
(arrows). D, Axial view of abdomen shows abnormal course of umbilical vein (arrowhead) resulting from the liver herniation into the 
chest. E, Oblique axial view of chest shows kinked hepatic vessels. F, Axial view in the right lower quadrant shows the associated polyhy-
dramnios complicating the pregnancy in the same fetus. G, Sagittal T2-weighted fetal MR image shows the small bowel (arrow) and colon 
(arrowhead) in chest with small pleural effusion. H, Sagittal T1-weighted fetal MR image shows liver (arrow) in chest. Note bright signal 
of meconium in colon (C) in chest, as well as small bowel loops (arrowhead) in chest. I, Postnatal radiograph shows the bowel in the left 
chest, nasogastric tube in the left chest, and a tiny, hypoplastic right lung.
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of first-trimester nuchal translucency screening, it is 
expected that early diagnosis of CDH will increase.124 
Overall prenatal detection rate is 59% in European 
countries. However, detection rate in centers with 
screening programs is as high as 74%, with an increased 
detection rate when CDH is associated with other anom-
alies.133 Paradoxical movement of abdominal contents 
during fetal inspiration on real-time sonogram may help 
to confirm CDH, along with traditional sonographic 
findings.121 Fetal MRI is a helpful modality to diagnose 
or confirm the presence of diaphragmatic defect and to 
assess involvement of the liver in the hernia.54,134 MRI 
also allows lung volumetry to be performed.9

At times, a left-sided hernia will be present with the 
stomach in the abdomen and only small bowel loops in 
the chest. Real-time ultrasound can demonstrate peri-
stalsis of the bowel in the chest. The abdominal circum-
ference is often small, with a scaphoid shape of the 
abdomen secondary to displacement of viscera into  
the chest.135

In most left-sided hernias the left lobe of the liver 
herniates into the chest. The diagnosis of liver in the 
chest is made by direct visualization of the liver (Video 
36-5). At times, sonographic detection of intrathoracic 
liver is difficult because of the liver’s isoechoic appear-
ance with the fetal lung. In these cases, examination of 
the course of the portal and hepatic veins is helpful to 
demonstrate hepatic vessels extending into the chest.124 
The intra-abdominal hepatic vein takes a curved course, 
and the left portal vein branches will be seen at or above 
the diaphragm.136

Right-Sided Hernia

In a right-sided hernia, the liver herniates into the chest, 
and mediastinal shift is to the left (Fig. 36-11; Video 
36-6). Liver echogenicity can appear similar to the lung, 
so visualization of gallbladder and hepatic vessels in the 
thorax are helpful in confirming the diagnosis. Bowel can 
also herniate, but the stomach is located below the dia-
phragm. Because of kinking of the intrahepatic inferior 
vena cava, ascites (with fluid extending into the chest) 
and hydrops are common. Absence of the hypoechoic 
muscular diaphragm on the right helps in differentiating 
CDH from other fetal chest masses.

Other Hernias and Eventration

In bilateral hernias the falciform ligament is drawn into 
the hernia.137,138 Mediastinal shift is variable, but typi-
cally the heart is displaced anteriorly and superiorly. 
Features of both right and left CDH are present.

Pericardial hernias result from failure of the retroster-
nal portion of the septum transversum to close the com-
munication between the pericardial and peritoneal 
cavities.139 The liver may herniate into the pericardial 
sac.127,128,139 Pericardial effusion results from mass effect 

on the heart and obstruction of venous return or from 
mechanical irritation of membranes.1,140 Because the dif-
ferential diagnosis of a pericardial mass includes pericar-
dial tumors such as teratoma, it is important to recognize 
the liver as part of the hernial sac contents by identifying 
the hepatic vessels in the mass.127

In diaphragmatic eventration the intact diaphragm 
is displaced cephalad at the weakened muscular portion, 
without communication between the abdominal and 
thoracic cavities141 (Fig. 36-12). Diaphragmatic eventra-
tion is associated with lower perinatal mortality com-
pared to CDH and may not require surgical repair.1 
Thus it is crucial to make the distinction between the 
two diagnoses to provide appropriate counseling. Dia-
phragmatic eventration can be diagnosed on both ultra-
sound and fetal MRI.54

Associated Anomalies

Congenital diaphragmatic hernia may be an isolated 
defect or may be associated with other structural, chro-
mosomal, or syndromal anomalies. Associated anomalies 
are present in 25% to 55% of cases. Congenital heart 
disease is the most common association, with hemody-
namically significant heart disease in 11% of cases.142 
Because of the high rate of associated cardiac abnormali-
ties, formal fetal echocardiography is indicated in fetuses 
with CDH.

Associated CNS anomalies are second in frequency  
of associated structural abnormalities in CDH fetuses, 
including anencephaly, ventriculomegaly, and neural 
tube defects.143,144 Chromosomal abnormalities occur in 
10% to 20% of antenatally detected CDH, the most 
common being trisomy 18.9,133,144,145 Chromosomal 
abnormalities are most common when CDH is present 
in association with other structural abnormalities. Given 
the high association with aneuploidy, amniocentesis  
for fetuses diagnosed at the appropriate gestational age 
is typically performed. Associated syndromes include 
Fryn, Beckwith-Wiedemann, Simpson-Golabi-Behmel, 
Brachmann–de Lange, and Perlman.146

Morbidity and Mortality

It is difficult to give precise figures for mortality of CDH, 
because survival is improving with better care. However, 
prenatally detected CDH has a worse prognosis than 
CDH diagnosed at birth. Mortality varies widely depend-
ing on gestational age at diagnosis, side of the hernia 
(right-sided hernias have poorer survival than left-sided 
hernias,9,147 and bilateral hernias have worse prognosis 
than do unilateral hernias), associated abnormalities, size 
of hernia, liver position,74,134 presence of hydrops, degree 
of mediastinal shift,32,120,124,131,148-150 polyhydramnios,131 
and size of the residual lung.32 Table 36-5 provides 
examples of using imaging findings to predict prognosis 
(survival predictors).
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postnatally, and only 165 (24%) survived. More recent 
studies show improved survival rates. In a 1999-2001 
trial, survival of fetuses (without in utero intervention) 
with lung-to-head ratio of <1.4 and liver in the chest 
(i.e., fetuses presumed to have poor survival rates) was 
77%.151 Improved overall survival rates in recent years 
have been attributed to alterations in clinical care for 
CDH, including minimization of iatrogenic lung injury 
by gentle ventilation and nutritional support.124,152-154

Mortality from CHD is high because of termination 
of pregnancy and in utero demise (secondary to associ-
ated abnormalities and hydrops). After birth, CDH has 
high morbidity and mortality because of pulmonary 
hypoplasia, pulmonary hypertension, and iatrogenic 
trauma to the airways from mechanical ventilation.  
In a 2000 meta-analysis of studies from 1975 to 1998, 
of 676 prenatally diagnosed fetuses, 142 (21%) were 
terminated, 36 (5%) died in utero, 333 (49%) died 
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FIGURE 36-11. Right-sided CDH at 30 weeks. Axial (A) and oblique (B, C) sagittal images show bilateral pleural effusions 
(RT, LT) and bowel loops in the right hemithorax with mediastinal shift with heart (HRT) displaced to the left. The left hemidiaphragm 
(DIAPH) is intact, with the stomach (STOM) below the diaphragm. D, Coronal T2-weighted MR image shows fluid extending from the 
abdomen into the chest with mediastinal shift to left. Note the lack of a right hemidiaphragm, as well as bowel in the right chest.
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lung or hernias diagnosed late in pregnancy can be deliv-
ered at a tertiary care center where NICU services are 
available. In fetuses where pulmonary hypoplasia is a 
concern, delivery can be done by an EXIT procedure, 
with testing of the fetus to maintain oxygen saturation 
before severing the umbilical cord. Fetuses who can 
maintain oxygen saturation can then be delivered. Those 
who cannot maintain oxygen saturation can be placed 
on extracorporeal membrane oxygenation (ECMO) 
before clamping the cord, to avoid prolonged episodes 
of hypoxia.

Pulmonary hypertension in newborns in association 
with CDH is thought to be caused by the wall thicken-
ing of the small pulmonary arteries. Severity of pulmo-
nary hypoplasia and pulmonary hypertension is related 
to the volume and timing of herniation of abdominal 
viscera into the hemithorax.155

In Utero Therapy

Options for treatment of CDH focus on lung develop-
ment. Small hernias with a large amount of visualized 

A
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FIGURE 36-12. Eventration of the hemidiaphragm. 
A, Transverse view of the thorax demonstrates the stomach in the 
thorax with mild mediastinal shift. B and C, Coronal and sagittal 
T2-weighted MR images show the high position of stomach with 
intact diaphragm.
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CONCLUSION

When an abnormality of the fetal thorax is visualized, it 
is important to have a thorough approach to the fetal 
evaluation. The echogenicity of the lesion, whether it is 
cystic or solid, location of the heart, size of normal-
appearing lung, evidence of hydrops, and associated 
abnormalities are important at initial diagnosis. Follow-
up to assess interval change in appearance and develop-
ment of hydrops is important for prognosis. The specific 
diagnosis is important in determining potential in utero 
therapy, guiding the appropriate mode of delivery, and 
explaining to the parents the types of postnatal therapy 
that may be needed.
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NORMAL FETAL CARDIAC 
ANATOMY AND SCANNING 
TECHNIQUES

STRUCTURAL ANOMALIES
Atrial Septal Defect
Ventricular Septal Defect
Atrioventricular Septal Defect
Ebstein Anomaly
Hypolastic Right Ventricle
Hypoplastic Left Heart Syndrome

Univentricular Heart
Tetralogy of Fallot
Truncus Arteriosus
Double-Outlet Right Ventricle
Transposition of Great Arteries
Anomalous Pulmonary Venous 

Return
Coarctation of Aorta
Aortic Stenosis
Pulmonic Stenosis

Cardiosplenic Syndrome
Cardiac Tumors
Cardiomyopathy
Ectopia Cordis
ARRHYTHMIAS
Premature Atrial and Ventricular 

Contractions
Tachycardia
Bradycardia
Congenital Heart Block

Sonographic evaluation of the fetal heart can identify 
cardiac abnormalities that impact obstetric care in a 
variety of ways, including mode of delivery, place of 
delivery, opportunity for termination, intrauterine 
therapy, and parental reassurance. Congenital heart 
disease (CHD) is a significant problem, with an inci-
dence of 2 to 6.5 cases per 1000 live births. Greater than 
20% of perinatal deaths caused by congenital malforma-
tions are the result of a congenital heart defect.1 In 85% 
of CHD cases, both environmental and genetic factors 
are involved (Table 37-1).2-5 The remaining 15% of 
cardiac anomalies are associated with a single gene or 
chromosomal abnormality.3 The risk of CHD increases 
to 2% to 3% with an affected sibling and to approxi-
mately 10% with two affected siblings or an affected 
mother.3,6 The risk to offspring of affected mothers is 
substantially higher than for those with affected fathers, 
suggesting that cytoplasmic inheritance may play a role 
in the genetics of CHD (Tables 37-2 and 37-3). Only 
50% of recurrent heart lesions are of the same type as 
the previously diagnosed defect.7

Extracardiac malformations occur in 25%,8 and 
chromosomal anomalies occur in 13% of live-born neo-
nates with CHD.9-11 About 50% of fetuses with nonim-
mune hydrops and cardiac anomalies have a chromosomal 
anomaly, and an additional 10% will have extracardiac 
anomalies.12 Hydrops in the setting of CHD is predictive 
of a very poor prognosis.

Although the most common indications for formal 
fetal echocardiography are family history of CHD and 
fetal arrhythmia, the majority of these fetuses will  

have normal hearts. The highest incidence of CHD 
occurs in patients referred for an abnormal four-chamber 
view on a screening obstetric ultrasound, fetal hydrops, 
or significant polyhydramnios.13,14 Literature suggests a 
ninefold increase in the incidence of CHD in monocho-
rionic, diamniotic twin gestations.1 Most fetuses with 
CHD have no known risk factors, which underscores  
the importance of a meticulous evaluation of the four-
chamber heart view and outflow tracts on all routine 
obstetric ultrasound. When severe structural cardiac 
anomalies are identified before viability, termination 
may be offered. Certainly, one of the most important 
aspects of fetal echocardiography is the psychological 
relief it affords parents whenever normal cardiac anatomy 
and function are documented in a fetus at risk.

NORMAL FETAL CARDIAC 
ANATOMY AND SCANNING 
TECHNIQUES

The fetal heart is similar to that of the adult, with several 
anatomic and physiologic differences. The long axis of 
the fetal heart is perpendicular to the body, such that a 
transverse section through the fetal thorax demonstrates 
the four cardiac chambers in a single view. The adult 
heart, in contrast, is obliquely oriented with its long  
axis along a line between the left hip and the right  
shoulder. The four-chamber view is important because 
10% to 96% of structural anomalies are detectable on 
this view.15-20
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TABLE 37-1. CONGENITAL HEART DISEASE AND ASSOCIATED RISK FACTORS

FACTOR FREQUENCY MOST COMMON LESIONS

Maternal Conditions
Diabetes 3%-5% TGA, VSD, coarctation
Lupus erythematosus 30%-50% Heart block
Phenylketonuria 25%-50% TOF, VSD, ASD, coarctation
Infection Cardiomyopathy
Rubella 35% TOF, PS, VSD, ASD, PDA, cardiomegaly

Drugs
Accutane (retinoic acid) Truncus, TGA, TOF, DORV, VSD, AO arch interruption, or hypoplasia
Alcohol 25%-30% VSD, ASD, PDA, DORV, PA, TOF, dextrocardia
Amantadine Single vent with PA
Amphetamines 5%-10% VSD, TGA, PDA
Azathioprine PS
Carbamazepine ASD, PDA
Chlordiazepoxide Unspecified CHD
Codeine Unspecified CHD
Cortisone VSD, coarctation
Coumadin Unspecified CHD
Cyclophosphamide TOF
Cytarabine TOF
Daunorubicin TOF
Dextroamphetamine ASD
Diazepam Unspecified CHD
Dilantin (hydantoin) AS, VSD, ASD, coarctation
Lithium 10% Ebstein anomaly, TA, ASD, dextrocardia, MA
Methotrexate Dextrocardia
Oral contraceptives Unspecified CHD
Paramethadione TOF
Penicillamine VSD
Primidone VSD
Progesterone TOF, truncus, VSD
Quinine Unspecified CHD
Thalidomide 5%-10% TOF, VSD, ASD, truncus
Trifluoperazine TGA
Trimethadione 15%-30% ASD, VSD, TGA, TOF, HLHS, AS, PS
Valproic acid TOF, coarctation, HLHS, AS, ASD, VSD, interrupted AO arch, PA without VSD
Warfarin (Coumadin) Unspecified CHD

Syndromes
Apert VSD, coarctation, TOF
Arthrogryposis multiplex congenita VSD, coarctation, AS, PDA
Atrial myxoma, familial Myxoma
Beckwith-Wiedemann Cardiomegaly
C syndrome (Opitz trigonocephaly) PDA
Carpenter VSD, PS, TGA, PDA
Cat’s eye (22 partial trisomy) 40% TAPVR, VSD, ASD
CHARGE VSD, ASD
CHILD VSD, ASD
Conradi-Hünermann (chondrodysplasia 

punctata)
VSD, PDA

De Lange 29% VSD, TOF, DORV, PDA
DiGeorge VSD, coarctation, truncus
Ellis–van Creveld (chondroectodermal 

dysplasia)
50% ASD, single atrium

Fanconi’s pancytopenia ASD, PDA
Goldenhar TOF, VSD, ASD
Holt-Oram ASD, VSD
Kartagener Dextrocardia
Klippel-Feil VSD, TGA, TAPVR
Laurence-Moon (Bardet-Biedl) VSD
Leopard PS
Meckel-Gruber VSD, ASD, coarctation, PS, PDA
Noonan PS, VSD, ASD, PDA
Pallister-Hall Unspecified CHD
Pierre Robin ASD
Poland TOF, ASD, PDA, VSD
Refsum A-V conduction defects
Seckel VSD, PDA
Smith-Lemli-Opitz VSD, PDA
Treacher Collins VSD, ASD, PDA

Continued
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FACTOR FREQUENCY MOST COMMON LESIONS

Rubinstein-Taybi ASD, VSD, PDA
Silver TOF, VSD
Short rib polydactyly (non-Majewski type) TGA, DOLV, DORV, HRH, AVSD
Thrombocytopenia absent radius (TAR) ASD, TOF, dextrocardia
VACTERL Unspecified CHD
Waardenburg VSD
Weill-Marchesani PS, VSD
Williams Supravalvular AS, PS, VSD, ASD
Zellweger VSD, ASD, PDA

Chromosomal
Trisomy 13 (Patau) 90% VSD, ASD, dextroposition, PDA
Trisomy 18 (Edward) 99% Bicuspid AV, PS, VSD, ASD, PDA
Trisomy 21 (Down) 50% A-V canal, VSD, ASD, PDA
Triploidy ASD, VSD
5p− (cri du chat) 30% Unspecified CHD
9p− VSD, PS, PDA
Partial trisomy 10q 50% Unspecified CHD
13q− Unspecified CHD
T 20p syndromes VSD, TOF
Turner (45,X) 20% Bicuspid AV, AS, coarctation, VSD, ASD, AVSD
8 trisomy (mosaic) 50% VSD, ASD, PDA
9 trisomy (mosaic) 50% VSD, coarctation, DORV
13q 25% VSD
+14q 50% ASD, TOF, PDA
18q 50% VSD
XXXXY 14% ASD, ARCA, PDA

Diseases/Conditions
Crouzon Coarctation, PDA
Neurofibromatosis PS, coarctation
Tuberous sclerosis Rhabdomyoma, angioma
Thalassemia major Cardiomyopathy

AO, Aorta, ARCA, anomalous right coronary artery; AS, aortic stenosis; ASD, atrial septal defect; AV, aortic valve; A-V, atrioventricular; AVSD, atrioventricular septal 
defect; CHD, congenital heart disease; DOLV, double-outlet left ventricle; DORV, double-outlet right ventricle; HLHS, hypoplastic left heart syndrome; HRH, hypoplastic 
right heart, MA, mitral atresia; PA, pulmonary atresia; PDA, patent ductus arteriosus; PS, pulmonary stenosis; TA, tricuspid atresia; TAPVR, total anomalous pulmonary 
venous return; TGA, transposition of great arteries; TOF, tetralogy of Fallot; truncus, truncus arteriosus; VSD, ventricular septal defect.

Data also from Lachman RS, Taybi H. Taybi and Lachman’s radiology of syndromes, metabolic disorders, and skeletal dysplasias. 5th ed. Philadelphia, 2007, Mosby-Elsevier.

TABLE 37-1. CONGENITAL HEART DISEASE AND ASSOCIATED RISK FACTORS—cont’d

TABLE 37-2. RECURRENCE RISKS IN 
SIBLINGS FOR ANY CONGENITAL HEART 

DEFECT*

DEFECT

Suggested Risk (%)

IF 1 SIBLING IF 2 SIBLINGS

Fibroelastosis 4 12
Ventricular septal defect 3 10
Patent ductus arteriosus 3 10
Atrioventricular septal 

defect
3 10

Atrial septal defect 2.5 8
Tetralogy of Fallot 2.5 8
Pulmonary stenosis 2 6
Coarctation of aorta 2 6
Aortic stenosis 2 6
Hypoplastic left heart 2 6
Transposition 1.5 5
Tricuspid atresia 1 3
Ebstein anomaly 1 3
Truncus 1 3
Pulmonary atresia 1 3

*Combined data published during two decades from European and North 
American populations.

From Nora JJ. Medical genetics: principles and practice. 4th ed. Philadelphia, 1994, 
Lea & Febiger.

TABLE 37-3. SUGGESTED OFFSPRING 
RECURRENCE RISK FOR CONGENITAL 

HEART DEFECTS GIVEN ONE AFFECTED 
PARENT

Affected Parent

DEFECT FATHER MOTHER

Aortic stenosis 3 13-18
Atrial septal defect 1.5 4-4.5
Atrioventricular septal defect 1 14
Coarctation of aorta 2 4
Pulmonary stenosis 2 4-6.5
Tetralogy of Fallot 1.5 2.5
Ventricular septal defect 2 6-10

From Nora JJ. Medical genetics: principles and practice. 4th ed. Philadelphia, 1994, 
Lea & Febiger.
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FIGURE 37-1. Heart position. A, Normal position of the 
heart. The heart is predominantly in the left chest, with only the 
right atrium in the right chest. There is a normal cardiac axis of 
(dashed line) of 40 degrees from the midline (solid line). B, Dex-
troposition of fetal heart caused by a large, congenital cystic 
adenomatoid malformation. Transverse image through the fetal 
chest shows the heart displaced to the right, but the apex remain-
ing leftward. LA, Left atrium; LV, left ventricle; RA, right atrium; 
RV, right ventricle; SP, spine.

LA

B

LV

RA

RV
SP

A

COMMON INDICATIONS FOR FETAL 
ECHOCARDIOGRAPHY

Abnormal heart on screening ultrasound
Hydrops
Polyhydramnios
Fetal arrhythmia
Chromosomal anomalies
Extracardiac anomalies
Family history (CHD, syndromes associated with 

CHD)
Maternal disease (diabetes, collagen vascular, 

phenylketonuria)
Teratogen exposure
Increased nuchal translucency on first-trimester 

screening
Monitoring response to intrauterine therapy
Monitoring fetus at risk for decompensation 

(persistent tachyarrhythmia, hydrops)

CHD, Congenital heart disease.

Cardiac axis and position are normally such that the 
apex of the heart points to the left and the bulk of the 
heart is in the left chest (Fig. 37-1, A). This is levocardia. 
In mesocardia the heart is central with the apex pointing 
anteriorly. In dextrocardia the apex is directed right-
ward, and the heart is primarily in the right chest. This 
abnormality must be distinguished from dextroposition 
(Fig. 37-1, B), in which the heart maintains a normal 
axis but is displaced to the right by an external process, 
such as a left chest mass or pleural effusion. Abnormal 
cardiac axis is associated with a 50% mortality and 
abnormal cardiac position with an 81% mortality.21

The fetal cardiovascular system contains several unique 
shunts: the ductus venosus, foramen ovale, and ductus 
arteriosus (Fig. 37-2). Antenatally, the placenta rather 
than the lungs is the fetus’ sole source of oxygen. Oxy-
genated blood leaves the placenta through the umbilical 
vein and travels through the ductus venosus and inferior 
vena cava to the fetal right atrium. As a result of laminar 
flow, much of this blood is shunted across the foramen 
ovale to the left atrium and then into the left ventricle, 
aorta, and the fetal brain. Poorly oxygenated blood from 
the superior vena cava also enters the right atrium but 
preferentially enters the right ventricle and pulmonary 
artery because of the unique flow pattern. Most of this 
blood is shunted through the ductus arteriosus into the 
descending aorta. Thus, these shunts function so that the 
majority of output from both ventricles enters the sys-
temic circulation, rather than a substantial portion enter-
ing the pulmonary circulation, as in the adult. Normal 
values for measurements of the fetal heart and great 
vessels are shown in Figures 37-3 and 37-4.

Fetal echocardiography is best accomplished between 
18 and 22 weeks of gestation.22 Before 18 weeks, 

resolution is frequently limited by the small size of the 
fetal heart. After 22 weeks the examination may be com-
promised by progressive ossification of the fetal skull, 
spine, and long bones; the relatively smaller amniotic 
fluid volume; and unaccommodating fetal position. In 
some cases, first-trimester evaluation of the fetal heart 
may be accomplished with endovaginal ultrasound as 
early as 11 to 14 weeks.23-25

However, first-trimester fetal echocardiography is 
limited and should be considered an adjunct to second-
trimester evaluation, not a replacement.

Scanning the fetal heart requires a systematic approach, 
beginning with determination of the position of the fetus 
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within the uterus and the heart within the fetal chest. A 
transverse view through the fetal thorax above the level 
of the diaphragm demonstrates four cardiac chambers. 
Four-chamber views can be obtained with the angle of 
insonation parallel to the interventricular septum (apical 
four-chamber view; Fig. 37-5, A; Video 37-1 ) or per-
pendicular to the septum (subcostal four-chamber view; 
Fig. 37-5, B; Video 37-2). In a four-chamber view the 
echogenic foraminal flap of the foramen ovale can be 
observed moving into the left atrium at twice the heart 
rate. With slight angulation, the superior pulmonary 
veins may be seen entering the spherical left atrium (Fig. 
37-5, C ). The atrioventricular valves are visible in the 
four-chamber view. The septal leaflet of the tricuspid 
valve inserts more apically than that of the mitral valve. 
The left ventricle has a relatively smooth inner wall. The 
internal surface of the right ventricle is coarse, particu-
larly near the apex, where the moderator band of the 
trabecula septomarginalis is frequently recognized as a 
small, bright, echogenic focus. This helps identify the 
morphologic right ventricle.

From the subcostal four-chamber view, angling the 
transducer towards the fetus’ right shoulder permits 
evaluation of the continuity of the left ventricle with the 
ascending aorta (Fig. 37-6). Further angulation in the 
same direction shows the right ventricle in continuity 
with the pulmonary artery (Fig. 37-7; Videos 37-3 
and 37-4). The diameter of the pulmonary artery is 

FIGURE 37-2. Diagram of fetal circulation. Blood from the umbilical vein is shunted through the ductus venosus to the right 
atrium and then across the foramen ovale to the left atrium. Most of the fetal cardiac output is shunted to the descending aorta through 
the ductus arteriosus.
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approximately 9% larger than that of the aorta between 
14 and 42 weeks. The measured differences in these 
vessels and with M-mode versus two-dimensional (2-D) 
imaging are negligible (2%-5%) for both the pulmonary 
artery and the aorta.26 Further rightward rotation pro-
duces a sagittal view of the fetal thorax and a short-axis 
view of the ventricles (Fig. 37-8; Video 37-5). Angula-
tion toward the left fetal shoulder from this view shows 
the aorta as a central circle, with the pulmonary artery 
draping anteriorly and to the left (Fig. 37-9).

The apical four-chamber view may also be used as a 
starting point when evaluating normal cardiac anatomy. 
Yagel et al.27 describe a series of planes arising from the 
apical four-chamber view, all accomplished by moving 
the transducer in a cephalad direction. A slight cephalad 
advancement will show an apical five-chamber view, 
which is useful in accessing continuity of the ascending 
aorta with the left ventricle (Fig. 37-10). Continued 
cephalad movement should result in visualization of the 
bifurcating pulmonary artery and its relationship to the 
right ventricle. A three-vessel and trachea view should 
be visualized next (Fig. 37-11; Video 37-6). This view 
allows evaluation of the main pulmonary artery–ductus 
arteriosus confluence, the transverse aortic arch, and the 
superior vena cava. Comparison of vessel size, confirma-
tion of vessel presence, and direction of blood flow with 
color Doppler can all be assessed at this level. Addition-
ally, correct location of both great vessels to the left of 
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FIGURE 37-3. Cardiac dimensions. A, Left ventricular internal dimension versus gestational age. y = 0.049x –0.262. B, Right 
ventricular internal dimension versus gestational age. y = 0.045x –0.228. C, Posterior left ventricular wall thickness versus gestational age. 
y = 0.012x –0.063. D, Septal thickness versus gestational age. y = 0.012x –0.088. E, Left atrial internal dimension versus gestational age. 
y = 0.040x –0.214. In each graph, the 95% confidence limits represent twice the standard error of the mean. (From Allan LD, Joseph MC, 
Boyd EG, et al. M-mode echocardiography in the developing human fetus. Br Heart J 1982;47:573-583.)
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ultrasound is useful in assessing the functional signifi-
cance of structural abnormalities and arrhythmias.

Color Doppler ultrasound permits a rapid interroga-
tion of flow patterns within the heart and great vessels 
(Fig. 37-18), allowing functional and structural abnor-
malities to be more rapidly characterized. For example, 
valvular stenosis is clearly demonstrated with color 
Doppler ultrasound, as is reversed flow through insuf-
ficient valves or in the great vessels. Color Doppler ultra-
sound reduces the amount of time required for Doppler 
ultrasound evaluation of the heart, while improving the 
accuracy of fetal echocardiography, particularly in the 
setting of complex cardiac anomalies.29-32 Subtle lesions 
such as small ventricular septal defects may be more reli-
ably and easily identified with the use of color flow 
Doppler ultrasound.

Interest continues to focus on applying three-dimen-
sional (3-D) and four-dimensional (4-D) technologies to 
fetal echocardiography. These technologies are becom-
ing more readily available on ultrasound equipment,  
and 2-D fetal echocardiography requires considerable 
expertise to perform and interpret correctly. The major 
drawbacks to applying 3-D/4-D technologies to the  
fetal heart have been long acquisition time and the  
need for cardiac gating. Recent improvements allow for 
almost real-time examination. Current 3-D techniques 
depend on the type of equipment used33-35 and include 
spatiotemporal image correlation (STIC), multiplanar 

the trachea can be determined.27 Returning to a sagittal 
plane of the fetus, directing the transducer from the left 
shoulder to the right hemithorax, demonstrates the dis-
tinctive candy-cane shape of the aortic arch (Fig. 37-12; 
Videos 37-7 and 37-8). The three major vessels to the 
head and neck and the ductus arteriosus may be seen. 
The aortic arch should not be confused with the ductal 
arch (Fig. 37-13), which is formed by the right ventricu-
lar outflow tract, pulmonary artery, and ductus arterio-
sus. The ductal arch is broader and flatter than the aortic 
arch. Lastly, sliding the transducer to the right while 
maintaining a sagittal plane on the fetus should allow 
visualization of the inferior and superior vena cava enter-
ing the right atrium.

M-mode echocardiography provides a 2-D image of 
motion over time. It is useful in evaluating heart rate, 
chamber size, wall thickness, and wall motion (Fig. 
37-14). Simultaneous M-mode imaging through an 
atrium and ventricle is helpful in analyzing arrhythmias 
(Fig. 37-15). Chamber size and function should be eval-
uated at the level of the atrioventricular valves.28

Spectral Doppler ultrasound evaluation of the fetal 
heart can be used to determine the velocity of flow 
through the vessels or valves (Fig. 37-16) as well as regur-
gitant flow into the chambers of the heart (Fig. 37-17). 
Variation in flow velocity may reflect structural or func-
tional cardiac abnormalities. For example, a stenotic 
atrioventricular valve will be associated with an abnormal 
flow pattern through the affected valve. Spectral Doppler 

FIGURE 37-4. Diameter of aortic root and pulmonary artery. A, Diameter of aortic root versus gestational age. 
B, Diameter of pulmonary artery (PA) versus gestational age. Norms and confidence limits for echocardiographic measurements. (From 
Cartier MS, Davidoff A, Warneke LA, et al. The normal diameter of the fetal aorta and pulmonary artery: echocardiographic evaluation in 
utero. AJR Am J Roentgenol 1987;149:1003-1007.)
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FIGURE 37-6. Continuity of aorta (A) with left ventricle (LV); 
LA, left atrium; RA, right atrium; RV, right ventricle.
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FIGURE 37-7. Continuity of pulmonary artery (P) with right 
ventricle (RV).

RV

P

FIGURE 37-5. Four-chamber view of heart. A, Apical four-
chamber view shows the interatrial and interventricular septa parallel to  
the angle of insonation. B, Subcostal four-chamber view shows the inter-
atrial and interventricular septa perpendicular to the angle of insonation. 
C, Apical four-chamber view shows the two superior pulmonary veins (P) 
entering the left atrium (LA); LV, left ventricle; RA, right atrium; RV, right 
ventricle.
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FIGURE 37-8. Short-axis view of ventricles. Anterior 
right ventricle (RV) is normally slightly larger than the left ven-
tricle (LV); IVS, interventricular septum.
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IVS
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FIGURE 37-9. Short-axis view of great vessels. Aorta 
(AO) in center with pulmonary artery (PA) draping anteriorly; 
RVOT, right ventricular outflow tract; LA, left atrium; RA, right 
atrium; PV, pulmonic valve; FF, foraminal flap; SP, spine.
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FIGURE 37-10. Apical five-chamber view shows continuity 
of the aorta (A) with the left ventricle (LV); LA, left atrium; RA, 
right atrium; RV, right ventricle; SP, spine.
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FIGURE 37-11. Three-vessel and trachea view shows the 
correct orientation of the main pulmonary artery–ductus arterio-
sus confluence (P), the transverse aortic arch (A), and the superior 
vena cava (S). This view also shows the two great vessels correctly 
positioned on the left side of the trachea (T). SP, Spine.
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FIGURE 37-13. Normal ductal arch. Sagittal view shows 
pulmonary artery (PA) draping over the aorta (A) and joining the 
ductus arteriosus (D), which then joins the descending aorta (AO); 
LA, left atrium.
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FIGURE 37-14. M-mode echocardiography. A, M-mode tracing through the aortic root shows the aortic valve opening and 
closing. The foraminal flap can be seen opening into the left atrium (LA). RV, Right ventricle; AL, anterior leaflet of aortic valve; PL, 
posterior leaflet of aortic valve. B, M-mode tracing shows opening and closing of the mitral valve (MV) and tricuspid valve (TV); IVS, 
interventricular septum.
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FIGURE 37-15. Using M-mode echocardiography 
to analyze an arrhythmia: conducted premature 
atrial contractions. The cursor is placed simultaneously 
through the left ventricle (LV) and right atrium (RA). The 
M-mode tracing shows normal atrial beats (A) followed by a 
premature atrial contraction (PA). The ventricles show normal 
ventricular contraction (V) following each atrial beat and a pre-
mature beat (PV) following the premature atrial contraction. LA, 
Left atrium; RV, right ventricle.
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FIGURE 37-12. Normal aortic arch. Sagittal view shows 
the rounded, “candy cane” appearance of aortic arch and the head 
and neck vessels arising from it; LS, left subclavian artery; LC, left 
carotid artery; I, innominate artery; AO, descending aorta.
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FIGURE 37-16. Spectral Doppler ultrasound used 
to interrogate a normal mitral valve. Spectral Doppler 
sample volume is placed distal to the mitral valve in the left ven-
tricle (LV). A normal mitral valve waveform is appreciated above 
the baseline, showing the normal early diastolic (E) and atrial 
contraction (A) wave points. LA, Left atrium; RA, right atrium; 
RV, right ventricle; SP, spine.
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FIGURE 37-17. Tricuspid insufficiency. Spectral 
Doppler sample volume is placed proximal to the tricuspid valve 
in the right atrium (RA). The regurgitant flow (R) can be seen 
above the baseline. This implies that the valve has not closed 
completely during systole, and therefore blood flow is retrograde 
into the right atrium. RV, Right ventricle.
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FIGURE 37-18. Using color Doppler ultrasound to access normal blood flow. A, Color Doppler ultrasound shows 
normal flow through the pulmonary artery (PA). B, Color Doppler ultrasound to access normal blood flow through the aortic arch (AA) 
and descending aorta (D). Note that flow is continuous through the descending aorta, but due to angle of 0 degrees in the middle of the 
image, an artifact gives the appearance of narrowing, and the color of flow changes from red to blue.
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FIGURE 37-19. Development of intra-atrial septum (viewed facing patient). A, At 4 weeks’ gestation the septum 
primum is small. A large ostium primum is present. B, At 4.5 weeks, enlargement of the septum primum results in reduction in size of 
the ostium primum. Perforations in the septum primum develop. C, Perforations in the septum primum coalesce to form the ostium 
secundum. D, At 5 weeks the septum primum has fused to the endocardial cushions, and the septum secundum begins to develop to the 
right of the septum primum. E, At 8 weeks the septum secundum has enlarged, now covering the ostium secundum. Blood flows from 
the right atrium through the valve mechanism (foraminal flap) of the foramen ovale.
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reconstruction, tissue Doppler gating, inversion mode, 
and matrix array real-time 3-D. Because of various limi-
tations associated with all these technologies, 3-D fetal 
echocardiography should always be used as an adjunct 
to standard 2-D ultrasound. Limitations include fetal 
motion artifact, equipment limitations (based on manu-
facturer), and decreased resolution of rendered images.

STRUCTURAL ANOMALIES

Atrial Septal Defect

An atrial septal defect (ASD) results from an error in the 
amount of tissue resorbed or deposited in the interatrial 
septum. It is the fifth most common form of congenital 
heart disease and is the most common form in adult 
patients.36,37 ASDs occur in 1 per 1500 live births38,39 and 
comprise 6.7% of CHD in live-born infants.36 ASDs 
occur twice as often in females as males.40,41 ASDs are 
associated with a variety of cardiac, extracardiac, and 
chromosomal abnormalities. ASDs can be classified by 
embryogenesis, size, or relationship to the fossa ovalis.

Embryologically, between the fourth and sixth weeks 
of gestation, the primitive atrium is divided into right 
and left halves. The septum primum, a crescent-shaped 
membrane, develops along the cephalad portion of the 
atrium and grows caudally toward the endocardial 
cushions. The space between these two structures, 
termed the ostium primum, disappears when the septum 
primum fuses with the endocardial cushion. Before  
complete fusion, however, multiple small fenestrations 

develop in the septum primum, coalescing to form the 
ostium secundum. A second crescent-shaped mem-
brane subsequently develops just to the right of the 
septum primum. As this membrane grows toward the 
endocardial cushion, it partially covers the ostium secun-
dum. Its crescent-shaped lower border never entirely 
fuses with the endocardial cushion, leaving an opening, 
the foramen ovale (Fig. 37-19).

Ostium secundum ASDs make up more than 80% 
of all ASDs and generally occur in isolation. This ASD 
is caused by excessive resorption of the septum primum 
(foraminal flap) or by inadequate growth of the septum 
secundum (Fig. 37-20, A). The ostium primum ASD 
is the second most common type and is located low in 
the atrial septum, near the atrioventricular (A-V) valves. 
Although the ostium primum ASD may occur alone, it 
is more frequently associated with a more complex con-
genital cardiac anomaly, the atrioventricular septal 
defect (Fig. 37-20, B).

The sinus venosus ASD is a rare defect that can 
be divided into two types: (1) sinus venosus ASD of  
the superior vena cava (SVC), with the defect adjacent 
to the SVC, and (2) sinus venosus ASD of the inferior 
vena cava (IVC), with the defect adjacent to the IVC. 
The first type is often associated with anomalous pul-
monary venous return (Fig. 37-20, C ).

The prenatal sonographic diagnosis of ASD is difficult 
because the normal patent foramen ovale, which allows 
blood to flow from the right to the left atrium in utero, 
itself represents an ASD. It can be difficult to distinguish 
a small, pathologic ASD from the normal patent foramen 
ovale. The foraminal flap, or septum primum, is clearly 
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FIGURE 37-20. Types of atrial septal defect (ASD). Schema of the atrial septum viewed from the right atrium. A, Ostium 
secundum ASD. B, Ostium primum ASD. C, Sinus venosus ASD.
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visualized on the four-chamber view. It has a “loose 
pocket” configuration, appearing either circular or linear 
in shape as it opens into the left atrium42,43 (Fig. 37-21).

The septum secundum, which is thick and relatively 
stationary, makes up the majority of the atrial septum. 
The foramen ovale is an opening in the septum secun-
dum. The septum secundum and foramen ovale are  
well visualized in the four-chamber views. The maximal 
size of the normal foramen ovale differs by 1 mm or less 
from the aortic root diameter at all gestational ages.44 An 
ostium secundum ASD appears as a larger than expected 
defect in the central portion of the atrial septum near the 
foramen ovale. Alternatively, it can appear as a deficient 
foraminal flap.

If the lowest portion of the atrial septum (just adjacent 
to the A-V valves) is deficient, an ostium primum defect 
should be suspected (Fig. 37-22). Color Doppler ultra-
sound may be helpful in the diagnosis of larger ASDs. 
However, small ASDs are commonly obscured by the 
normal flow through the patent foramen ovale.45,46

A large, right-to-left shunt is physiologic in utero, and 
thus an ASD generally does not compromise the fetus 
hemodynamically. After birth, the shunt may cause right 
ventricular overload and pulmonary hypertension. Spon-
taneous closure of an ASD will occur in approximately 
two thirds of cases.47 Patients with small ASDs may 
remain asymptomatic into their fifties.48

Ventricular Septal Defect

Isolated ventricular septal defect (VSD) is the most 
common cardiac anomaly, accounting for 30% of heart 
defects diagnosed in live-born infants and 9.7% diag-
nosed in utero.36,37,49 VSDs are associated with other 
cardiac anomalies in half the cases.50 Of the structural 
cardiac defects, VSDs have the highest recurrence rate 
and the highest association with teratogen exposure. 
They are classified according to their position in the 
interventricular septum (Fig. 37-23) as membranous or 
muscular VSD (inlet, trabecular, outlet).50

About 80% of VSDs occur in the membranous portion 
of the septum.51 However, because most membranous 

defects also involve a portion of the muscular septum, 
they are usually referred to as perimembranous defects. 
The subcostal four-chamber view provides optimal evalu-
ation of the interventricular septum. At sonography, a 
VSD appears as an area of discontinuity in the interven-
tricular septum. When the defect is small, this diagnosis 
is problematic, and at least one third of VSDs are missed 
on the four-chamber view.15,45,52-56 Color Doppler ultra-
sound imaging may improve the diagnostic accuracy for 
VSD. However, most are missed on fetal echocardiogra-
phy.45,56,57 Small VSDs not detectable on gray-scale echo-
cardiography may be documented with color Doppler 
ultrasound30 (Fig. 37-24). In the setting of an isolated 
VSD, color Doppler ultrasound imaging typically shows 
bidirectional interventricular shunting, with a systolic 
right-to-left shunt and a late diastolic left-to-right shunt.

The prognosis for an infant with an isolated VSD  
is excellent, and many such defects go undetected.  
About 40% of VSDs close in the first year of life,  
and 60% resolve by 5 years of age.58-60 However, large 
defects detected in the fetus are associated with an 84% 
mortality.61 Concurrent cardiac, extracardiac, and chro-
mosomal anomalies (trisomy 13, 18, 21, and 22) are 
associated with a worse prognosis.

Ventricular septal defects may be extremely difficult 
to diagnose in utero, particularly when small in size. 
Additionally, many small VSDs will close in utero or 
shortly after birth. A “pseudo” VSD in the membranous 
portion of the septum may be appreciated when evaluat-
ing the interventricular septum from an apical four-
chamber view. This occurs when the angle of insonation 
is parallel to the septum, causing an artifactual dropout 
of the thin, membranous septum.

Atrioventricular Septal Defect

Atrioventricular septal defect (AVSD) refers to a spec-
trum of cardiac abnormalities involving various degrees 
of deficiency of the interatrial and interventricular septa 
and of the mitral and tricuspid valves. These defects arise 
when the endocardial cushions fail to fuse properly and 
were previously called endocardial cushion defects or 
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of the mitral and tricuspid valves cannot occur, and an 
AVSD results (Fig. 37-26).

Atrioventricular septal defects are divided into com-
plete and partial or incomplete forms.65 In both, the A-V 
valves are abnormal. In the complete type a single, mul-
tileaflet valve is present, whereas in the incomplete form, 
two of the leaflets (bridging leaflets) are connected by a 
narrow strip of tissue, resulting in the appearance of two 
valve orifices. Complete AVSD has variable amounts of 
deficient tissue in the atrial and ventricular septa. The 
incomplete form is associated with an ostium primum 
ASD. At fetal echocardiography, 97% of AVSDs are 
complete, although after birth only 69% are com-
plete.57,61 The fetal incidence of AVSD is four times 
greater than that in the live-born population, indicating 
a high incidence of in utero demise.36,37,66

A-V canal defects. Almost two thirds of fetuses with 
AVSD have additional cardiac anomalies.62-64 About one 
third are associated with left atrial isomerism (both atria 
anatomically resemble the left), and of these the majority 
have complete heart block.61,62 Chromosomal (especially 
trisomy 21) or extracardiac anomalies are associated in 
78% of AVSDs.61

Embryologically, in the primitive heart, the common 
atrium and ventricle communicate through the A-V 
canal. Development of the endocardial cushion results 
in division of the single, large A-V canal into two sepa-
rate orifices, separating the atria from the ventricles (Fig. 
37-25). The interatrial and interventricular septa develop 
concurrently, eventually dividing the single atrium and 
ventricle into right and left portions. When the endocar-
dial cushions fail to fuse properly, normal development 

FIGURE 37-21. Foraminal flap and foramen ovale. A, Linear appearance of the foraminal flap (arrow) as it enters the left 
atrium, LA. B, Circular appearance of the foraminal flap (arrow) entering the left atrium. C, Color Doppler ultrasound subcostal four-
chamber view shows normal flow through the foramen ovale; LV, left ventricle; RA, right atrium; RV, right ventricle.
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Color Doppler ultrasound demonstrates an open area 
of flow across the atrioventricular septal defect and the 
abnormal A-V valve. Color Doppler ultrasound imaging 
is particularly useful in the detection of valvular insuf-
ficiency.67 Holosystolic valvular insufficiency is closely 
associated with fetal hydrops and a worsening progno-
sis.68 Frequently, a left ventricular–to–right atrial jet can 
be identified across the ostium primum defect before the 
onset of holosystolic valvular insufficiency.29 Cardiac 
malformations associated with AVSD include septum 
secundum ASD, hypoplastic left heart syndrome, valvu-
lar pulmonary stenosis, coarctation of the aorta, and 
tetralogy of Fallot. A recent meta-analysis of published 
cases of AVSD diagnosed prenatally confirms that chro-
mosomal anomalies are common, occurring in 25% to 
58% of affected fetuses.69 Therefore, karyotyping is indi-
cated. Associated extracardiac anomalies are common, 
including omphalocele, duodenal atresia, tracheoesopha-
geal atresia, facial clefts, cystic hygroma, neural tube 
defects, and multicystic kidneys.69

The fetus with AVSD and associated defects has a 
poor prognosis. When hydrops is present, few survive 
the neonatal period.70 Despite advances in pediatric car-
diothoracic surgery, the overall outcome for antenatally 
diagnosed AVSD remains poor, with most studies 
reporting 5-year to 15-year survival rates well below 
50%.69

Ebstein Anomaly

Ebstein anomaly is characterized by inferior displace-
ment of the tricuspid valve, frequently with tethered 
attachments of the leaflets, tricuspid dysplasia, and right 

Atrioventricular septal defects are considered bal-
anced when the A-V junction is connected to both the 
right and the left ventricle, such that blood flow is rela-
tively evenly distributed. If this connection exists with 
primarily one ventricle, such as in the setting of a hypo-
plastic left ventricle, it is termed an unbalanced AVSD.

Sonographically, a defect in the atrial or ventricular 
septum with an associated single abnormal A-V valve is 
seen in a four-chamber view (Fig. 37-27). The defect is 
better visualized in diastole than in systole. The abnor-
mal valve should be suspected when the normal offset  
of the A-V valves is not visualized. Demonstration of  
two A-V valve orifices allows for differentiation between 
complete and incomplete forms of AVSD.52

FIGURE 37-22. Four-chamber view shows an ostium primum 
atrial septal defect (arrow) in a fetus with an atrioventricular 
septal defect; LA, left atrium; LV, left ventricle; RA, right atrium; 
RV, right ventricle.
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FIGURE 37-23. Interventricular septum viewed 
from right ventricle. The membranous septum and the 
three portions of the muscular septum (inlet, outlet, and trabecu-
lar) are demonstrated. Ventricular septal defects may occur in any 
of these locations.
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FIGURE 37-24. Muscular ventricular septal defect 
(VSD). Subcostal four-chamber color Doppler ultrasound view 
shows a muscular VSD (arrow) across the interventricular septum 
(S); RA, right atrium; RV, right ventricle; LA, left atrium; LV, left 
ventricle.
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pulmonary atresia or stenosis,85 arrhythmias, and 
chromosomal anomalies.73,86-89

Ebstein anomaly is readily detected in utero.86,90 The 
sonographic diagnosis rests on recognition of apical dis-
placement of the tricuspid valve into the right ventricle, 
an enlarged right atrium containing a portion of the 
“atrialized” right ventricle, and a reduction in size of the 
functional right ventricle. Differential diagnosis includes 
tricuspid valvular dysplasia, Uhl anomaly, and idiopathic 
right atrial enlargement, but none of these has an infe-
riorly displaced tricuspid valve, the most reliable sign of 
Ebstein anomaly. Ebstein anomaly is one of the few 

ventricular dysplasia71-75 (Fig. 37-28). Ebstein anomaly 
makes up approximately 7% of cardiac anomalies in the 
fetal population and has an incidence of 0.5% to 1% in 
high-risk populations.54,76,77 It occurs in approximately 1 
per 20,000 live births.78

Early data from biased retrospective studies suggested 
that lithium use during pregnancy was associated with 
an estimated 500-fold increase in the incidence of 
Ebstein anomaly in exposed fetuses.78-83 It is now clear 
that the increased risk is no more than 28% and may be 
nonexistent.84 Ebstein anomaly may be associated with 
a variety of structural cardiovascular defects, particularly 

FIGURE 37-25. Normal development of endocardial cushions. A, In the fourth week the endocardial cushions divide 
the atrioventricular canal into two orifices. B, By the fifth week the communication between the atria, the ostium secundum, is smaller. 
The ventricular septum has grown, almost obliterating the communication between the ventricles. C, At 8 weeks, complete development 
of the endocardial cushions and atrioventricular valves results in four distinct cardiac chambers.
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FIGURE 37-26. Valve leaflet morphology. A, Normal heart. B, Partial atrioventricular septal defect (AVSD). C, Complete 
AVSD.
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compression with narrowing of the pulmonary outflow 
tract are all associated with a poor prognosis.73

Arrhythmias, particularly supraventricular tachycar-
dias, are common with Ebstein anomaly and can further 
compromise the fetus. Overall, the 3-month mortality 
rate of patients diagnosed in utero is 80%.73,90 Surgical 
correction of Ebstein anomaly in young children is asso-
ciated with a low mortality and an excellent quality of 

structural defects that may cause substantial cardiac 
dysfunction in utero, frequently with cardiomegaly, 
hydrops, and tachyarrhythmias.73 Examination with 
spectral and color Doppler ultrasound is helpful in dem-
onstrating tricuspid valve regurgitation, which causes 
further enlargement of the right atrium and ventricle.91 
Tethered distal attachments of the tricuspid valve, 
marked right atrial enlargement, and left ventricular 

FIGURE 37-27. Atrioventricular septal defect (AVSD). A, Apical four-chamber view shows absent atrial septum, resulting 
in a single, large atrium (RA-LA). A VSD is seen between the left ventricle (LV) and right ventricle (RV). A single, multileaflet atrioven-
tricular valve is also appreciated. B, Apical four-chamber color Doppler ultrasound view shows the atrioventricular septal defect.
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FIGURE 37-28. Ebstein anomaly. A, Tricuspid valve is apically displaced, resulting in an enlarged atrium and a small, functional 
right ventricle. B, Gray-scale image shows tricuspid valve (arrows) displaced inferiorly, resulting in an “atrialized” right ventricle (RV) and 
enlarged right atrium (RA); LV, left ventricle; LA, left atrium.
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atresia, aortic stenosis, and mitral valve atresia. It is asso-
ciated with coarctation of the aorta in 80% of cases.100 
The primary sonographic feature of HLHS is a small left 
ventricle (Fig. 37-30). The mitral valve is typically hypo-
plastic or atretic, as is the aorta.101 Color Doppler ultra-
sound is extremely helpful in the setting of HLHS, 
usually demonstrating the absence of flow through the 
mitral and aortic valves.30

This syndrome has an extremely poor prognosis, with 
25% mortality in the first week of life, and untreated 
infants dying within 6 weeks.102 Prenatal diagnosis 
of HLHS is beneficial for preventing ductal shock  
and keeping affected infants stable in the preoperative 
stage.103-105 Monophasic blood flow across the mitral 
valve, restricted flow through the foramen ovale, and 
retrograde flow through the aorta are all considered poor 
prognostic signs in utero. Despite significant advance-
ments in medical-surgical management over the past  
20 years, follow-up studies demonstrate that HLHS  
children often experience major developmental delays106 
and decreased exercise performance, even after heart 
transplantation.107

Univentricular Heart

In univentricular heart, two atria empty into a single 
ventricle, via two A-V valves or a common A-V valve. 
Univentricular heart is rare, accounting for approxi-
mately 2% of CHD.37 It results from a failure of 
the interventricular septum to develop. The single 
chamber has a left ventricular morphology in 85% of 
cases.108 Associated cardiac anomalies are common,109 
with asplenia or polysplenia occurring in 13%.110 
Sonographically, a single ventricle with absence of the 

life.92-94 Because clinical presentation, treatment options, 
and prognosis are inconsistent, case-by-case manage-
ment is variable.95

Hypoplastic Right Ventricle

Hypoplastic right ventricle generally occurs secondary to 
pulmonary atresia with intact interventricular septum. 
It has an incidence of 1.1% among stillbirths.36 Tricus-
pid atresia may be associated with a hypoplastic right 
ventricle but this is not as common.96 Pathophysiologi-
cally, hypoplasia of the right ventricle develops because 
of a reduction in blood flow secondary to inflow imped-
ance from tricuspid atresia or outflow impedance from 
pulmonary arterial atresia. Typical sonographic findings 
include a small, hypertrophic right ventricle and a small 
or absent pulmonary artery96 (Fig. 37-29). Pulsed 
Doppler ultrasound may be helpful in demonstrating 
decreased flow through the tricuspid valve or pulmonary 
artery. Congestive heart failure and hydrops may develop 
from tricuspid regurgitation. After birth, closure of the 
ductus arteriosus frequently results in neonatal death. 
Prognosis improves with preoperative prostaglandin 
infusion to maintain the patency of the ductus.97

Hypoplastic Left Heart Syndrome

In hypoplastic left heart syndrome (HLHS), the left 
ventricular cavity is pathologically reduced in size. HLHS 
constitutes approximately 7% to 9% of all congenital 
cardiac lesions.98 It has a 2:1 male predominance and a 
recurrence risk of 0.5%.98,99 The small left ventricle 
results from decreased blood flow into or out of the  
left ventricle. The primary abnormalities include aortic 

FIGURE 37-29. Hypoplastic right ventricle. Apical 
four-chamber view shows small, right ventricular chamber (RV); 
RA, right atrium; LV, left ventricle; LA, left atrium; SP, spine.
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FIGURE 37-30. Hypoplastic left heart syndrome. 
The left atrium (LA) and left ventricle (LV) are small; RA, right 
atrium; RV, right ventricle; SP, spine.
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been made before 15 weeks’ gestation using transvaginal 
ultrasound.24 Color Doppler imaging is helpful in 
making the diagnosis of tetralogy of Fallot.117

The newborn with the classic form of tetralogy of 
Fallot who has pulmonary stenosis rather than pulmo-
nary atresia is generally asymptomatic at birth but devel-
ops cyanosis and a murmur in the first weeks of life. 
Typical cases of tetralogy of Fallot are repaired at 4 to 6 
months of age, with close to 90% survival at 1 year.118 
Patients surviving early surgery (before 5 years old) have 
a 32-year survival of 90%.119 The presence of congestive 
heart failure in the fetus or newborn is associated with 
17% to 41% mortality.120,121

Truncus Arteriosus

Truncus arteriosus accounts for 1.3% of fetal cardiac 
anomalies and is characterized by a single large vessel 
arising from the base of the heart. This vessel supplies 
the coronary arteries and the pulmonary and systemic 
circulations. Aortic anomalies occur in 20% and noncar-
diac anomalies in 48% of patients with truncus arterio-
sus.122 In almost all cases, a VSD is present. The truncal 
valve may have two to six cusps and generally overrides 
the ventricular septum. Four types of truncus arteriosus 
have been identified by Collett and Edwards,123 as 
follows:
• Type I has a pulmonary artery that bifurcates into 

right and left branches after it arises from the 
ascending portion of the truncal vessel.

• Type II has right and left pulmonary arteries arising 
separately from the posterior truncus.

• Type III has pulmonary arteries that arise from the 
sides of the proximal truncus.

• Type IV has systemic collateral vessels from the 
descending aorta as the source of flow.
The single, large truncal artery with overriding of the 

ventricular septum and an associated VSD is identified 
on four-chamber and outflow tract views (Fig. 37-32). 
This anomaly has been diagnosed before 15 weeks’ gesta-
tion with transvaginal ultrasound.24 Color Doppler 
imaging is particularly helpful in the setting of truncus 
arteriosus because it facilitates accurate localization of the 
pulmonary arteries and rapidly detects truncal valvular 
insufficiency. In the past, prognosis was poor, with an 
overall mortality of 70%.122 More recent studies indicate 
that 10-year to 20-year survival and level of function  
are excellent for infants undergoing complete repair of 
truncus arteriosus.124

Double-Outlet Right Ventricle

Double-outlet right ventricle (DORV) represents less 
than 1% of all CHD and occurs when more than 50% 
of both the aorta and the pulmonary artery arise from 
the right ventricle.125,126 DORV is classified into the fol-
lowing three types:

interventricular septum is seen. Doppler ultrasound 
examination is helpful in determining if a normal outflow 
tract is present. A nonfunctioning, rudimentary acces-
sory ventricle may be present in some cases. Differential 
diagnosis includes a large VSD and hypoplastic right or 
left ventricle.

Patients with outflow tract stenosis have a poorer 
prognosis.111 Death is typically caused by congestive 
heart failure or arrhythmia.66 Pulmonary artery banding 
and shunts yield a 70% 5-year survival rate. Ventricular 
septation has a postoperative survival rate of approxi-
mately 56%.109,112

Tetralogy of Fallot

Tetralogy of Fallot consists of (1) VSD, (2) overriding 
aorta, (3) hypertrophy of the right ventricle, and (4) 
stenosis of the right ventricular outflow tract (Fig. 37-31; 
Video 37-9). It accounts for 5% to 10% of CHD in live 
births36 and is associated with a variety of cardiac and 
extracardiac abnormalities and chromosomal anoma-
lies.61 A recent study of 129 fetuses diagnosed in utero 
with tetralogy of Fallot reported additional cardiac 
anomalies in 57%, extracardiac anomalies in 50%, and 
chromosomal anomalies in 49%. The nuchal translu-
cency was above the 95th centile in 47% of fetuses.113

Tetralogy of Fallot occurs when the conus septum is 
located too far anteriorly, thus dividing the conus into a 
smaller, anterior right ventricular portion and a larger 
posterior part. Closure of the interventricular septum is 
incomplete, causing the aorta to override both ventri-
cles.114 The VSD typically occurs in the perimembranous 
portion of the septum. Right ventricular hypertrophy 
rarely occurs in utero, but the overriding aorta is reliably 
seen.115,116 Pulmonary atresia or stenosis, or a dilated 
pulmonary artery secondary to absence of the valve, may 
be appreciated. The diagnosis of tetralogy of Fallot has 

FIGURE 37-31. Tetralogy of Fallot. The aorta (AO) over-
rides both the right ventricle (RV) and the left ventricle (LV). A 
ventricular septal defect (arrows) is also appreciated. IVS, Inter-
ventricular septum.
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and pulmonary artery arises from left ventricle). Com-
plete transposition (D-TGA) is defined as A-V concor-
dance (atria and ventricles are correctly paired) with V-A 
discordance (Fig. 37-34). It comprises 5.5% of heart 
disease in the fetal population.37 D-TGA is also classified 
into two types, depending on the absence (70%) or pres-
ence of a VSD. A variety of cardiac anomalies are associ-
ated with D-TGA, including pulmonic stenosis, which 
rarely occurs in the absence of a VSD. In 8% of cases, 

• Aorta posterior and to the right of the pulmonary 
artery.

• Aorta and pulmonary artery parallel, with the aorta 
to the right (Taussig-Bing type).

• Aorta and pulmonary artery parallel, with the aorta 
anterior and to the left.
Double-outlet RV is associated with other cardiac 

defects (particularly VSD), various extracardiac defects, 
fetal chromosomal anomalies, maternal diabetes, and 
maternal alcohol consumption.3,126,127 With surgical 
intervention, 10-year survival is up to 97%.125 When 
extracardiac or chromosomal anomalies are present, 
prognosis is poor, with 69% mortality when the diagno-
sis of DORV is made in utero.127 Sonographically, the 
aorta and pulmonary artery arise predominantly from 
the right ventricle (Fig. 37-33). Differential diagnosis 
includes transposition of the great vessels and tetralogy 
of Fallot.

Transposition of Great Arteries

Transposition of the great arteries (TGA) is subdivided 
into two types: (1) complete or dextrotransposition 
(D-TGA) in 80% and (2) congenitally corrected or  
levotransposition (L-TGA) in 20% of fetuses with 
transposition. In both types, ventriculoarterial (V-A) 
discordance is present (aorta arises from right ventricle, 

FIGURE 37-32. Truncus arteriosus. The single truncal 
artery (TA) overrides both the right ventricle (RV) and left ven-
tricle (LV). A ventricular septal defect (arrow) is present. No 
pulmonary artery was seen, helping to differentiate from tetralogy 
of Fallot. SP, Spine.
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FIGURE 37-33. Double-outlet right ventricle. The 
aorta (AO) and pulmonary artery (PA) both arise from the right 
ventricle (RV) in a parallel fashion.
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FIGURE 37-34. Complete transposition of great 
arteries. The aorta (A) is anterior to the pulmonary artery (P). 
This abnormal arrangement results in both vessels running parallel 
to each other in this short-axis view.
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Pathophysiologically, the flow of blood through the 
heart to the pulmonic and systemic circulations is 
normal, even though the morphologic right ventricle is 
on the left and the morphologic left ventricle is on the 
right.

The antenatal sonographic diagnosis hinges on dem-
onstrating a parallel arrangement to the great vessels, 
similar to D-TGA. Differentiating D-TGA from L-TGA 
entails identification of the morphologic right and left 
ventricles. The moderator band will be seen on the 
anatomic left side. Additionally, the tricuspid valve will 
be situated on the anatomic left side, so its more apical 
septal leaflet should be identified. Associated cardiac 
defects are common and diverse, including VSD, pul-
monary stenosis/atresia, ASD, DORV, tricuspid valve 
anomalies, dextrocardia, mesocardia, and situs inversus. 
Fetal A-V block is also common.130

In the absence of associated cardiac anomalies, patients 
with corrected TGA may remain asymptomatic through-
out their lives.

Anomalous Pulmonary  
Venous Return

Anomalous pulmonary venous return can be divided 
into two subgroups: total anomalous pulmonary 
venous return (TAPVR), in which none of the pulmo-
nary veins drains into the left atrium, and partial anom-
alous pulmonary venous return (PAPVR), in which at 
least one of the pulmonary veins has an anomalous con-
nection. TAPVR constitutes 2.3% of cases of CHD.131,132 
The four types of anomalous pathways are as follows:
1. The pulmonary veins drain into a vertical vein that 

empties into the innominate vein and then into the 
superior vena cava.

2. The pulmonary veins drain into the coronary sinus 
and then into the right atrium.

3. The pulmonary veins drain directly into the right 
atrium.

4. The pulmonary vein drains into the portal vein and 
into the inferior vena cava via the ductus venosus.
Embryologically, TAPVR is thought to result from 

failure of obliteration of the normal connections between 
the primitive pulmonary vein and the splanchnic, umbil-
ical, vitelline, and cardinal veins. TAPVR is associated 
with AVSDs, polysplenia, and asplenia syndromes.

The antenatal sonographic diagnosis of TAPVR  
is difficult because the anomalous veins are generally 
extremely small and variable in their course. Often the 
first sign of APVR is mild right ventricular and pul-
monary artery prominence, in which case a careful  
search for the four normal pulmonary veins should be 
undertaken. This can be difficult because the two infe-
rior pulmonary veins are usually more difficult to visual-
ize than the two superior veins, even in a normal fetal 
heart. Color and spectral Doppler ultrasound are helpful 
in documenting the normal pulmonary venous anatomy 

other organ systems are involved. Chromosomal anoma-
lies are not associated with TGA.

In D-TGA, the aorta arises from the right ventricle, 
receives systemic blood, and returns it to the systemic 
circulation. The pulmonary artery arises from the left 
ventricle, receives pulmonary venous blood, and returns 
it to the lungs. Generally, the aortic root lies anterior and 
slightly to the right of the pulmonary outflow tract. With 
closure of the ductus arteriosus and foramen ovale after 
birth, this condition is incompatible with life unless an 
associated shunt allows mixing of the separate right and 
left circulations.

Sonographic diagnosis depends on demonstrating that 
the great vessels exit the heart in parallel, rather than 
crossing in normal fashion. This is optimally seen in a 
long-axis or short-axis view of the great vessels. A three-
vessel view is also useful because only one great vessel 
(aorta) is usually visualized at this level, in this setting.

Most neonates with D-TGA require immediate  
treatment. Initially, a temporizing shunt is created  
before definitive treatment. With surgical intervention, 
12-month survival can be expected in 80%.128

Corrected transposition (L-TGA) is characterized 
by A-V discordance with V-A discordance (Fig. 37-35). 
It comprises 1% of CHD and 20% of cases of fetal 
TGA.37 The aorta, which arises from the left sided, 
morphologic right ventricle, is anterior and to the left  
of the pulmonary artery. The pulmonary artery arises 
from the right sided, morphologic left ventricle. VSD 
and pulmonic stenosis occur in approximately half the 
cases.108,129 Malformation and inferior displacement of 
the morphologic tricuspid valve may be present.  

FIGURE 37-35. Congenitally corrected transposi-
tion of great arteries. An apical four-chamber view shows 
the morphologic right ventricle (RV) and morphologic left ven-
tricle (LV) located on the incorrect sides of the heart. This is 
evidenced by identifying the atrioventricular valve leaflet insertion 
(arrow) on the left side of the heart in a more apical location than 
the right-sided atrioventricular valve leaflet insertion.
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and the left subclavian artery. Its severity ranges from  
a slight narrowing at the distal end of the arch to  
severe hypoplasia of the entire arch. Coarctation has an 
incidence of 6% prenatally.37 Almost 90% of the cases 
are associated with other cardiac anomalies, including 
abnormal aortic valve (bicuspid or stenotic), VSD, 
DORV, and AVSD. Chromosomal abnormalities occur 

and in detecting and following the anomalous connec-
tions (Fig. 37-36). Spectral Doppler imaging is used to 
evaluate blood flow across the A-V valves or aortic and 
pulmonic valves. A ratio of right flow/left flow greater 
than 2 : 1 is highly suspicious for TAPVR.133

The diagnosis of TAPVR is suspected when no pul-
monary veins are seen entering the left atrium (Fig. 
37-37). A small left atrium resulting from decreased 
blood return and lack of normal incorporation of the 
common pulmonary vein into the left atrium is also sug-
gestive of TAPVR. Approximately one third of patients 
with TAPVR have variable associated cardiac anoma-
lies.134 Right atrial isomerism is common. Associated 
extracardiac anomalies include gut malrotation and 
midline liver and stomach.135,136 TAPVR causes minimal 
hemodynamic disturbance in utero, although hydrops 
occasionally results. Left untreated, the majority of 
infants die before 1 year of age.134 Although it has also 
been diagnosed in utero, PAPVR is more difficult  
and can only be diagnosed when pulmonary veins are 
seen entering the left atrium as well as the right atrium 
or an accessory pathway to the right atrium.137 APVR is 
associated with a high morbidity and mortality, largely 
because of the high incidence of additional cardiac 
anomalies.135,137

Coarctation of Aorta

Coarctation is a narrowing of the aortic lumen, usually 
occurring between the insertion of the ductus arteriosus 

FIGURE 37-36. Normal pulmonary venous anatomy. A, Four-chamber color Doppler ultrasound view shows two superior 
pulmonary veins (P) entering the left atrium (LA). B, Subcostal four-chamber view using pulsed Doppler ultrasound shows normal wave-
form and direction of pulmonary venous flow into the left atrium. LV, left ventricle; RA, right ventricle; RV, right ventricle; S, systolic 
peak; D, diastolic peak.
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FIGURE 37-37. Total anomalous pulmonary venous 
return. Apical four-chamber view shows anomalous insertion of 
all four pulmonary veins (P) into the right atrium (RA); RV, right 
ventricle; LA, left atrium; LV, left ventricle.
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occurs above the sinuses of Valsalva and is associated 
with William’s syndrome. Valvular aortic stenosis is 
more frequent in males and associated with a bicuspid 
aortic valve and chromosomal abnormalities.147 Subval-
vular aortic stenosis is associated with inherited disor-
ders, asymmetrical septal hypertrophy (ASH), and 
hypertrophic obstructive cardiomyopathy. Infants of 
diabetic mothers may have a transient form of left ven-
tricular outflow tract obstruction secondary to ASH.

The supravalvular type of aortic stenosis has not been 
reported in utero. Thickening of the aortic valve, post-
stenotic dilation of the aorta, and ventricular enlarge-
ment are clues to valvular aortic stenosis. Thickening of 
the interventricular septum may be seen in subvalvular 
aortic stenosis. In all cases, increased velocity through the 
aortic valve will be identified on pulsed Doppler ultra-
sound. Early-onset aortic stenosis results in endocardial 
fibroelastosis and hypoplastic left ventricle.148

Aortic stenosis progresses in utero and may not be 
apparent on early (<16 weeks) fetal echocardiograms. 
In some cases these defects may not be apparent until 
after birth.149 A mortality rate of 23% in the first year of 
life is reported with aortic stenosis.150 Prognosis has 
improved with appropriate surgery, with mortality 
between 1.9% and 9%.151,152 In cases of critical aortic 
stenosis, in utero balloon valvoplasty has been attempted. 
Technical success has been achieved in many cases, along 
with reduced sequelae. However, long-term follow-up is 
not yet available.153

Pulmonic Stenosis

Pulmonic stenosis may occur at the valve level or at the 
infundibulum. It occurs in 7.4% of newborns.36 Dys-
plastic and stenotic pulmonic valves are seen in Noonan 
syndrome and with maternal rubella. Pulmonic steno-
sis is associated with TAPVR, ASD, supravalvular aortic 
stenosis, and tetralogy of Fallot. Pulmonic stenosis  
can occur in the recipient twin of a pregnancy affected 
with twin-twin transfusion syndrome. In this setting the 
recipient’s heart becomes hypertrophic secondary to 
increased preload. This is similar to the ASH present in 
fetuses of diabetic mothers and results in anatomic 
obstruction of the outflow tract.148

Increased velocity through the pulmonic valve and 
hypertrophy of the right ventricle suggest pulmonic ste-
nosis. As with aortic stenosis, pulmonic stenosis tends  
to progress in utero. Pulmonic stenosis has a variable 
outcome and can be managed with closed transventricu-
lar valvotomy or percutaneous balloon valvoplasty.154,155 
In utero pulmonary balloon valvuloplasty has also been 
attempted but is still in its early phase.155

Cardiosplenic Syndrome

Cardiosplenic syndromes are syndromes associated  
with asplenia (right isomerism) and polysplenia (left 

in 5%, and almost 5% of coarctations are associated with 
maternal diabetes.49,138

Three embryologic theories have been proposed to 
explain the origin of coarctation of the aorta: (1) a 
primary developmental defect with failure of connection 
of the fourth and sixth aortic arches with the descending 
aorta;139 (2) aberrant ductal tissue at the level of the 
aortic arch;140,141 and (3) decreased blood flow through 
the aortic isthmus.142

Sonographic detection of coarctation is difficult.19 
Ventricular size discrepancy with a prominent right ven-
tricle and relatively small left ventricle,45,142 with a right-
to-left ventricle diameter ratio greater than 2 standard 
deviations (SD) above the norm,143,144 suggests coarcta-
tion of the aorta. Likewise, a discrepancy in pulmonary 
artery–to–ascending aorta diameter that falls greater 
than 2 SD above the normal ratio of 1.18 to 0.06144 
is suggestive of coarctation.143 Color Doppler ultrasound 
is useful in identifying the area of narrowing. Spectral 
Doppler ultrasound may detect increased flow distal to 
the narrowed segment (Fig. 37-38). Many coarctations 
do not become evident until closure of the ductus arte-
riosus at birth. Additionally, infants with coarctation of 
the aorta may not develop clinical or echocardiographic 
signs of coarctation until 6 to 12 weeks after closure of 
the ductus arteriosus. If coarctation of the aorta is sus-
pected on fetal echocardiogram, the infant should be 
followed to at least 1 year of age.145 Although isolated 
coarctation has a good prognosis, 39% mortality is 
reported when associated anomalies are present.146

Aortic Stenosis

Aortic stenosis is a stricture or obstruction of the ven-
tricular outflow tract occurring in 5.2% of newborns.36 
Aortic stenosis is divided into supravalvular, valvular, 
and subvalvular types. Supravalvular aortic stenosis 

FIGURE 37-38. Coarctation of aorta. Spectral Doppler 
tracing shows increased velocity through the aortic arch.
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Cardiosplenic syndromes should be considered when 
CHD occurs with an arrhythmia. If these syndromes are 
suspected, a careful search is made for the fetal spleen, 
which has been visualized at 20 weeks’ gestation, and for 
the fetal stomach.161,164 Other abnormal relationships, 
such as ipsilateral aorta and IVC (associated with asple-
nia) or interruption of the IVC with continuation of the 
azygous vein (associated with polysplenia), may be docu-
mented prenatally.

The mortality rate with cardiosplenic syndromes is 
extremely high. Treatment for polysplenia and asplenia 
depends largely on the type and number of associated 
anomalies. Because cardiac malformations associated 
with polysplenia are often less severe, they are more 
amenable to surgical correction than lesions associated 
with asplenia.164,165 Neonates with asplenia have a higher 
mortality and postoperative morbidity because of the 
high frequency of associated complex cardiac malforma-
tions. In polysplenia the greatest attrition occurs in the 
prenatal period and is often related to heart block with 
resultant hydrops.163

Cardiac Tumors

Fetal cardiac tumors are rare, although 10% are malig-
nant.166,167 Until the infant is 1 year of age, the majority 
of tumors and cysts of the heart and pericardium are 
rhabdomyomas (58%) and teratomas (19%). Cardiac 
fibromas account for approximately 12% of the tumors 
in this age group. Other, less frequent tumors include 
mesothelioma of the A-V node and cardiac hemangi-
oma (~2% each). Although myxomas are the most 
common heart neoplasm (50% of cardiac tumors over 
all age groups), they are virtually nonexistent in the 
neonatal population.167

Sonographically, fetal cardiac rhabdomyomas appear 
as solid, echogenic masses. Rhabdomyomas (cardiac 
hamartomas) can be singular or multiple, typically 
arising from the interventricular septum168-174 (Fig. 
37-39). Rhabdomyomas may develop in utero after an 
initially normal fetal echocardiogram.149 Of patients 
with cardiac rhabdomyomas, 30% to 78% have tuber-
ous sclerosis.168-170 Other signs of tuberous sclerosis are 
rarely found in fetal life, with the exception of subepen-
dymal tubers in the brain, which can be detected by fetal 
magnetic resonance imaging (MRI).168 Unfortunately, 
the absence of cardiac neoplasms in a fetus at risk for 
tuberous sclerosis does not exclude this diagnosis.171

Several series report the appearance or enlargement of 
fetal rhabdomyomas on sequential examinations.171,175-177 
This finding underscores the importance of serial fetal 
echocardiograms in fetuses at risk for rhabdomyomas.

Cardiac tumors may become hemodynamically sig-
nificant by causing obstruction to the outflow tracts or 
A-V valves, resulting in congestive heart failure, hydrops, 
pericardial effusion, and arrhythmias.168 Prognosis 
depends on the size, number, and exact location of the 

isomerism; see Fig. 38-5). Both are defects of lateraliza-
tion in which symmetrical development of normally 
asymmetrical organs or organ systems occurs.156 Asplenia 
(Ivemark’s syndrome) and polysplenia syndromes are 
usually considered separate clinical entities. However, 
they have many characteristics in common, including 
situs inversus or situs ambiguus of various visceral organs 
and complex congenital heart defects.157

Pathologically, in asplenia or bilateral right-sidedness, 
left-sided organs are a mirror image of normally right-
sided organs. This results in right atrial isomerism, bilat-
eral trilobed lungs, bilateral right bronchi and pulmonary 
arteries, ipsilateral location of both the aorta and inferior 
vena cava (either left or right side), absence of the spleen, 
a midline horizontal liver, and bilateral superior vena 
cavae.158 In polysplenia or bilateral left-sidedness, the 
right lung and bronchial tree morphologically mirror 
those of the left. In many cases, intrahepatic interruption 
of the IVC with azygous continuation is present, as are 
multiple spleens and left atrial isomerism.159

Cardiac anomalies associated with these syndromes 
include TAPVR or PAPVR, ASD, VSD, univentricular 
heart, TGA, DORV, and pulmonic/aortic stenosis or 
atresia. Coarctation, hypoplastic left ventricle, mitral ste-
nosis, cor triatriatum, dextrocardia, right atrial hypopla-
sia, AVSD, truncus arteriosus, and tetralogy of Fallot 
have also been observed.159-163 Complete A-V block with 
an AVSD is associated with polysplenia. Polysplenia 
syndrome is the second most common disease associated 
with fetal heart block (after L-TGA).161

ASPLENIA AND POLYSPLENIA: 
ASSOCIATED FINDINGS

ASPLENIA
Bilateral right-sidedness
Right atrial isomerism
Bilateral trilobed lungs
Bilateral right bronchi
Bilateral right pulmonary arteries
Ipsilateral location of both aorta and IVC
Absence of the spleen
Midline horizontal liver
Bilateral superior vena cavae
Severe and complex heart anomalies

POLYSPLENIA
Bilateral left-sidedness
Left atrial isomerism
Interruption of IVC
Azygous continuation of IVC
Multiple spleens
Complete atrioventricular block

IVC, Inferior vena cava.
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appreciated, particularly in the apical four-chamber 
view. Echogenic foci have been associated with chromo-
somal anomalies such as trisomy 21 and 13. However, 
more recent literature suggests that in isolation, in  
an otherwise low-risk pregnancy, an increased risk of 
aneuploidy does not exist.180

Cardiomyopathy

Cardiomyopathy encompasses a diverse group of cardiac 
disorders with variable etiologies and anatomic and func-
tional characteristics, and all result in an alteration in 
cardiac function. Cardiomyopathies account for 8% to 
11% of fetal cardiovascular disease,181 but only 1.8% of 
CHD in live-born infants.132 Approximately one third 
of fetuses with cardiomyopathy die in utero, which 
accounts for the difference in these numbers.182

A variety of conditions can cause fetal cardiomyopa-
thy (Fig. 37-41), including viral and bacterial infections, 
inborn errors of metabolism, endocardial fibroelastosis, 
familial cardiomyopathy and maternal diabetes. Infec-
tious agents act by damaging the myocardium and pro-
ducing a myocarditis with resultant cardiomyopathy.183 
In the setting of storage diseases, the myocardium 
becomes hypertrophic secondary to the accumulation of 
various products within the myocardial cells. Many cases 
are idiopathic.184

Endocardial fibroelastosis (EF) is a poorly understood 
process in which diffuse endocardial thickening develops 
in one or more cardiac chambers. EF is divided into two 
broad categories, primary and secondary. Primary or iso-
lated endocardial fibroelastosis occurs in the absence of 
other structural cardiac anomalies. In primary EF the 
affected ventricle may be dilated or constricted.185 Viral 

tumor as well as associated arrhythmias and anomalies. 
A meta-analysis of 138 published cases of fetal cardiac 
rhabdomyomas found that size greater than 20 mm, 
presence of arrhythmia, and hydrops were significantly 
associated with increased morbidity.175 Infants with 
cardiac rhabdomyomas have a guarded prognosis. 
Although spontaneous regression of the tumor has been 
reported, sudden death may occur.167 Before reaching 
their second year, 60% to 75% of infants die.176

Teratomas may appear as cystic, complex, or solid 
masses. These are intrapericardial in origin, with attach-
ment to the aortic root or pulmonary artery, and are 
virtually always associated with a pericardial effusion. 
Fetal teratomas are weakly associated with tuberous 
sclerosis.171

Rare cardiac tumors include fibromas and hemangio-
mas. Fibromas are almost always single and typically 
have central necrosis and calcification.176 Fibromas are 
usually located in the ventricular myocardium, making 
resection problematic. Hemangiomas are even rarer and 
usually associated with the right atrium, often with an 
intracavitary component or pericardial effusion. Cardiac 
hemangiomas are heterogeneous with cystic and solid 
components, often with calcifications.176

Echogenic foci within a ventricle should not be mis-
taken for a cardiac tumor. These are thought to represent 
areas of mineralization of papillary muscle or chordae 
tendineae. These usually occur in the left ventricle (93%) 
but may occur in the right ventricle (5%) or both  
ventricles (2%) and are generally clinically insignifi-
cant178-180 (Fig. 37-40). As ultrasound equipment reso-
lution advances, echogenic foci are more frequently 

FIGURE 37-39. Rhabdomyoma. Apical four-chamber 
view shows an echogenic mass in the left ventricle (LV), consistent 
with a rhabdomyoma (R); LA, left atrium; RA, right atrium; RV, 
right ventricle.

LA

LV
RV

R

RA

FIGURE 37-40. Echogenic intracardiac focus. Apical 
four-chamber view of a fetal heart with an echogenic focus in the 
left ventricle (LV); LA, left atrium; RA, right atrium; RV, right 
ventricle.

LA

LVRV

RA
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underlying etiology, and associated anomalies. When 
hydrops accompanies cardiomyopathy, the prognosis  
is poor.

Ectopia Cordis

Ectopia cordis is a rare malformation in which the heart 
is located outside the thoracic cavity. It results from 
failure of fusion of the lateral body fold in the thoracic 
region. Ectopia cordis is classified by the following  
four types191:
1. Thoracic (60%). The heart is displaced from the 

thoracic cavity through a sternal defect.
2. Abdominal (30%). The heart is displaced into the 

abdomen through a diaphragmatic defect.
3. Thoracoabdominal (7%). The heart is displaced 

from the chest through a defect in the lower 
sternum, with an associated diaphragmatic or 
ventral abdominal wall defect (pentalogy of 
Cantrell).

4. Cervical (3%). The heart is displaced into the 
neck area.
Although most cases are isolated, ectopia cordis may 

be associated with pentalogy of Cantrell, a condition 
characterized by a sternal cleft, ventral diaphragmatic 
hernia, omphalocele, intracardiac anomalies, and ectopia 
cordis.192 A variety of cardiac and chromosomal anoma-
lies are associated with ectopia cordis. The sonographic 
diagnosis is generally not difficult and has been made as 
early as 10 weeks’ gestation,193 although the abdominal 
and cervical types have not been reported in utero (Fig. 
37-43). The prognosis is poor, with most infants dying 
within a few days of birth.194

myocarditis is thought to be the cause of primary fetal EF, 
with mumps and coxsackievirus B the most common 
infections.184,185 Secondary EF occurs in the setting of a 
structural cardiac anomaly and usually results in dilation 
of the affected chambers. The dilated form occurs with 
coarctation of the aorta, aortic valvular disease, mitral 
valvular disease, and other lesions. The constricted form 
is frequently associated with aortic stenosis or atresia. In 
both types of EF the mural endocardium is largely replaced 
by collagen and elastic tissue, giving it a glistening-white 
appearance grossly184 and a striking echogenic appearance 
at echocardiography (Fig. 37-42).

An increased incidence of asymmetrical septal 
hypertrophy or concentric hypertrophy has long been 
recognized in infants of diabetic mothers.186 The charac-
teristics of these types of cardiomyopathy have been well 
documented echocardiographically.186-189 Overall cardiac 
size in fetuses of diabetic mothers can be increased as a 
result of the hypertrophy.190

Regardless of the etiology, severe cardiomyopathy 
results in decreased cardiac function and a tendency  
to congestive heart failure. This may be secondary to 
obstruction of ventricular emptying in obstructive forms 
of cardiomyopathy or to pump failure in nonobstructive 
forms. The sonographic diagnosis of obstructive cardio-
myopathy depends on the demonstration of hypertrophy 
of the ventricular wall or septum. Nonobstructive  
cardiomyopathy can be diagnosed by demonstrating 
dilation of one or more cardiac chambers along with 
poor ventricular contractility. About 37% of live-born 
infants with cardiomyopathy have associated anoma-
lies.132 The prognosis for fetal cardiomyopathy is vari-
able, depending on the severity of the cardiac lesion, the 

FIGURE 37-41. Cardiomyopathy. A, Concentric hypertrophy of the ventricular heart walls (P) and the interventricular septum 
(S) in fetus with hypertrophic cardiomyopathy. B, All four cardiac chambers are enlarged, occupying more than half the fetal chest in 
this fetus with dilated cardiomyopathy. A pleural effusion is also seen. RA, Right atrium; RV, right ventricle; LA, left atrium; LV, left 
ventricle; SP, spine.
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PVCs for 8% of fetal arrhythmias.31,195 PACs are associ-
ated with redundancy of the foraminal flap (atrial septal 
aneurysm), maternal caffeine ingestion, and smoking.196,197 
In 1% to 2% of PACs, a structural cardiac anomaly is 
present.28

Premature atrial contractions may be conducted or 
nonconducted. In either case, the atrial pacemaker is 
“reset” so that the next normal atrial beat is also early. 
PVCs have an early ventricular contraction that is not 
preceded by an atrial contraction. The atrial pacemaker is 
not reset, and the next normal beat occurs when expected, 
as if the rhythm were regular. Thus, PVCs are compensa-
tory, allowing the preexisting rhythm to continue, whereas 
PACs are generally less than compensatory. PACs and 
PVCs may be distinguished by M-mode or spectral 
Doppler sonography (see Fig. 37-15) by placing the 
M-mode cursor or spectral Doppler sample volume simul-
taneously through an atrial and ventricular structure. 
PACs followed by ventricular contraction are described as 
“conducted,” whereas a PAC that is not followed by a 
ventricular contraction is “blocked.” These must be dif-
ferentiated from A-V block, in which a PAC does not 
occur. Conducted PACs can be distinguished from PVCs 
by noting that a PAC precedes the early ventricular beat 
and that, in the majority of cases, PACs are less than com-
pensatory whereas PVCs are generally compensatory.

Premature contractions are benign arrhythmias in 
most cases. Most disappear in utero or in the early neo-
natal period. From 1% to 2% of PACs may evolve into 
sustained tachyarrhythmia.198

Tachycardia

Fetal tachycardia is a heart rate greater than 180 beats 
per minute. Supraventricular tachycardias (SVTs) are 
more common in the fetus than ventricular tachycardias. 
SVTs are classified as follows:
• Paroxysmal supraventricular tachycardia: atrial 

rate of 180 to 300 beats/min and a conduction rate 
of 1:1 (Fig. 37-44).

• Atrial flutter: atrial rate of 300 to 400 beats/min, 
frequently associated with heart block, and a 
conduction rate of 2:1 to 4:1, yielding a ventricular 
rate from 60 to 200 beats/min.

• Atrial fibrillation: atrial rate of greater than 400 
beats/min and an irregular ventricular response at a 
rate of 120 to 160 beats/ min.
Ventricular tachycardia is defined as a rapid heart 

rate associated with three or more consecutive premature 
ventricular systoles. Of cases of SVT, 5% to 10% are 
associated with CHD.199

Fetal cardiac rhythm disturbances are usually first  
suspected on the basis of auscultatory findings. M- 
mode and pulsed Doppler echocardiography are useful 
in identifying and characterizing tachycardias by observ-
ing the atrial and ventricular rates. The M-mode tracing 
is obtained through the heart to allow independent 

ARRHYTHMIAS

Premature Atrial and  
Ventricular Contractions

Premature atrial contractions (PACs) and premature 
ventricular contractions (PVCs) are abnormal atrial or 
ventricular contractions originating from locations other 
than the sinus node. PACs account for almost 75% and 

FIGURE 37-42. Endocardial fibroelastosis. Subcostal 
four-chamber view shows echogenic walls of the left ventricle 
(LV); LA, left atrium; RA, right atrium; RV, right ventricle.
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FIGURE 37-43. Thoracic ectopia cordis. The heart is 
located outside the thorax; LA, left atrium; LV, left ventricle; 
RA, right ventricle; RV, right ventricle.
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fetal arrhythmias are classified as bradycardia.28 Tran-
sient bradycardia can be related to an increase in intra-
uterine pressure, occasionally secondary to the pressure 
of an ultrasound transducer or fetal compression of the 
umbilical cord.209,210 This is often seen during fetal sono-
grams and is of no clinical consequence, unless the 
bradyarrhythmia is sustained.

Sinus bradycardia without fetal hypoxia is rare.210 If 
less than 80 beats/min, sinus bradycardia may be associ-
ated with fetal asphyxia. Heart rates lower than 100 
beats/min during the first trimester have an increased 
risk of fetal demise.211 When bradycardia is associated 
with an increased nuchal translucency, risk for CHD is 
increased, and early transvaginal fetal echocardiogram 
should be considered. Complex CHD has been detected 
in the first trimester in this clinical setting.211 The fetus 
with sustained bradycardia should have careful follow-up 
and monitoring for signs of cardiac failure. Persistent 
bradycardia may warrant early delivery. In utero treat-
ment has had limited success.212

Congenital Heart Block

Failure of transmission of impulses from the atrium to 
the ventricles results in atrioventricular block (AVB). 
AVB is classified into the following three types:
• First-degree block: a prolonged PR interval results 

in a conduction delay, but without markedly 
abnormal rate or rhythm. (This has not been 
diagnosed in utero.)

• Second-degree block: with blockage of a single 
atrial beat (Mobitz type I) or with intermittent 
conduction abnormalities, such that the ventricular 
rate is a fraction of the atrial rate (Mobitz type II).

• Third-degree or complete heart block: the 
ventricular and atrial rates are entirely dissociated.
In the normal heart, an electrical impulse originates 

from the sinoatrial (SA) node, travels to the A-V node, 
and through the Purkinje system to the ventricles. AVB 

assessment of atrial and ventricular wall motion. Further 
information is obtained from simultaneous recordings of 
the atrial and ventricular walls or A-V and semilunar 
valve motion. Spectral Doppler ultrasound evaluation 
can demonstrate decreased flow velocities and cardiac 
output during SVT.200 Fetal supraventricular tachyar-
rhythmia can lead to fetal cardiovascular compromise, 
hydrops, and death.

Most fetal tachycardias have a good prognosis and can 
be treated in utero with various pharmacologic agents. 
Careful interrogation of the tricuspid valve with color 
and spectral Doppler ultrasound imaging is warranted  
in the setting of fetal tachycardia because tricuspid  
valvular dysfunction with tricuspid regurgitation can be 
the first indication of imminent congestive failure and 
hydrops.201,202 In the presence of hydrops, immediate 
and aggressive therapy is warranted.195,198,203-208 Several 
antiarrhythmic drugs are available to attempt to cardio-
vert SVTs in utero. Prognosis in the setting of fetal 
tachyarrhythmia depends on a number of factors, includ-
ing type and duration of arrhythmia, presence of struc-
tural cardiac anomalies, gestational age, and response to 
intrauterine therapy.201

Bradycardia

Fetal bradycardia is a “prolonged” heart rate of 100 
beats/min or less (Fig. 37-45). Approximately 5% of 

FIGURE 37-44. Supraventricular tachycardia. M-
mode tracing through the right atrium and left ventricle, shows a 
fetal heart rate of 303 beats/min and a 1:1 conduction.

HR      303 bpm

FIGURE 37-45. Fetal bradycardia. M-mode tracing 
shows ventricular rate of 60 beats/min.

HR-LV 60 bpm
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mapping of fetal heart. J Perinat Med 1991;19:27-32.
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gated (TDOG) dynamic three-dimensional ultrasound imaging of 
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results from immaturity or complete absence of the con-
ducting system or from abnormalities at the level of the 
A-V node. This rare disorder is associated with maternal 
collagen vascular disease (systemic lupus erythemato-
sus).213 After one affected child, further pregnancies 
carry a 30% risk for AVB.214 Serial fetal echocardiograms 
are useful in the fetus at risk for congenital complete 
heart block related to maternal lupus. This monitoring 
allows early detection and treatment of the immune-
mediated fetal myocarditis and congenital complete 
heart block.215-217

In the absence of associated structural abnormalities, 
the prognosis for a fetus with congenital heart block is 
good. However, at least 40% of fetuses with complete 
heart block have structural cardiac abnormalities.28 
When associated cardiac anomalies exist, the prognosis 
is poor. Fetuses with AVB are at risk for heart failure  
and should be monitored closely. Overall, the vast 
majority of fetuses with arrhythmias have a good 
outcome. The incidence of associated structural cardiac 
disease is as low as 0.3%, similar to that in the general 
population, and the incidence of significant arrhythmia 
is only 1.6%.217
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Identification and confirmation of a normal fetal 
abdominal wall and gastrointestinal (GI) tract is critical 
to ascertain the risk of isolated and multiple fetal abnor-
malities. Anomalies of the fetal abdomen may be the 
only sonographic evidence of multisystem organ derange-
ment. The National Center for Biotechnical Informa-
tion (NCBI) with the Online Mendelian Inheritance in 
Man has recommended new diagnostic categorization 
(recategorization) of abdominal wall defects. This chapter 
places these updated diagnostic categories in the context 
of previous information, sonographic diagnostic criteria, 
hypothesized etiology, and current management of these 
abnormalities. Detection of fetal intra-abdominal masses 
or abnormalities is important because they may be unde-
tected on newborn examinations.

EMBRYOLOGY OF  
THE DIGESTIVE TUBE

The lumens of both the digestive and the respiratory 
tubes are lined by the embryonic endoderm, which dif-
ferentiates distal to the pharynx after formation of the 
pharyngeal pouches. The digestive tubes are a differen-
tiation of the lateral plate endoderm. The stomach forms 
as an inferior outpouching below the pharynx. The 
regional specification of the digestive tube into the 
esophagus, stomach, and small and large intestines is  
in response to different mesodermal mesenchymes.1-3 

The sonic hedgehog gene (Shh) has been implicated in 
this differentiation.4 As digestive differentiation pro-
gresses, the expressivity of Shh increases from proximal 
to distal.5

STOMACH

The fetal stomach can be seen as early as 7 weeks and 
should be noted routinely by 13 to 14 weeks’ gestation6 
(Fig. 38-1). The stomach should be in the left upper 
abdomen. It is important in every fetal survey to confirm 
situs of the stomach because a midline or right-sided 
stomach is associated with heterotaxy syndromes. Pres-
ence of a right-sided stomach and a right-sided heart  
is termed total situs inversus. A right-sided stomach 
and a left-sided heart result in partial situs inversus. 
During the 11 to 14-week evaluation of the fetal 
abdomen, numerous abnormal findings have been 
reported, including ascites, abdominal cysts, and intesti-
nal obstruction.7

Small or Absent Fetal Stomach

Fluid in the stomach should be reliably visualized on 
first-trimester screening or fetal anatomic survey and  
all subsequent fetal evaluations. The absence of a visual-
ized stomach on an anatomic survey, although poten-
tially a normal finding, has an increased risk of fetal 
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FIGURE 38-1. Normal fetal abdomen. A, In first trimester the fetal stomach (St) is an echolucent structure below the diaphragm. 
Note similar echogenicity of liver, lung, and bowel. B, In second trimester in sagittal view, the stomach (St) is seen below the diaphragm 
(Dia), and the liver (L) extends anteriorly to the abdominal wall. C, In second trimester in transverse view with the spine to the left, the 
stomach is superior, and bowel echogenicity is similar to liver. The liver occupies most of the right abdomen and is relatively homogeneous. 
D, Normal spleen (arrows) in the transverse view of second-trimester fetal abdomen. E, Normal echogenic appearance of meconium filling 
the colon in the third trimester. F, Normal cord insertion site in midtrimester fetus. (E from McNamara A, Levine D. Intraabdominal fetal 
echogenic masses: a practical guide to diagnosis and management. Radiographics 2005;25:633-645.)
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ABSENT STOMACH

Normal stomach that recently emptied
Displaced stomach into chest in hernia
Displaced stomach into abdominal wall defect
Esophageal atresia
Aneuploidy
Anhydramnios
Microgastria

abnormality, including aneuploidy, tracheoesophageal 
fistula, and oligohydramnios.

When the stomach appears small or absent, it is 
important to allow sufficient time for it to fill, in case it 
has recently emptied. Generally, the stomach will fill 
during a 30-minute examination. Careful attention must 
be paid to the thorax; the stomach can be herniated into 
the chest in congenital diaphragmatic hernia.

In one retrospective study, an abnormal outcome 
(structural abnormalities, intrauterine fetal or postnatal 
death) occurred in 23 (85%) of 27 fetuses with an absent 
stomach and 27 (52%) of 52 fetuses with a small stomach 
(combined, 63%). Karyotype was abnormal in eight 
(38%) of 21 fetuses with an absent stomach and two 
(4%) of 46 fetuses with a small stomach.8 Amniotic fluid 
in cases of absent stomach is typically normal early in 
the second trimester, but polyhydramnios is common by 
the third trimester. The finding of a persistently absent 
stomach on serial ultrasound scans should trigger genetic 
counseling and consideration of chromosomal testing.

Esophageal Atresia

Developmentally, the trachea and esophagus differenti-
ate inferiorly from the posterior pharynx. Incomplete 
differentiation of the respiratory and GI tracts can lead 
to esophageal atresia with or without tracheoesophageal 
(TE) fistulas. The incidence of TE fistulas, all types, is 
2.8 per 10,000 pregnancies.9,10 Most types of esophageal 
atresia (90%)11 are associated with TE fistulas, and there-
fore the stomach (although often small) will be visualized 
on ultrasound. Occasionally, fluid in the upper esopha-
gus can be appreciated (Fig. 38-2). For this reason, the 
term “tracheoesophageal fistula” is usually the working 
in utero diagnosis when esophageal atresia is suspected, 
even though this diagnosis cannot be definitively made 
in utero. The ability of prenatal diagnosis to detect this 
condition is 42%.12

The combination of inability to see a stomach  
on ultrasound and the presence of polyhydramnios  
is more suggestive of esophageal atresia than absent 
stomach alone. The positive predictive value of this com-
bination is still relatively modest, 56% in the largest 
study.12 Esophageal atresia is associated with other sys-
temic anomalies, and a detailed evaluation, including 
echocardiography, should be performed in a fetus with 

this suspected diagnosis. It is reported that as many as 
half of TE fistulas are part of the VACTERL sequence,9 
a nonrandom group of coexisting defects: vertebral 
defects, anal atresia, cardiac anomalies, tracheoesopha-
geal fistula with esophageal atresia, renal and radial 
dysplasia, and limb defects. VACTERL has sporadic 
inheritance. The corrective surgery for esophageal atresia 
has a success rate of 90% and is related to the presence 
of associated anomalies.11

Dilated Fetal Stomach

In the second or third trimester a prominent or tran-
siently dilated fetal stomach may be seen on ultrasound. 
However, diagnosing a dilated fetal stomach requires 
that the stomach be persistently dilated throughout a 
30-minute assessment. Use of a nomogram can aid in 
identifying true outliers (Table 38-1).13 The differential 
diagnosis of a dilated fetal stomach includes normal fetus 
(Fig. 38-3) and gastrointestinal atresia (primarily duo-
denal atresia). For a dilated stomach when other fetal 
parameters are normal, follow-up is recommended.

Midline or Right-Sided Stomach

When an apparently malpositioned stomach is noted, 
the situs must again be carefully determined. Complete 
situs inversus is uncommon but can be prenatally 
detected. A midline stomach can represent intestinal 
malrotation14 (Fig. 38-4). However, heterotaxy syn-
drome, including right isomerism and left isomerism is 
more common. It is characterized by an abnormal sym-
metry of the viscera and veins and may be associated with 
complex cardiac anomalies, intestinal malrotation, and 
splenic (asplenia or polysplenia; Fig. 38-5), and hepatic 
abnormalities.15,16 The incidence of asplenia/polysplenia 
heterotaxy syndromes is 0.45 per 10,000 pregnancies.17 
Because of the combined cardiovascular and GI abnor-
malities, infant mortality is high, with 1-year mortality 
reaching 32% in a Canadian retrospective trial.18

LIVER

The fetal liver is clearly visualized in the upper abdomen 
in the second half of gestation, although earlier in gesta-
tion it has an echogenicity similar to renal echoes. In the 
fetus, the left side of the liver is larger than the right 
side.19 The liver increases in size during pregnancy.20 
Hepatic enlargement has been documented in fetal 
anemia caused by isoimmunization,21 glycogen storage 
diseases, and fetal infection.22

Hepatic calcifications may be noted in utero (Fig. 
38-6). The pathophysiology of the calcifications in 
otherwise normal fetuses is unknown. These are typically 
isolated and of no clinical consequence.23 However, 
hepatic calcifications have been reported in aneuploid or 
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FIGURE 38-2. Esophageal atresia. A, Transverse 
view of abdomen shows absent fetal stomach in second-tri-
mester fetus with trisomy 13. B, Third-trimester fetus with 
absent stomach and polyhydramnios. C, In a different fetus, 
coronal view of upper thorax shows a distended esophageal 
pouch (arrow).

TABLE 38-1. DIAMETER MEASUREMENTS OF FETAL STOMACH*

GESTATIONAL AGE (WK) N ANTEROPOSTERIOR (CM) TRANSVERSE (CM) LONGITUDINAL (CM)

13-15 15 0.4 ± 0.1 0.6 ± 0.2 0.9 ± 0.3
16-18 29 0.6 ± 0.2 0.8 ± 0.2 1.3 ± 0.4
19-21 17 0.8 ± 0.2 0.9 ± 0.2 1.6 ± 0.5
22-24 11 0.9 ± 0.3 1.8 ± 0.3 1.9 ± 0.6
25-27 14 1.0 ± 0.5 1.9 ± 0.5 2.3 ± 1.0
28-30 17 1.2 ± 0.3 1.6 ± 0.4 2.3 ± 0.5
31-33 18 1.4 ± 0.3 1.6 ± 0.4 2.8 ± 0.2
34-36 15 1.4 ± 0.4 1.6 ± 0.4 2.8 ± 0.9
37-39 16 1.6 ± 0.4 2.0 ± 0.4 3.2 ± 0.9

* Data are presented as mean ±2 SD.
From Goldstein I, Reece EA, Yakoni S, et al. Growth of the normal stomach in normal pregnancies. Obstet Gynecol 1987;70:641.
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FIGURE 38-3. Dilated fetal stomach in the second 
trimester. In sagittal view the stomach is visible extending 
inferiorly into the pelvis. Although this fetus had a persistently 
dilated stomach during an anatomic survey, it resolved by the next 
ultrasound, and the fetus had a normal outcome.

S

FIGURE 38-4. Midline fetal stomach in fetus with 
heterotaxy. Transverse view of the abdomen shows a midline 
stomach (arrow). This was the only abnormality seen at time of 
fetal survey; fetal echocardiogram revealed anomalous pulmonary 
venous return, and the diagnosis of heterotaxy was confirmed 
postnatally.

S

FIGURE 38-5. Polysplenia. Transverse MR image of fetus 
with complex congenital heart disease (not shown) with multiple 
splenules (arrows) in the left upper quadrant; S, stomach.

S

CMV-infected fetuses with additional anomalies.24 In 
the largest series of pregnancy outcomes of isolated, pre-
natally diagnosed calcifications, both trisomy 21 and 
parvovirus were noted (each 3%).24 Calcifications associ-
ated with vascular insult have also been reported. When 
hepatic calcifications are visualized, it is important to 
assess for any associated hepatic mass, for normal flow 
in the liver, for signs of infection, and for any structural 
or growth abnormalities. These calcifications in the 
hepatic parenchyma need to be distinguished from cal-
cifications that line the liver and peritoneal cavity in 
fetuses with meconium peritonitis.

Hepatic or intra-abdominal masses can also be iden-
tified in utero. Solid masses include hamartoma, 
adenoma, and hepatoblastoma. Hypoechoic liver 
masses include hepatic cyst (Fig. 38-7, A), hemangioma 
(Fig. 38-7, B), and abnormal myelopoiesis in fetuses 
with trisomy 21.25 Color flow Doppler ultrasound is 
recommended to distinguish vascular lesions. Vascular 
hepatic lesions have been noted to serve as vascular res-
ervoirs, leading to high-output cardiac failure and fetal 
hydrops.26-30 These vascular lesions include hemangio-
mas, hemangioendotheliomas, and hepatoblastomas 
and are associated with fetal hydrops. Therefore, follow-
ing these fetuses sonographically with middle cerebral 
artery and ductus venosus Doppler imaging may be 
helpful because of the ability to predict fetal anemia of 
other etiologies.31-42

BILIARY SYSTEM

The normal fetal gallbladder is an oblong, echolucent 
structure in the anterior liver (Fig. 38-8), generally 
located 45 degrees to the right of midline and inferior 
to the umbilical vein. The gallbladder increases in size 
with gestational age.43 In multiple series, visualization 
of the gallbladder was most common from 20 to 32 
weeks.44,45 Nonvisualization of the gallbladder is asso-
ciated with cystic fibrosis, gallbladder atresia, and 
biliary atresia.44,46 In a series of 578 fetuses, Hertzberg 
et al.44 demonstrated the gallbladder between 12 and 40 
weeks in 82.5%, but none of the fetuses with isolated 
nonvisualization of the gallbladder had any adverse  
neonatal outcome. Blazer et al.45 reported on 29,749 
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FIGURE 38-6. Hepatic calcifications. A and B, Sagit-
tal and transverse views of hepatic calcification (arrows) 
with shadowing posteriorly. In this fetus, chromosomes and 
infectious workup were normal; the calcifications were  
confirmed postnatally, with a normal newborn physical exami-
nation. C, Multiple hepatic calcifications in otherwise normal-
appearing fetus. (C from McNamara A, Levine D. Intraabdominal 
fetal echogenic masses: a practical guide to diagnosis and manage-
ment. Radiographics 2005;25:633-645.)

FIGURE 38-7. Hepatic masses. A, Hepatic cyst in sagittal view of the abdomen. B, Hepatic hemangioma (arrow) in 18-week fetus. 
(B from McNamara A, Levine D. Intraabdominal fetal echogenic masses: a practical guide to diagnosis and management. Radiographics 
2005;25:633-645.)
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FIGURE 38-8. Normal gallbladder. Transverse view of 
a third-trimester fetal abdomen shows the gallbladder (arrow) as 
an elongated cystic structure to the right of the umbilical vein 
(arrowhead).

GB

A B

FIGURE 38-9. Gallbladder sludge and stones. A, Transverse third-trimester abdomen shows the lumen of the gallbladder 
surrounding echogenic material consistent with sludge. This fetus had a normal newborn course. B, A fetus with gallstones.

(0.1%); all these women were offered amniocentesis for 
karyotype and cystic fibrosis screening. In 14 of these 
fetuses, other anomalies were identified. In the other  
20 fetuses, the gallbladder nonvisualization was isolated, 
and all 20 had a normal karyotype and appeared  
normal after birth. Therefore, confirmation of a normal 
gallbladder is not considered a requisite of a detailed fetal 
anatomic survey.

Echodensities in the fetal gallbladder can be either 
sludge or gallstones. They are primarily seen in the third 
trimester.47-49 Gallstones are generally reported to have 
acoustic shadowing (Fig. 38-9). If there is no shadowing, 
it is assumed that the echogenic debris represents sludge, 
a precursor of gallstones. In most cases, postnatal resolu-
tion occurs, and children are asymptomatic.

Enlarged gallbladder is associated with fetal aneu-
ploidy, but all reported fetuses also had other prenatally 
visualized anomalies.50

Cystic lesions of the biliary tree have been identified 
in utero. These cysts may be anechoic, may have echo-
genic debris, or may represent a bilobed gallbladder. 
Choledochal cysts most often represent dilation of the 
common bile duct51 (Fig. 38-10). There are numerous 
case reports of infrahepatic cystic masses representing 
both choledochal cysts and biliary atresias.52-54 Although 
prenatal sonographic appearance is not diagnostic; two 
case series suggest that infrahepatic cysts with some echo-
genicity that enlarge in the third trimester are more likely 
to be choledochal cysts.52,55

consecutive pregnant women whose fetuses were imaged 
by both transabdominal and transvaginal sonography at 
14 to 16 weeks for gallbladder detection. Maternal scans 
were repeated in 1 week if the fetal gallbladder was not 
seen on the initial examination. Of these, only 34 fetuses 
were identified with nonvisualization of the gallbladder 
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in the colon. All GI atresias are thought to represent a 
failure of recanalization of the bowel lumen, which is a 
solid tube early in fetal life.

Duodenal Stenosis and Atresia

Dilation of the duodenum resulting from stenosis 
(obstruction) or atresia is the most common bowel 
obstruction in the fetus; occurring in 1 or 2 per 10,000 
live births.63-65 Of cases reported up through the 1990s, 
between 34% and 57% were diagnosed prenatally.66-69 
Other anomalies are usually involved; most notably, 
30% to 44% have trisomy 21.63,67 Familial cases of 
duodenal atresia have also been reported.70 Duodenal 
atresia is also associated with anomalies of the VACTERL 
spectrum (vertebral abnormalities, anal atresia, cardiac 
abnormalities, TE fistula, renal agenesis, limb defects).71,72

Diagnosis of duodenal stenosis is most common in 
the third trimester. In the early second trimester, false-
negative diagnoses as well as false-positives have been 
reported.73,74 The infrequent diagnosis in the second tri-
mester may be caused by the relatively small amount of 
swallowed amniotic fluid by the fetus at this time. In 
the early second trimester, the fetus normally swallows 
2 to 7 mL of fluid, compared to 450 mL at term.75 
Duodenal obstruction may result from preampullary 
obstruction, a diaphragm or web causing partial or 
complete obstruction, or complete absence of a duode-
nal segment.76-79

The classic “double bubble” sign of a second echo-
lucent mass medial to the stomach (in a transverse view 
of fetal abdomen) is considered diagnostic of duodenal 
obstruction. This image represents the dilated duode-
num proximal to the atretic area. Because an abdominal 
fluid collection can have other etiologies, it is important 
to demonstrate a continuum between the stomach  
and the cystic mass. A prominent incisura angularis of 
the stomach may be mistaken for a “double bubble” if 
these are in different planes, but a careful real-time lon-
gitudinal examination of the stomach can eliminate this 
possibility. Apparent double-bubble sign is also associ-
ated with postnatal diagnoses of choledochal cyst and 
duodenal duplication cyst.67,80 Second-trimester cases 
have resolved in pregnancy, with normal outcomes.73,74 
Double-bubble sign has been found the late second or 
the third trimester in fetuses with echogenic bowel, in 
both those with trisomy 21 and fetuses with normal 
karyotypes81 (Fig. 38-11).

When duodenal atresia is suspected based on a 
“double bubble,” the presence of polyhydramnios sig-
nificantly increases the likelihood of a correct diagnosis. 
Polyhydramnios is frequently present in cases of duo-
denal atresia by the late second trimester,66,82,83 but typi-
cally is absent in the early second trimester, at the time 
of routine fetal survey. In a European study of 138 cases 
of postnatally confirmed duodenal atresia, polyhydram-
nios was present in only 33%.58 In this series, the 

PANCREAS

Pancreatic abnormalities reported prenatally include 
polycystic pancreas56 and annular pancreas.57 The 
diagnoses of annular pancreas were triggered by sono-
graphic assessment for a dilated duodenum. Annular 
pancreas is associated with as many as 33% of fetuses 
with prenatally diagnosed duodenal atresias.58

SPLEEN

The fetal spleen can be visualized as an echogenic organ 
in the left upper abdomen, lateral to the spine and the 
upper renal pole. The relationship to the fetal stomach 
can vary (Fig. 38-1, D). Nomograms are available for 
splenic size from 18 weeks until term.59,60 Abnormalities 
of the fetal spleen (asplenia or polysplenia) are associated 
with heterotaxy syndromes and warrant a detailed fetal 
cardiac examination. Splenomegaly in isoimmunized 
fetuses correlates to the severity of fetal anemia.61 In 
addition, splenomegaly in utero has been reported due 
to viral infection.62

SMALL BOWEL AND COLON

In the first trimester and early in the second trimester, 
the small and large bowel appear somewhat heteroge-
neous, with echogenicity similar to but increased, com-
pared to liver (see Fig. 38-1). Later in pregnancy, fluid 
can be seen in small bowel loops. Meconium can be seen 

FIGURE 38-10. Choledochal cyst. Transverse view of 
abdomen shows a cyst (arrow) with stomach (s) on the left and 
liver (L) on the right.

S

L
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than ileal.85 The most common etiology hypothesized for 
jejunoileal atresias is isolated vascular compromise.86 In 
animals, induced vascular compromise leads to isolated 
bowel atresias.87 Jejunal atresias have been associated 
with nonbowel anomalies in up to 42% of cases, with 
ileal obstructions associated with nonbowel anomalies 
only in up to 2%.58,88 Jejunal atresias, however, are more 
likely to be multiple and less often associated with in 
utero perforation than ileal atresias, likely because of  
the lower compliance of the ileum. “Apple peel” 
jejunal atresia is a subtype that involves agenesis of the 
mesentery, is more often familial,58,89,90 and is likely of a 

pregnancies with polyhydramnios were also more likely 
to be born preterm. Finding the double-bubble sign 
should trigger genetic counseling and consideration of 
amniocentesis because of the association with trisomy 
21. Careful renal and cardiac testing should be per-
formed, including fetal echocardiography.

Jejunal and Ileal Atresias

The prevalence of jejunoileal atresias (usually reported 
together) range from .54 to 1.11 cases per 10,000 live 
births.84 Jejunal atresias are slightly more common (51%) 
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FIGURE 38-11. Duodenal atresia in a fetus 
with trisomy 21. A, Transverse fetal pelvis at 18 
weeks with echogenic bowel (arrow E). The image of 
the bowel is taken in a plane to include iliac crest (arrow 
I) for comparison. B, Same fetus at 21 weeks. Transverse 
view of abdomen with stomach (arrow S) on left and 
fluid-filled duodenum (arrow D). C, Same fetus at 25 
weeks. There is a “double bubble.” The stomach is 
visible inferiorly (S), with the dilated proximal duode-
num (D) visible crossing the midline.



1336  PART IV ■ Obstetric Sonography

with anorectal atresia were detected prenatally.104 Because 
of the association of colonic obstruction with non-GI 
anomalies, a detailed fetal survey, fetal echocardiogram, 
genetic counseling, and discussion of aneuploidy risk 
should be included in the management of suspected 
cases in utero.

Megacystis and Microcolon

In megacystis-microcolon–intestinal hypoperistalsis 
syndrome, there is a distended bladder and at times a 
dilated small bowel. There is a 4:1 female predominance, 
which aids in distinguishing the large bladder associated 
with posterior urethral valves. Magnetic resonance 
imaging (MRI) can be helpful in identifying the micro-
colon.105,106 Hirschsprung disease (congenital megaco-
lon) can be detected in utero. In these cases, there are 
multiple dilated loops of bowel (Fig. 38-13). Hirschsprung 
disease or congenital aganglionosis of a segment of the 
colon can cause functional bowel obstruction.

Echogenic Bowel

Hyperechogenicity of the bowel is described when echoes 
of the bowel are as echogenic as the iliac crest with the 
ultrasound gain at the lowest gain, where bone looks 
white in the second trimester of pregnancy (Fig. 38-14; 
see also Fig. 38-11, A; Video 38-1). Use of a high-
frequency probe (8 MHz) increases the frequency of 
interpreting fetal bowel as echogenic.107 A low-frequency 
(≤5 MHz) probe should be used to confirm this finding.

When strict diagnostic criteria are used, the incidence 
of echogenic bowel in a general obstetrics population is 
0.2% to 0.7%.93,108 As the echogenicity of normal bowel 

different etiology. Cystic fibrosis (CF) is a common 
underlying etiology for ileal obstruction, with or without 
meconium-increased echogenicity noted prenatally.81,91 
In ileal obstructions without meconium echogenicity, 
the frequency of CF in newborns is 6% to 8%.92-94

Diagnosis of jejunoileal obstruction is based on 
dilated loops of bowel, most frequently without a dilated 
stomach and sometimes with hyperperistalsis (Fig. 
38-12). If peristalsis is not observed, dilated small bowel 
can be difficult to distinguish from dilated colon. The 
top normal lumen diameter used to diagnose bowel dila-
tion is 7 mm.81 The diagnosis of jejunoileal atresia is 
typically not made until late in the second trimester, 
when the bowel dilates. Polyhydramnios is less common 
in lower bowel obstructions than in duodenal atresia, not 
occurring in any reported ileal atresias,95 but occurring 
in one third of jejunal atresias.95

Anorectal Atresias

Of the large colon atresias, anorectal atresia is the most 
common. The incidence is 0.8 to 4 per 10,000 live 
births.96 Isolated cases of prenatal diagnosis of midcolon 
obstruction have also been noted.97 Anorectal malfor-
mations have the highest incidence of associated anoma-
lies of any of the GI atresias, 48% to 98%.96,98,99 The 
associated abnormalities are chromosomal and genitouri-
nary. Additionally, anal atresia is a part of the VACTERL 
sequence.98-100 However, prenatal detection is not as high 
as for upper bowel obstructions, with anal atresia detected 
in only 7% to 24% of affected fetuses.68,93,101

In prenatally detected cases, there are dilated loops of 
small bowel or colon in the absence of polyhydram-
nios.102,103 In a large series of neonates diagnosed post-
natally with VACTERL association, none of the fetuses 

FIGURE 38-12. Ileal atresia. Transverse fetal abdomen 
with multiple dilated loops of bowel. The bowel lumen is mea-
sured in the largest transverse diameter (calipers).

1

FIGURE 38-13. Hirschsprung disease. Note multiple 
dilated loops of bowel throughout the abdomen.
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all been reported in fetuses with echogenic bowel.109-113 
In all series, fetuses with chromosomal abnormalities are 
likely to have other abnormal sonographic findings. The 
risk of aneuploidy in fetuses with echogenic bowel as an 
isolated finding is 1.4% to 5%.109-113 Trisomy 21 is asso-
ciated with GI dysfunction and dysmotility.114 Thus, it 
is hypothesized that the dysmotility is the pathophysio-
logic cause of the echogenicity in aneuploid fetuses. 
However, most fetuses with trisomy 21 and echogenic 
bowel show no GI complication postnatally.50

Cystic Fibrosis

Echogenic bowel, meconium cysts, and peritonitis are 
the sonographic findings visible in the second trimester 
in fetuses with CF. With confirmed diagnosis of CF, the 
echogenic appearance of the bowel is caused by the bio-
chemical alterations in the secretory-digestive-absorptive 
function of the small intestinal mucosa, leading to meco-
nium obstruction in small bowel, primarily meconium 
ileus.115 The incidence of CF in fetuses with isolated 
echogenic bowel varies from 1.3% to 5%.108,116,117

Swallowed Fetal Blood

Echogenic bowel has been noted in pregnancies compli-
cated by vaginal bleeding, in those with asymptomatic 
subchorionic hemorrhage, and with the unexpected 
finding of new or old blood on amniocentesis performed 
for chromosomal analysis. In some fetuses with known 
second-trimester bleeding, the swallowed blood is visible 
in the fetal stomach on ultrasound, along with the hyper-
echoic bowel. In these fetuses it was concluded that the 
increased density of the swallowed blood causes the 
increased echogenicity. In a case series of pregnancies 
with isolated echogenic bowel undergoing amniocente-
sis, even pregnancies without evidence of bleeding  
and with normal-appearing amniotic fluid had evidence 

increases throughout pregnancy, the finding of echo-
genic bowel becomes normal in the third trimester. In 
particular, meconium in the colon can be seen normally 
as echogenic material in the third trimester.

Echogenic bowel is associated with numerous etiolo-
gies. In most cases the lumen of the bowel itself is later 
found to be normal. However, the in utero diagnosis is 
associated with fetal and placental abnormalities and an 
increased risk of poor pregnancy outcome, even when 
the second-trimester evaluation is otherwise normal. 
Because of these implications, an experienced sonogra-
pher must carefully evaluate the fetus and placenta  
and offer counseling and follow-up. In most fetuses  
with echogenic bowel in the second trimester, the bowel 
findings become normal as the pregnancy progresses. 
However, this should not eliminate the possibility of  
an abnormal pregnancy, because many of the associated 
complications do not occur until the third trimester.

Aneuploidy

The confirmation of hyperechoic bowel on second-tri-
mester ultrasound requires careful evaluation of the fetus 
because of the association with chromosomal abnormali-
ties. The most common abnormal karyotype is trisomy 
21, but trisomies 13 and 18, 45,X, and triploidies have 

FIGURE 38-14. Echogenic bowel. A, Echogenic bowel (arrow EB) in a fetus with previously seen subchorionic hemorrhage. Note 
small amount of debris in stomach. B, Echogenic bowel (arrows) in fetus with cytomegalovirus infection.
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this is termed a meconium pseudocyst (Figs. 38-15, C, 
and 38-16). Associated ultrasound findings include 
ascites, polyhydramnios, and dilated bowel.124,125 Both 
meconium ileus and meconium peritonitis are associated 
with CF in 8% to 40% of cases.124,126 Meconium peri-
tonitis has been classified to predict a postnatal surgical 
requirement.127 The risk of need for postnatal surgery 
increases with the number of findings. Once meconium 
peritonitis or ileus has been diagnosed, serial fetal sonog-
raphy in recommended. Because of the association with 
postnatally diagnosed fetal anomalies, delivery at a center 
with a neonatal intensive care unit (NICU) and pediatric 
surgery is suggested.

ENTERIC DUPLICATION CYST

Duplication cysts of the enteric tract are classified by the 
region of associated bowel, not by the histology of the 
mucosal lining.128 The incidence is estimated at 1 per 
10,000 infants.129 Enteric duplication cysts may be asso-
ciated with any area of the alimentary tract and can 
present in utero or postnatally as obstructions.129,130 Asso-
ciated anomalies occur in 30% of cases, most often gas-
trointestinal.130 The majority of duplications are ileal.130

Gastric duplication cysts present at ultrasound as 
cystic or echogenic tubular structures with defined 
borders. They are classically anechoic and cystic, but  
at times are filled with echogenic material. The borders 
typically have double lumens130 (Fig. 38-17; Video 
38-2). Depending on the site of presentation, the dif-
ferential diagnosis includes hepatic or choledochal cysts, 
bowel atresias, and ovarian cysts. Peristalsis of the cysts 
has been reported and can differentiate these masses 
from those of non-GI origin.131 Postnatally, the standard 
treatment is surgical, because of the association with 
delayed obstructions.129

ABDOMINAL WALL

Embryology

The embryonic abdominal wall develops from the lateral 
plate mesoderm and endoderm in later embryonic  

of blood in the fluid on spectrophotometry.50 In one 
series, 19% of fetuses with isolated echogenic bowel had 
sonographic findings of intrauterine bleeding, of which 
70% were confirmed to have intra-amniotic bleeding on 
amniocentesis.118

Fetal Viral Infection

Fetal viral infections including cytomegalovirus (CMV) 
and parvovirus infection are other associated etiologies 
of echogenic bowel. The range in incidence of viral  
infections in fetuses with echogenic bowel is 0.5% to 
6.3%.118-120 The etiology of the echogenic bowel in 
fetuses with viral infection is not known.

Later Diagnosis of  
Gastrointestinal Atresias

As previously noted, fetuses with trisomy 21 or CF and 
those with normal chromosomes and negative for CF 
have echogenic bowel as a second-trimester finding of a 
later-diagnosed GI atresia (see Fig. 38-11).

Intrauterine Growth Restriction  
and Fetal Demise

The risk of both intrauterine growth restriction (IUGR) 
and fetal demise increases in the second and third tri-
mesters after the second-trimester diagnosis of echogenic 
bowel. Incidence is 10% for IUGR116 and 5.8% to 15% 
for fetal demise.116,121,122 Subchorionic hematoma is 
associated with IUGR and fetal demise,123 and in some 
pregnancies, echogenic bowel may be the only clinical 
evidence of abnormal placentation, which could explain 
some of the poor outcomes in these fetuses.

Summary

Because of the association of echogenic bowel with fetal 
abnormalities, the following are recommended when 
echogenic bowel is identified in the second trimester: 
genetic counseling, consideration of karyotype, evalua-
tion for fetal viral infection, and CF testing. In addition, 
regardless of whether the patient chooses amniocentesis, 
serial fetal growth ultrasound and antenatal testing 
should be done later in pregnancy.

MECONIUM PERITONITIS  
AND PSEUDOCYST

Meconium peritonitis is a result of in utero small bowel 
perforation and subsequent extrusion of meconium 
intraperitoneally. Calcifications can be seen in the peri-
toneum, outlining bowel or liver (Fig. 38-15). When the 
extruded meconium becomes walled off in the perito-
neum and develops a heterogeneous cystic appearance, 

MECONIUM PERITONITIS: NEED FOR 
POSTNATAL SURGERY (%)

Isolated calcifications: 0%
Calcifications and pseudocyst, ascites, or bowel 

dilation: 52%
Calcifications and two of pseudocyst, ascites, or 

bowel dilation: 80%
Calcifications, pseudocyst, ascites, and bowel 

dilation: 100%
Polyhydramnios and any of above findings: 69%
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FIGURE 38-15. Meconium peritonitis. A, Sagittal view of fetus with a single calcification (arrow) in the abdomen with shadow-
ing. B, Transverse view of the abdomen with multiple punctate calcifications (arrows) scattered within the fetal abdomen, without shadow-
ing. Note the small amount of ascites (arrowhead). C, Oblique sagittal view of the torso shows multiple calcifications on the peritoneal 
surface of the liver in a fetus with a meconium pseudocyst (arrowhead), with an irregularly calcified wall. (From McNamara A, Levine D. 
Intraabdominal fetal echogenic masses: a practical guide to diagnosis and management. Radiographics 2005;25:633-645.)
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FIGURE 38-16. Meconium pseudocyst. Note cyst with 
debris with calcified rim (arrows).

FIGURE 38-17. Enteric duplication cyst. A, Note the characteristic double line around the wall, which distinguishes a gut 
duplication from other abdominal cysts. B, Atypical appearance of gastric duplication cyst with echogenic material (arrow). Note how 
cyst impinges on stomach. (B from McNamara A, Levine D. Intraabdominal fetal echogenic masses: a practical guide to diagnosis and manage-
ment. Radiographics 2005;25:633-645.)
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development (days 16-26). Each lateral plate splits hori-
zontally into the parietal and visceral mesoderm.132 The 
space between these layers becomes the body cavity 
(coelom or celum).5 The coelom differentiates into the 
peritoneal, pericardial, and pleural cavities. Normal 

development of the abdominal wall requires enfolding 
of the lateral plate around the coelom in several dimen-
sions: caudally, cephalad, and laterally. In the normal 
enfolding process, the lateral folds come together before 
the normal gut rotation, leaving a physiologic gut hernia-
tion into the coelomic outpouching of the umbilical cord 
insertion133 (Fig. 38-18). This herniation is usually 
visible on ultrasound from 9 to 11 weeks. In several large 
series of sequentially scanned fetuses, the bowel was no 
longer evident at the base of the umbilical cord in normal 
fetuses after 11 weeks.7 Therefore, if prominent material 
is seen at the cord insertion site, and it is unclear whether 
it is caused by an abdominal wall defect or physiologic 
bowel herniation, a follow-up scan in 1 week will resolve 
the issue.

Abdominal wall defects include gastroschisis, ompha-
locele, ectopia cordis, cloacal exstrophy, and amniotic 
band syndrome (limb–body wall defects). The overall 
incidence of abdominal wall defects is 6.3 per 10,000 
pregnancies.134 Because of the loss of integrity in the 
epidermal covering, abdominal wall defects are associ-
ated with elevations of maternal serum alpha-fetoprotein 
(MS-AFP). In the last 3 decades, with both maternal 
serum screening and fetal anatomic surveys recom-
mended and available in the second trimester, the major-
ity of abdominal wall defects are diagnosed in the second 
trimester. Centers that practice universal first-trimester 
screening have documented confirmation of diagnoses 
before 14 weeks.6,7 With increased access to early scan-
ning in the United States, earlier diagnosis is expected 
to become more common.
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FIGURE 38-18. Physiologic gut herniation. A, Physiologic gut herniation into the coelomic outpouching of the umbilical cord 
insertion at 9 weeks. B, Ninety-degree rotation of the bowel at the axis of the superior mesenteric artery. C, At 12 weeks the bowel reverts 
to its intra-abdominal placement, undergoing an additional 180-degree rotation along the axis of the superior mesenteric artery. D, In a 
fetus at 11 weeks, prominent material is seen at the cord insertion site (arrow). At 12 weeks this fetus was confirmed to have a normal 
abdominal cord insertion.
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Gastroschisis

Gastroschisis is a full-thickness paraumbilical defect of 
the abdominal wall, most often right sided, although 
when diagnosed in later pregnancy, the paraumbilical 
location may be more difficult to demonstrate on prena-
tal ultrasound. Unlike omphalocele, free-floating loops 
of bowel in the amniotic fluid are the key finding  
on ultrasound. In population-based studies in Europe, 
Australia, and Japan, the incidence of gastroschisis has 
increased from 0.4 to 1.6 per 10,000 up to 1.4 to 4 per 
10,000 live births during the last 25 years.135-139 There 
is no gender predilection in the affected fetuses. There 
is a dramatically increased incidence in teenage mothers, 
with the largest population-based study showing a 
tenfold increased incidence in 15- to 19-year-old com-
pared to 20- to 25-year-old women; the incidence in the 
15- to 19-year-old age group also increased from 4.0 to 
26.5 per 10,000 births.136

Particularly in young women, gastroschisis is associ-
ated with use of tobacco, illicit drugs, and pseudo-
ephedrine.135,136,139-141 Gastroschisis is infrequently 
associated with aneuploidy (0%-1.3%).139,142-144 The 
risk of non-GI anomalies is also small, up to 3%.142,143,145 
Increased risk of preterm birth weight (<10%) and a 
relatively high stillbirth rate (4.5%-12%) have been 

reported.138,142,146 Associated GI abnormalities (atresias, 
stenosis, perforations, or volvulus) are common (11%-
31%).134,143,145 These anomalies are hypothesized to 
result from the requisite malrotation or nonrotation in 
the herniated bowel, often through a relatively small 
abdominal wall defect. Morbidity and mortality are 
more common in infants diagnosed postnatally with 
these complications.134,145,146

It is unknown whether one or more etiologies explain 
the abdominal wall defects in fetuses with gastroschisis. 
One theory cites isolated vascular compromise of the 
abdominal wall in the first trimester, which is supported 
by the increased relative risk in teenage mothers who use 
vasoactive substances. Other proposed etiologies include 
failed development of the mesoderm and the lateral 
mesodermal enfolding.147 However, these do not account 
for the paramedian full-thickness defect.

The diagnosis is gastroschisis is relatively straightfor-
ward when the defect is limited, and free-floating loops 
of bowel are identified intra-amniotically. Most often the 
defect is paraumbilical, right sided (Fig. 38-19; Video 
38-3), and limited. Less often the defect extends upward 
or laterally. Extended abdominal wall defects with free-
floating bowel or liver are less common. Gastroschisis 
with inability to identify abdominal wall on prenatal 
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the defect extending into the pelvis or up to the sternum. 
Gastroschisis is associated with IUGR, fetal demise,149 
and evolving GI obstructions or perforations, serial sono-
graphy is recommended to continue to evaluate fetal 
growth and evaluate the bowel. Dilated stomach and 
dilated loops of bowel, either within the fetal abdomen 
or within the amniotic cavity, can be identified.

The increased stillbirth rate has led to many series 
attempting to predict fetuses at risk for in utero demise 
or poor postnatal outcome and to help optimize timing 

ultrasound has a significantly poorer prognosis than the 
more common limited defects, with no survivors in one 
large series. First-trimester diagnosis is possible.136,148

Initial management of gastroschisis involves detailed 
sonographic fetal evaluation and genetic counseling. 
Although risk of aneuploidy is low, amniocentesis is not 
unreasonable; given the young age of most mothers, the 
low risk of aneuploidy is still above age-based risk expec-
tation for this population. Care must be taken to assess 
if the borders of the defect can be delineated, looking for 
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FIGURE 38-19. Gastroschisis. A, Schematic of the full-
thickness abdominal wall defect lateral to the umbilical cord.  
B, Transverse fetal abdomen with the abdominal cord insertion to the 
side of the extruded loops of bowel (B) in the amniotic fluid. C, Sagit-
tal view of a fetus with gastroschisis with bowel (arrow) visible between 
the legs. D, Gastroschisis with dilated intra-abdominal loops of small 
bowel (SB). This fetus was born with torsion of loops of bowel at the 
cord insertion site, but they were able to be reduced without requiring 
bowel resection. E, Gastroschisis with dilated loops of bowel floating 
in the amniotic fluid.
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Omphalocele

Omphalocele is a midline abdominal wall defect into 
which the abdominal contents are extruded. It is covered 
by amnion and peritoneum (Fig. 38-20). The incidence 
of omphalocele varies geographically, from 0.6 per 
10,000 births in Japan139 to 6 per 10,000 births in the 
British Isles.143 British rates are also increased compared 
to European centers in the EUROCAT trials across  
the same time periods.142,156 In contrast to gastroschisis, 
omphalocele is most common in women 35 to 40 years 
old.139 Omphaloceles have a higher risk (10%-30%) of 
chromosome abnormalities than gastroschisis.139,143 The 
most common aneuploidies are trisomies 13 and 18, 
with trisomy 21, 45,X, and triploidy being reported.157,158 
Fetuses with liver herniated into the omphalocele  
sac have a lower risk of chromosomal abnormality  

of delivery. Some series have reported that a dilated  
fetal stomach is associated with both increased risk of 
fetal demise and postnatal morbidity.146,150,151 Badillo 
et al.,152 however, showed that the presence or absence 
of bowel findings failed to predict in utero or postnatal 
outcome. Loss of reactivity on fetal heart rate monitoring 
is a more reliable predictor of poor fetal outcome.153 Due 
to concern that prolonged in utero exposure of the bowel 
to amniotic fluid may worsen outcomes, two trials 
looked at outcome in fetuses born preterm (average, 35 
weeks) versus those delivered at term or for abnormal 
fetal testing.154,155 Neither trial showed an improved 
outcome in preterm fetuses. Based on this information, 
although sonographic monitoring of the fetus is recom-
mended throughout pregnancy, in addition to antenatal 
testing, preterm delivery is recommended only in cases 
of abnormal fetal testing, with or without growth delay.
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FIGURE 38-20. Omphalocele. A, Schematic of membrane covered omphalocele containing only bowel. B, Transverse abdomen 
with loop of bowel herniated into base of umbilical cord (arrow) at 13 weeks. C, Isolated loop of bowel in omphalocele sac. This is a 
small, small bowel–only omphalocele. The fetus had a karyotype of trisomy 18. D, Schematic of bowel and liver herniated into ompha-
locele sac. Continued
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FIGURE 38-20, cont’d. E and F, Transverse and sagittal abdominal image of omphalocele with herniated liver and bowel. 
G, Omphalocele. It is difficult to tell if the material in the sac is liver and/or bowel.

than those with small bowel–only omphalocele (Fig. 
38-20, C ).

Omphalocele has a 55% to 58% risk of associated 
anomalies,143,159 including midline defects (cardiac, 
clefting, and spinal/vertebral anomalies), clubfoot, and 
central nervous system anomalies.159 Because of the 
common association with aneuploidies and multisystem 
anomalies, most published rates of pregnancy termina-
tion are high, potentially biasing outcome data. Inher-
ited syndromes associated with omphalocele include 
autosomal dominant, autosomal recessive, and X-linked 
recessive.160 Omphalocele is also part of several syn-
dromes, most notably Beckwith-Weidemann (Fig. 
38-21). Beckwith-Weidemann syndrome is associated 
with mutation or deletion of imprinted genes within the 
chromosome 11p15.5 region. Its hallmarks are ompha-
locele, macroglossia, and gigantism in the newborn.

The etiology of development of omphalocele is mul-
tifactorial when isolated.161 Other hypotheses include the 
failure of closure of the lateral mesodermal folds.162

Identification of omphalocele in the second trimester 
is straightforward when close attention is paid to the 
abdominal cord insertion to ascertain that there is no 
evidence of bowel herniation into the base of the umbili-
cal cord. In the first trimester, physiologic umbilical 

herniation can be mistaken for early omphalocele  
detection. This finding does not persist into the second 
trimester, so even small herniations into the umbilical 
cord (Fig. 38-20, A-C ) are diagnostic of omphalocele in 
the second trimester. Liver can also be herniated into 
larger lesions (Fig. 38-20, D-F ). Liver is never physio-
logically herniated, and if seen in the late first trimester, 
this should be considered abnormal. During the evalua-
tion, attempts should be made to assess the boundaries 
of the abdominal wall lesion for appropriate parental 
counseling. The finding of fetal omphalocele should 
trigger a detailed fetal evaluation, including fetal echo-
cardiography, because of the frequency of cardiac 
defects.156 Genetic counseling is recommended, with 
consideration of fetal chromosomal evaluation. Serial 
fetal sonography should be performed, as well as fetal 
testing. Parents should be counseled about the risk of 
stillbirth.139

Ectopia Cordis

Ectopia cordis is a midline fetal defect with all or part of 
the heart extruded out of a sternal defect, with or without 
a membrane (Fig. 38-22). Whether part of an extended 
gastroschisis or omphalocele or an isolated finding, the 
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FIGURE 38-21. Beckwith-Weidemann syndrome. A, Transverse view of abdomen demonstrates an omphalocele (calipers). 
B, View shows an 8-cm-thick placenta, consistent with placentomegaly.

A B

FIGURE 38-22. Ectopia cordis. Transverse color Doppler 
view of the fetal chest shows that the heart is outside the divergent 
sternum; V, ventricle. (Courtesy Leo Drolshagen, MD, Fort Smith, 
Ariz.)

V

prognosis is poor, although survivors have been 
reported.163 Trisomy 18 is associated with this diagno-
sis.164,165 Pentalogy of Cantrell was first described as a 
combination of abnormalities, including diaphragmatic 
and ventral hernias, hypoplastic lung, and cardiac anom-
alies such as transposition of the great vessels and patent 
ductus arteriosus.166 Later, geneticists recommended 
including fetuses or infants with ectopia cordis and other 
midline defects within this categorization. With this 
definition, prenatal diagnosis can only be suspected, and 
not confirmed in utero. The NCBI Online Mendelian 
Inheritance in Man (OMIM) registry recommends the 
term thoracoabdominal syndrome for the combina-
tions of these disorders, now including other midline 
defects such as facial clefting and encephalocele. Martin 

et al.167 proposed that these defects result from a devel-
opmental field disorder, which is now the accepted 
working hypothesis. Ectopia cordis therefore may be 
present independent of or associated with thoracoab-
dominal syndrome.

Amniotic Band Syndrome and 
Limb–Body Wall Complex

Amniotic band syndrome can affect any part of the fetus. 
If a band has disrupted development of the anterior 
abdominal wall, the defect can appear similar to a gas-
troschisis (Fig. 38-23). Extended and complex midline 
defects of the abdominal wall or thorax are generally 
categorized as limb–body wall complex or body stalk 
anomaly.168 These defects are often one aspect of a fetus 
with multiple anomalies and are associated with limb  
or spinal defects, craniofacial defects, exencephaly, or 
encephaloceles. The incidence is 1.3 per 10,000 preg-
nancies at 11 to 14 weeks,169 with spontaneous preg-
nancy loss leading to decreased incidence later in 
gestation and at birth. Many suggest that limb–body wall 
complex encompasses two subtypes of midline defects 
with entirely different etiologies.170-175 The first type, 
phenotypically characterized by craniofacial defects, 
amnion bands, and adhesions, is caused by vascular 
disruption or amnion rupture in very early pregnancy. 
The second type has no craniofacial defects but rather 
urogenital anomalies (including cloacal and bladder 
exstrophies), anal atresia, and abnormalities of the pla-
cental attachment site, as well as persistence of the extra-
embryonic coelom. This type is thought to be caused by 
fetal maldevelopment.

Sonographic diagnosis is suggested when there is 
extrusion of abdominal contents into amniotic fluid with 
the presence of a shortened and two-vessel umbilical 
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cord.173 Oligohydramnios is common. Distinguishing 
the subtypes may not be possible because of the difficulty 
visualizing the fetal face. Fetal MRI may be helpful in 
illustrating these complex abdominal wall defects.172,176 
Although the subtypes have different developmental eti-
ologies, the prognosis for both types, in the absence of 
amniotic fluid, is universally fatal.

Bladder Exstrophy

Bladder exstrophy–epispadias complex (BEEC) is 
defined in OMIM as the combination of infraumbilical 
abdominal defects, including the pelvis, urinary tract, 
and external genitalia.177 Both familial and sporadic cases 
occur. The etiology is multifactorial; many fetuses have 
multisystem anomalies, including kyphoscoliosis, renal 
defects, and clubfoot.178,179 There is no reported associa-
tion with aneuploidy.

Sonographic diagnostic criteria include the presence 
of an infra-abdominal mass and inability to visualize a 
bladder. There is an inferiorly displaced umbilical cord, 
usually with a unilateral umbilical artery (Fig. 38-24). 
Neonatal outcome has low mortality, but repair of these 
defects is complex, often requiring staged procedures 
with a mixed outcome, to maintain continence and  
functional genital tissue.180,181

Omphalocele-Exstrophy–
Imperforate Anus–Spinal Defects

Omphalocele-exstrophy–imperforate anus–spinal defects 
(OEIS) complex was formerly known as cloacal exstro-

FIGURE 38-23. Amniotic band syndrome. A, Transverse view of abdomen shows anterior abdominal wall defect. B, View of 
lower extremity shows constriction ring caused by amniotic bands. The constellation of findings is consistent with amniotic band 
syndrome.
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phy (Fig. 38-25). This group of birth defects consists 
of omphalocele, exstrophy of the cloaca, imperforate 
anus, and spinal abnormalities. Genital abnormalities  
are also common.182 This disorder is sporadic, occurring 
at a higher rate in monozygous than dizygous twins,183 
suggesting a vascular component.

The OEIS defects probably result from failure of 
fusion of the abdominal cloaca and exstrophy of the 
common cloaca that receives ureters, ileum, and a rudi-
mentary hindgut. Additional findings occur in the 
genital tubercles and pubic rami, with incomplete devel-
opment of the lower vertebrae. Imperforate anus, crypt-
orchidism, and epispadias occur in males, with anomalies 
of the müllerian duct derivatives in females, as well as a 
wide range of urinary tract anomalies, including renal 
agenesis.161

Criteria for sonographic diagnosis of OEIS are non-
visualization of the bladder associated with a visualized 
persistent cloaca, presence of an omphalocele, and spinal 
defects, typically neural tube defects or tethered cord. 
Single umbilical artery is a common associated finding. 
Although fetuses also have genital abnormalities, defin-
ing these in utero is difficult.184

Diagnosis of OEIS has been reported as early as 
13weeks.95 Tiblad et al.185 reported 100% diagnostic 
accuracy in the second trimester, although other  
series reported diagnostic difficulties differentiating  
from limb–body wall complex and pentalogy of 
Cantrell.182,183,186 Once this diagnosis has been made, 
genetic counseling is suggested. In patients continuing 
pregnancy, amniocentesis may be considered to identify 
gender prior to birth.
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FIGURE 38-24. Bladder exstrophy. A, Transvaginal 
sonogram at 16 weeks shows an abdominal wall defect, located 
low in the abdomen. The bladder was not visualized. B, Postmor-
tem photograph shows bladder exstrophy; UC, umbilical cord. 
C, Bladder exstrophy (arrow) in a different fetus.
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Evaluation of the fetal urogenital tract is an integral 
part of the obstetric ultrasound examination. Sonogra-
phy depicts normal developmental anatomy and allows 
detection and characterization of many genitourinary 
abnormalities. In addition, assessment of the amniotic 
fluid volume often provides important prognostic infor-
mation regarding fetal renal function. Accurate and early 
prenatal diagnosis is important because this may influ-
ence obstetric and neonatal management.

Urinary tract anomalies account for 33% of all mal-
formations detected by routine prenatal sonography.1 
A systematic sonographic approach is proposed, which 
includes a search for associated anomalies and detailed 
evaluation of renal structure and function.

THE NORMAL URINARY TRACT

Embryology

The permanent kidney (metanephros) is the third in a 
series of excretory organs in the human embryo, forming 
after the pronephros and mesonephros.2 In the seventh 
menstrual week, the metanephros begins to develop 
from two sources: the metanephric diverticulum (ure-
teric bud) and the metanephric mass of intermediate 
mesoderm (Fig. 39-1). The ureteric bud is an outgrowth 
from the mesonephric duct, near its entrance into the 
cloaca. It elongates and branches in a dichotomous 

pattern, giving rise to the ureter, renal pelvis, calyces, and 
collecting tubules. Through interaction with the meta-
nephric mesoderm, the ureteric bud induces the forma-
tion of nephrons. In early embryonic life, the kidneys 
are located in the pelvis, but they “ascend” to their adult 
position by the 11th menstrual week. At this gestation, 
the kidneys start to produce urine.

By the ninth menstrual week, the cloaca (caudal part 
of hindgut) is divided by the urorectal septum into the 
rectum posteriorly and the urogenital sinus anteriorly 
(Fig. 39-1). The urinary bladder, the female urethra, and 
most of the male urethra develop from the urogenital 
sinus and the surrounding splanchnic mesenchyme. Ini-
tially, the bladder is continuous with the allantois, but 
this structure soon constricts and becomes a fibrous cord, 
the urachus, which extends from the apex of the bladder 
to the umbilicus.

Sonographic Appearance

In the first trimester the fetal kidneys are best examined 
by transvaginal sonography. The kidneys are seen as oval, 
hyperechoic structures in the paravertebral regions, with 
a small, central sonolucent area caused by fluid in the 
renal pelvis3 (Fig. 39-2, A). By 12 to 13 weeks of gesta-
tion, the kidneys could be visualized in 99% of cases 
with combined transabdominal and transvaginal sonog-
raphy.4 In the second trimester the kidneys often appear 
as isoechoic structures adjacent to the fetal spine on 
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FIGURE 39-1. Embryology of the urinary tract. Diagrams show division of the cloaca into the urogenital sinus and rectum; 
absorption of the mesonephric ducts; development of the permanent kidneys (metanephroi), urinary bladder, urethra, and urachus; and 
changes in the location of the ureters. A, Lateral view of the caudal half of a 5-week-old embryo. B, D, and F, Dorsal views. C, E, G, 
and H, Lateral views. The stages shown in G and H are reached by the 12th week. (From Moore KL, Persaud TVN: The developing 
human: clinically oriented embryology. 7th ed. Philadelphia, 2003, Saunders.)
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renal borders, especially at the upper pole, because of 
shadowing from ribs or poor distinction from the adrenal 
gland. Fetal breathing can aid in renal visualization. It is 
also important to avoid using an oblique section through 
the kidney for measurement. The renal/abdominal 
circumference ratio remains constant at 0.27 to 0.30 
throughout pregnancy.6

The calyces are not normally visualized, but some 
fluid is typically seen in the renal pelvis. The highly 
characteristic renal pelvic echo is often the key to 
finding the kidneys in the second trimester. Measure-
ments of the renal pelvis are discussed in the section on 
hydronephrosis. The normal ureter is 1 to 2 mm in 
diameter and is not normally visible.

By using transvaginal sonography, the bladder can 
be seen as early as 11 weeks of gestation.3 By 12 to 13 
weeks, the bladder is visualized in 98% of cases using 
both transabdominal and transvaginal sonography.4 The 
bladder is thin walled and situated anteriorly in the 

transabdominal sonography (Fig. 39-2, B). As the fetus 
matures, corticomedullary differentiation becomes more 
obvious, especially in the third trimester (Figs. 39-2, C 
and D). The renal pyramids orient in anterior and pos-
terior rows and are hypoechoic relative to the renal 
cortex. In the third trimester the renal cortex is isoechoic 
or slightly hyperechoic to liver and spleen. With fat 
deposition in the perinephric region, an echogenic 
border develops, and the kidney becomes better delin-
eated. Normal fetal lobations are often visible and give 
the kidneys an undulating contour.

The kidneys grow throughout pregnancy. Table 39-1 
provides a nomogram of renal lengths at 14 to 42 
weeks of gestation.5 The often-quoted rule of thumb that 
“renal length in millimeters approximates gestational age 
in weeks” only applies to a narrow gestational age range 
of 18 to 21 weeks. There are also published charts of 
renal anterior-posterior diameter, transverse diameter, 
and volume.5 Sometimes, it is difficult to define the exact 

FIGURE 39-2. Normal appearance of kidneys at different gestational ages. A, Transvaginal scan at 13 weeks of 
gestation in the coronal plane shows normal kidneys (calipers), which appear hyperechoic, with small central sonolucent areas caused by 
fluid in the renal pelves. B, Transabdominal scan at 19 weeks in the transverse plane shows the kidneys (arrows) as paired isoechoic 
structures adjacent to the fetal spine. C and D, Longitudinal and transverse scans at 33 weeks show the kidney well outlined by perinephric 
fat, with normal corticomedullary differentiation. The pyramids (arrowheads) are hypoechoic. There is a small amount of fluid in the 
central collecting system (black arrow).

A B

C D
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TABLE 39-1. RENAL LENGTHS AT 14-42 
WEEKS’ GESTATION

WEEK N

Fixed Centiles

3rd 10th 50th 90th 97th

14 3 7.5 8.0 9.3 10.8 11.6
15 3 8.8 9.5 11.0 12.8 13.7
16 2 10.2 11.0 12.7 14.8 15.8
17 12 11.6 12.5 14.5 16.8 18.1
18 10 13.1 14.1 16.3 18.9 20.3
19 15 14.6 15.6 18.2 21.1 22.6
20 15 16.1 17.2 20.0 23.2 24.9
21 15 17.5 18.8 21.8 25.4 27.2
22 14 19.0 20.4 23.6 27.4 29.4
23 16 20.4 21.9 25.4 29.5 31.6
24 17 21.8 23.4 27.1 31.5 33.8
25 18 23.1 24.8 28.8 33.4 35.8
26 20 24.4 26.2 30.4 35.3 37.8
27 24 25.6 27.5 31.9 37.1 39.7
28 18 26.8 28.7 33.4 38.7 41.5
29 19 27.9 29.9 34.7 40.3 43.2
30 19 28.9 31.0 36.0 41.8 44.8
31 23 29.9 32.1 37.2 43.2 46.3
32 23 30.8 33.0 38.3 44.5 47.7
33 22 31.6 33.9 39.4 45.7 49.0
34 19 32.4 34.7 40.3 46.8 50.2
35 20 33.1 35.4 41.1 47.8 51.2
36 23 33.7 36.1 41.9 48.7 52.2
37 14 34.2 36.7 42.6 49.4 53.0
38 17 34.7 37.2 43.2 50.1 53.8
39 13 35.1 37.6 43.7 50.7 54.4
40 14 35.4 38.0 44.1 51.2 54.9
41 26 35.7 38.3 44.5 51.6 55.4
42 17 36.0 38.6 44.8 52.0 55.7

N = Number of fetuses for each week of gestation.

pelvis. The umbilical (superior vesical) arteries run 
lateral to the bladder as they course toward the umbilicus 
(Fig. 39-3). The hourly fetal urine production increases 
with advancing gestation, from a mean value of 4 to 
5 mL/hr at 20 weeks to 52 to 56 mL/hr at 40 weeks.7,8 
Three-dimensional (3-D) ultrasound measurements 
demonstrate reproducible urine production rates based 
on bladder volumes, but tend to estimate higher rates  
in the third trimester compared to the standard two-
dimensional (2-D) technique.9,10 The maximum bladder 
volume increases from a mean value of 1 mL at 20 weeks 
to 36 mL at 41 weeks.7 The normal bladder fills and 
empties (either partially or completely) approximately 
every 25 minutes (range, 7-43 min). Therefore, changes 
in bladder volume should be observed during the course 
of the obstetric sonogram.

Amniotic Fluid Volume

Evaluation of amniotic fluid volume (AFV) provides 
important information about fetal renal and placental 
function. Evaluation of AFV is a key component of fetal 
biophysical assessment. After 16 weeks, fetal urine pro-
duction becomes the major source of amniotic fluid.11 
Several methods are used to assess AFV. Subjective 
assessment can be combined with semiquantitative tech-
niques, such as measurement of the largest single pocket 
(free of umbilical cord and fetal small parts) and amni-
otic fluid index (AFI). Intraobserver and interobserver 
studies have shown that the subjective assessment of 
AFV by experienced sonographers is reliable.12 Signifi-
cant oligohydramnios results in compression of the fetus, 

From Chitty LS, Altman DG. Charts of fetal size: kidney and renal pelvis 
measurements. Prenat Diag 2003;23:891-897.

FIGURE 39-3. Normal urinary bladder. A, Sagittal image of a 12-week fetus. Note normal urinary bladder (arrow). B, Power 
Doppler image of the umbilical arteries (arrows) at 20 weeks’ gestation helps in the identification of any questionable fluid-filled structure 
in the pelvis as the urinary bladder (B).

A B

12 w
20 w

B
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population (high risk vs. unselected), timing of the ultra-
sound scan, expertise of the operator, quality of the 
ultrasound equipment, extent of follow-up, and ascer-
tainment of congenital anomalies. For major urinary 
tract anomalies, 57% were detected before 24 weeks.1 
Lethal urinary tract anomalies account for 10% of preg-
nancy terminations.19

A systematic approach to the prenatal diagnosis of 
urinary tract abnormalities includes assessment of amni-
otic fluid volume, localization and characterization of 
urinary tract abnormalities, assessment of fetal gender, 
and search for associated abnormalities.

Normal AFV in the second half of pregnancy implies 
at least one functioning kidney and a patent urinary 
conduit to the amniotic cavity. If oligohydramnios is 

marked crowding of fetal parts, and poor definition of 
fetal interfaces. The following classification has been pro-
posed for the largest single pocket method: vertical depth 
of the pocket less than 2 cm indicates moderate to severe 
oligohydramnios, 2 to 8 cm is normal, and greater than 
8 cm indicates polyhydramnios.13

The AFI is obtained by measuring the vertical depth 
(mm) of the largest cord-free amniotic fluid pocket in 
the four quadrants of the uterus, and the sum of the four 
measurements is the index.14,15 AFI varies with gesta-
tional age (Table 39-2). Oligohydramnios should be 
defined as more than two standard deviations (2 SD) 
below the mean for the specific gestational age, although 
the 5th centile value is recommended for screening. The 
AFI is a reproducible, objective method for amniotic 
fluid measurement.15 It is useful for following AFV on 
serial examinations, particularly by multiple examiners 
of varying experience.

However, the semiquantitative methods have several 
technical and interpretative limitations.16 If the fetus is 
active, fetal movement may rapidly change the size of 
pockets. A large pocket may be replaced by multiple 
small pockets between extremities. Measuring pockets 
filled with cord, or pockets with large vertical dimensions 
but small widths (<1 cm), leads to overestimation. It is 
recommended that when AFI is less than 10 cm, three 
measurements should be averaged.15 The AFI is not a 
substitute for experience in assessment of AFV. A meta-
analysis comparing the use of AFI versus the single 
deepest vertical pocket method as predictors of poor 
perinatal outcome failed to show an advantage of one 
method over the other.17

URINARY TRACT ABNORMALITIES

The prevalence of urinary tract malformations varies 
among studies, likely because of differences in study 
population and methods of surveillance. In a recent 
analysis of 709,030 births in 12 European countries, the 
prevalence of congenital malformations of the urinary 
tract was 1.6 per 1000 births.18 The overall prenatal 
detection rate was high: 82% and 88.5% in two 
studies.1,18 However, it varied from 36% to 100% in 
different centers.18 Many factors could account for the 
variation of prenatal detection rates, including the study 

TABLE 39-2. AMNIOTIC FLUID INDEX 
(AFI) VALUES IN NORMAL PREGNANCY

AFI (MM)

WEEK 2.5th 5th 50th 95th 97.5th

16 73 79 121 185 201
17 77 83 127 194 211
18 80 87 133 202 220
19 83 90 137 207 225
20 86 93 141 212 230
21 88 95 143 214 233
22 89 97 145 216 235
23 90 98 146 218 237
24 90 98 147 219 238
25 89 97 147 221 240
26 89 97 147 223 242
27 85 95 146 226 245
28 86 94 146 228 249
29 84 92 145 231 254
30 82 90 145 234 258
31 79 88 144 238 263
32 77 86 144 242 269
33 74 83 143 245 274
34 72 81 142 248 278
35 70 79 140 249 279
36 68 77 138 249 279
37 66 75 135 244 275
38 65 73 132 239 269
39 64 72 127 226 255
40 63 71 123 214 240
41 63 70 116 194 216
42 63 69 110 175 192

PRENATAL DIAGNOSIS OF URINARY 
TRACT ABNORMALITIES

Assessment of amniotic fluid volume
Localization and characterization of urinary tract 

abnormalities
Search for associated abnormalities

AMNIOTIC FLUID ASSESSMENT*

Vertical Depth

*Largest single pocket method.

<2 cm Oligohydramnios
2-8 cm Normal
>8 cm Polyhydramnios

From Moore TR, Cayle JE. The amniotic fluid index in normal human 
pregnancy. Am J Obstet Gynecol 1990;162:1168-1173.
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The ultrasound findings include severe oligohydram-
nios and nonvisualization of the kidneys and bladder. 
Before 16 weeks’ gestation, AFV is not dependent on 
urine production and may be normal despite absent 
renal function. The absence of fetal kidneys should  
be the most specific finding, but this may be difficult  
to document because of poor image quality associated 
with oligohydramnios. In addition, bowel or adrenal 
glands in the renal fossae may be mistaken for kidneys.29 
However, recognition of the distinctive, flattened appear-
ance of the adrenal gland on longitudinal sonogram 
(“lying down” adrenal sign) helps to confirm that the 
kidney did not develop in the flank30 (Fig. 39-4).

Repeated and consistent nonvisualization of the 
urinary bladder (over 1 hour) is a secondary sign of 

present without a history of ruptured membranes, mater-
nal drug intake (e.g., ACE inhibitors,20 angiotensin II 
receptor antagonists,21 COX-2 selective and nonselective 
inhibitors,22 nonsteroidal anti-inflammatory drugs,23 
cocaine24), or evidence of intrauterine growth restriction 
(IUGR), urinary tract anomalies must be strongly sus-
pected. In the setting of a urinary tract abnormality, 
normal AFV indicates a good prognosis. Oligohydram-
nios in the early second trimester carries a very poor 
prognosis because of the associated pulmonary hypopla-
sia. Occasionally and paradoxically, polyhydramnios 
may occur, especially with unilateral obstructive uropa-
thy, with mesoblastic nephroma, or when there are con-
comitant abnormalities of the central nervous system 
(CNS) or gastrointestinal (GI) tract.

The following questions are helpful in defining and 
characterizing the urinary tract abnormality:
• Is the bladder identified and normal in appearance?
• Are kidneys present? Are they normal in position, 

size, and echogenicity? Are renal cysts identified?
• Is the urinary tract dilated? If so, to what degree, at 

which level, and what is the cause?
• Is the involvement unilateral or bilateral, 

symmetrical or asymmetrical?
• What is the fetal gender?

It is important to perform a detailed anatomic scan to 
search for associated abnormalities, which may indicate 
the presence of a syndrome or chromosomal abnormal-
ity. Renal anomalies may be part of the VATER associa-
tion (vertebral defects, anal atresia, tracheoesophageal 
fistula, radial defects and renal anomalies). An expansion 
of this syndrome, VACTERL, includes cardiac and non-
radial limb defects. When there are additional malforma-
tions, the risk for fetal chromosomal abnormalities is 
substantially increased compared to the maternal age-
related risk: 30 times higher for multiple defects versus 
3 times higher for isolated renal defect.25

In addition, renal ultrasound is recommended for 
parents (and siblings) of fetuses suspected to have certain 
renal abnormalities (polycystic kidney disease, renal 
agenesis or severe dysgenesis), because it may help to 
diagnose the type of polycystic kidney disease in the 
fetus, detect asymptomatic renal pathology in parents 
(and siblings), and counsel parents regarding the recur-
rence risk.26,27

Bilateral Renal Agenesis

Bilateral renal agenesis is a lethal congenital anomaly 
with an incidence of approximately 1 in 4000 births and 
a 2.5:1 male preponderance.28 The ureteric bud fails to 
develop; nephrons do not form; no urine is produced; 
and severe oligohydramnios results. Pulmonary hypopla-
sia is the major cause of neonatal death. Other features 
of “Potter’s sequence” include typical facies (beaked 
nose, low-set ears, prominent epicanthic folds, hyper-
telorism), limb deformities, and IUGR.

FIGURE 39-4. “Lying down” adrenal sign. Longitudi-
nal scan through the renal fossa shows absence of the kidney and 
the flattened adrenal gland (arrows). The lying-down adrenal sign 
is an indication of renal agenesis or ectopia.
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FIGURE 39-5. Absent renal arteries. Color Doppler 
ultrasound shows no renal artery arising from the aorta (Ao) in a 
fetus with bilateral renal agenesis.

FIGURE 39-6. Normal renal arteries. Color Doppler 
ultrasound maps out the renal arteries bilaterally (arrows) in a 
20-week fetus, confirming the presence of kidneys, which are 
poorly visualized on this image.

FIGURE 39-7. Normal kidneys. T2-weighted MR images at A, 21 weeks’ gestation, and B, 30 weeks. The renal parenchyma (arrows) 
shows low to intermediate signal intensity. The renal collecting system and bladder (B) shows high signal intensity. (A courtesy Sophia 
Pantazi, MD, Mount Sinai Hospital, Toronto; B courtesy Susan Blaser, MD, Hospital for Sick Children, Toronto.)

A B

bilateral renal agenesis. Conversely, identification of a 
normal bladder excludes this diagnosis. A small urachal 
diverticulum may mimic the bladder, but its lack of 
filling and emptying distinguishes it from the bladder. 
Furosemide challenge is not a useful test because it does 
not reliably distinguish between fetuses with renal agen-
esis and those with impaired renal function from other 
causes (e.g., IUGR).31

Other techniques have been proposed to improve 
visualization of fetal structures: intra-amniotic and intra-
peritoneal infusion of isotonic saline,32 transvaginal 
ultrasound,33 and color Doppler ultrasound imaging.34,35 

The transvaginal probe is particularly useful in the 
second trimester and with breech presentation. Color 
Doppler imaging can be used to diagnose absent renal 
arteries, providing further evidence for the diagnosis of 
bilateral renal agenesis (Fig. 39-5). More importantly, it 
helps to map out the renal arteries in difficult cases of 
oligohydramnios, thereby confirming the presence of 
kidneys and avoiding confusion (Fig. 39-6).

Fetal magnetic resonance imaging (MRI) may  
help to identify the kidneys when sonographic visualiza-
tion is limited by anhydramnios (or severe oligohydram-
nios) and large maternal body habitus36,37 (Fig. 39-7). 
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vesicoureteral reflux (VUR).42 Unilateral renal agenesis 
may be associated with genital, cardiac, skeletal and GI 
abnormalities. Isolated unilateral renal agenesis has a 
good prognosis. Neonatal urologic workup is necessary, 
including a voiding cystourethrogram.

The recurrence risk to parents of a baby with isolated 
unilateral renal agenesis is about 1% if the parents have 
normal renal ultrasound. However, if one parent has a 
congenital solitary kidney, the risks to offspring are 7% 
for congenital solitary kidney and 1% for bilateral renal 
agenesis.43

Renal Ectopia

One or both kidneys may be in an abnormal position. 
The incidence of renal ectopia varies between 1:500 and 
1:1200 births, with pelvic kidney being the most 
common form.44 The ectopic kidney may be hypoplastic 
or dysplastic. When the renal fossa is empty, careful 
scanning may demonstrate the ectopic kidney adjacent 
to the bladder or iliac wing. Less frequently, the ectopic 
kidney is located on the opposite side of the abdomen 
relative to its ureteral insertion into the bladder, resulting 
in crossed renal ectopia with or without fusion. In most 
cases the crossed kidney fuses with the normally located 
kidney (cross-fused ectopia), and an enlarged bilobed 
kidney is seen. Renal ectopia is associated with a high 
incidence of urologic abnormalities, most often VUR.  
It may be associated with genital, skeletal, and GI  
abnormalities. Neonatal urologic workup is necessary, 
including renal ultrasound, technetium-99m succimer 
(99mTc DMSA) scan and a voiding cystourethrogram (in 
renal ectopia with pelvic dilation and in crossed renal 
ectopia).45

Horseshoe Kidney

Horseshoe kidney is the most common fusion anomaly 
of the kidney, occurring 1:400 to 1:500 births.2,44 Pre-
natal sonographic findings include abnormal longitudi-
nal axis of both kidneys and a bridge of renal tissue 
connecting the lower poles (Fig. 39-8). Despite its rela-
tive frequency, this disorder is seldom diagnosed because 
the findings are subtle, and surrounding bowel can 
obscure the fused isthmus. The majority of horseshoe 
kidneys have an abnormal anterior orientation of the 
renal pelvis bilaterally. Measurement of the renal pelvic 
angle on a true axial image of both kidneys is useful for 
diagnosis, and angles less than 140 degrees are highly 
suggestive of horseshoe kidney.46 A horseshoe kidney is 
frequently associated with other anomalies (e.g., uro-
genital, cardiac, skeletal, CNS) and chromosomal abnor-
malities such as Turner syndrome, trisomy 18, and 
trisomy 9. Isolated horseshoe kidney is a relatively 
benign disorder that requires postnatal urologic follow-
up because of higher prevalence of VUR, renal calculi, 
urinary tract infections (UTIs), and hydronephrosis.

However, the image quality of MRI is also affected  
by patient size and oligohydramnios, although to a  
lesser degree. Therefore, it may be difficult for MRI to 
exclude renal agenesis, if the kidneys are not seen before 
24 weeks’ gestation. Associated anomalies are quite 
common, including genital, cardiac, skeletal, and GI 
abnormalities.

In the majority of cases, bilateral renal agenesis is a 
multifactorial disorder. Parents should be counseled 
about two risks. First, the recurrence risk of having 
another child with bilateral renal agenesis is approxi-
mately 4%.26,38 Second, parents and “unaffected” sib-
lings have an increased risk of having silent genitourinary 
malformations; 9% of first-degree relatives have asymp-
tomatic renal malformations, most often unilateral renal 
agenesis. Therefore, screening family members with 
renal ultrasound is recommended.26

Unilateral Renal Agenesis

Unilateral renal agenesis is three to four times more 
common than bilateral renal agenesis, occurring 1 in 
1000 births.2 It may be difficult to diagnose prenatally 
because AFV is normal and the bladder appears normal. 
A common pitfall is failure to image the renal fossa in 
the far field because of acoustic shadowing from the 
spine, especially in the transverse plane. Meticulous 
attention to technique is necessary (rotating the trans-
ducer, changing the maternal position, or repeated 
observations). If a kidney is not found in the renal fossa, 
most are either congenitally absent or ectopic.39,40 The 
contralateral kidney may be enlarged because of compen-
satory hypertrophy.41 There is a high incidence of con-
tralateral renal abnormalities, the most common being 

BILATERAL RENAL AGENESIS

SONOGRAPHIC FINDINGS
Severe oligohydramnios
Absent kidneys
“Lying down” adrenal sign
Absent renal arteries on color Doppler imaging
Nonvisualization of bladder (over 1 hour)

TECHNICAL LIMITATIONS
Poor image quality caused by oligohydramnios
Fetal position (breech presentation)

PITFALLS IN INTERPRETATION
Amniotic fluid volume may be normal before 16 

weeks’ gestation.
Bowel or adrenal glands can be mistaken for 

kidneys.
Urachal diverticulum may mimic the bladder.
Empty bladder may be caused by impaired renal 

function from other causes.
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FIGURE 39-8. Horseshoe kidney. Coronal image shows 
the bridge of renal parenchyma (arrows) connecting the lower 
poles of the kidneys (RK, LK), anterior to the aorta (Ao).

FIGURE 39-9. Unilateral multicystic dysplastic kidney. A, Image of the fetus at 20 weeks’ gestation demonstrates multiple 
small cysts in a slightly enlarged kidney (calipers); B, bladder. B, Follow-up image at 28 weeks’ gestation demonstrates a greatly enlarged 
kidney (calipers). Cysts have increased in size, do not communicate, and are randomly distributed.

A B

Renal Cystic Disease

Renal cystic disease consists of a heterogeneous group  
of hereditary, developmental, and acquired disorders. 
Because of their diverse etiology, histology, and clinical 
presentation, a widely accepted classification does not 
exist. The Potter classification is based on histology and 
does not take into account recent advances in molecular 
biology and genetics.47 A more recent approach is to 
group the abnormalities based on underlying cell biology, 
such as aberrant early development (with failure of 
induction between ureteric bud and metanephric mes-
enchyme) or defects in terminal maturation.48 The 
aberrant early development group includes dysplastic 
kidneys. Typical histopathologic changes characterize 
renal dysplasia, including architectural distortion,  

metaplasia, and primitive glomeruli and tubules. Cystic 
changes are not universal but can be found in most  
forms of renal dysplasia.49 Defects in terminal matura-
tion are observed in polycystic kidney disease. Initial 
nephron and collecting duct formation is unremarkable 
in these kidneys, but cystic dilation of these structures 
occurs later, causing secondary loss of adjacent normal 
structures. We find the following classification simple 
and practical:
1. Dysplastic cysts, including the isolated multicystic 

dysplastic kidney and dysplastic kidney resulting 
from early severe obstruction.

2. Hereditary cysts, including polycystic kidney 
disease and the inherited syndromes.

3. Nondysplastic nonhereditary cysts, such as simple 
cysts.

Multicystic Dysplastic Kidney

A multicystic dysplastic kidney (MCDK) is the most 
common form of renal cystic disease in childhood and 
represents one of the most common abdominal masses 
in the neonate. The majority of cases are associated with 
an atretic ureter and pelvoinfundibular atresia. The 
kidney is replaced by multiple cysts of varying sizes. 
Between the cysts is a dense stroma, but usually no 
normal renal parenchyma. MCDK is almost always  
nonfunctional, so the prognosis depends entirely on the 
contralateral kidney. Multicystic renal dysplasia usually 
affects the whole kidney. However, it can be segmental 
and can occur in the portion of the duplex kidney  
supplied by the atretic ureter.

The sonographic findings correlate with the gross 
pathologic appearance. The malformed kidney is usually 
enlarged but may be normal or small. There are multiple 
cysts of varying sizes that do not communicate with each 
other and are randomly distributed (Fig. 39-9). Large 
peripheral cysts distort the reniform contour. The renal 
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FIGURE 39-10. Bilateral multicystic dysplastic 
kidneys. Transvaginal image in a 16-week fetus demonstrates 
numerous small bilateral cysts (arrows) and no normal renal paren-
chyma. Note anhydramnios due to nonfunctioning kidneys.

FIGURE 39-11. Obstructive cystic dysplasia. Coronal 
scan of fetus at 23 weeks with ureteropelvic junction obstruction 
shows increased echogenicity of the kidney (calipers) with small 
cortical cysts (arrows), indicative of irreversible renal damage.

pelvis and ureter are usually atretic and not visible. On 
color Doppler evaluation, the renal artery is either absent 
or very small. Occasionally, a MCDK with a large central 
cyst and small peripheral cysts can mimic hydronephro-
sis from ureteropelvic junction (UPJ) obstruction (see 
later discussion). In hydronephrosis, however, the dilated 
calyces are of uniform size and anatomically aligned and 
communicate with the dilated renal pelvis. The kidney 
usually maintains the reniform contour, with renal 
parenchyma present peripherally.

The appearance and size of the MCDK may change 
markedly over time (Fig. 39-9). On serial examinations, 
the kidney and its cysts may increase or decrease in size 
or may initially enlarge and later involute.50 This variable 
appearance may result from residual renal function and 
progressive fibrosis.

Assessment of the contralateral kidney is very impor-
tant. In utero, multicystic renal dysplasia is bilateral in 
19% to 24% of cases51,52 (Fig. 39-10). In unilateral mul-
ticystic renal dysplasia, 13% to 26% is associated with 
contralateral renal abnormalities, including renal agen-
esis and UPJ obstruction.51,53 In fetuses with MCDK, 
severe oligohydramnios, and nonvisualization of the 
urinary bladder imply lethal renal disease, either bilateral 
MCDK or contralateral renal agenesis. Normal AFV  
is reassuring. If there is contralateral hydronephrosis,  
follow-up ultrasound is necessary to monitor any pro-
gressive dilation or oligohydramnios that may affect 
obstetric management. Unilateral MCDK, without asso-
ciated renal or nonrenal abnormalities, is associated with 
a favorable outcome.54 Because the incidence of VUR in 
the contralateral kidney can be up to 23%, prophylactic 
antibiotic therapy should be initiated soon after birth.  
A complete urologic workup is necessary, including a 
voiding cystourethrogram in the first month of life.52

The natural history of MCDK is toward spontaneous 
involution. This has been well documented both before 
and after birth.50,52 The longer the duration of follow-up, 
the higher is the likelihood that the dysplastic kidney  
will disappear completely. The risk of developing hyper-
tension and malignancy in MCDK is low.55 However, 
there is still controversy regarding routine prophylactic 
nephrectomy.53,56 Increasing evidence shows that the 
complication rates are similar between children who did 
and did not undergo neonatal nephrectomy.56,57 Conser-
vative management (long-term follow-up with serial 
ultrasound) is favored in most centers.48,55,56 Most cases 
of MCDK are sporadic, with a low recurrence risk.

Obstructive Cystic Renal Dysplasia

Experimental work in lambs has shown that urinary 
obstruction in the first half of gestation produces renal 
dysplasia.58,59 Unilateral disease can be caused by uretero-
pelvic or vesicoureteral junction obstruction. Bilateral 
disease is caused by severe bladder outlet obstruction, 
usually urethral atresia or posterior urethral valves. The 
severity of renal dysplasia is related to the timing and 
severity of obstruction to urine flow. The size of the 
kidneys varies from small, normal, to greatly enlarged. 
In some cases the enlargement is caused partly by the 
presence of cysts and partly by hydronephrosis. Cysts are 
usually present in the subcapsular area of the cortex. In 
a fetus with obstructive uropathy, the sonographic iden-
tification of cortical cysts is indicative of renal dysplasia 
(i.e., irreversible renal damage)60 (Fig. 39-11). Dysplastic 
kidneys may also demonstrate increased echogenicity 
relative to the surrounding fetal structures, presumably 
from abundant fibrous tissue (Fig. 39-12). However, 
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FIGURE 39-12. Echogenic dysplastic kidney. Longi-
tudinal scan of fetus at 32 weeks with urethral obstruction. The 
kidney (calipers) demonstrates increased echogenicity, with no 
visible cysts. There is loss of corticomedullary differentiation. 
With severe chronic obstruction, the kidney becomes dysplastic 
and ceases to function. Note lack of pelvicaliectasis. S, Stomach.

increased cortical echogenicity is not a specific 
finding,60,61 and a diagnosis of renal dysplasia cannot be 
made on the basis of increased parenchymal echogenicity 
alone. Furthermore, it is important to recognize that not 
all dysplastic kidneys have sonographically visible cysts 
or increased cortical echogenicity, so one cannot accu-
rately predict the absence of renal dysplasia. Renal func-
tion relates directly to the degree of dysplasia, which 
determines the prognosis of patients surviving the peri-
natal period.

In general, if the obstruction is early and complete, 
the renal parenchymal findings will be predominantly 
macroscopic cysts and will simulate multicystic renal 
dysplasia. Sonographic distinction between MCDK and 
obstructive cystic renal dysplasia may be difficult, espe-
cially in the absence of hydronephrosis. In obstructive 
cystic renal dysplasia, recognizable parenchyma sur-
rounds the relatively small cysts, whereas in MCDK, no 
normal renal parenchyma can be identified between 
cysts. Obstructive cystic renal dysplasia most often occurs 
with urethral obstruction. Therefore, sonographic evi-
dence of urethral obstruction is helpful in suggesting the 
diagnosis. In addition, renal dysplasia from lower urinary 
tract obstruction frequently involves both kidneys, but 
bilateral MCDK occurs in only 19% to 24% of cases.51,52

Autosomal Recessive (Infantile) 
Polycystic Kidney Disease

Autosomal recessive polycystic kidney disease (ARPKD) 
involves both the kidneys and the liver. There is a wide 
clinical spectrum, which varies from the perinatal form, 
with severe renal disease, minimal hepatic fibrosis, and 
early death from pulmonary hypoplasia, to the juvenile 

form, with minimal renal disease, marked hepatic fibro-
sis, and longer survival. Diffuse dilation of the renal 
collecting tubules produces numerous 1-mm to 2-mm 
cysts, predominantly in the medulla. Both kidneys are 
enlarged, but a smooth contour is maintained. The cut 
surface has a spongelike appearance, with small cysts that 
tend to be arranged perpendicular to the renal capsule 
(Fig. 39-13).

Sonography reveals bilateral reniform enlargement 
of the kidneys (Fig. 39-13). There is poor delineation of 
the intrarenal structures. The numerous tiny cysts are 
usually smaller than the limit of sonographic resolution, 
but they create multiple acoustic interfaces, accounting 
for the characteristic increased renal echogenicity and 
loss of corticomedullary differentiation.60,62 Sometimes, 
a peripheral hypoechoic rim may be seen, surrounding 
the centrally increased echogenicity. When renal func-
tion is abnormal, there is oligohydramnios, and the 
bladder is small or absent.

Autosomal recessive PKD may be diagnosed by ultra-
sound in the early second trimester based on the charac-
teristic renal abnormalities, especially if the fetus is at 
risk.63 However, because of the variability in expression 
and gestational age at onset, the kidneys may appear 
normal initially, only becoming abnormal later.63,64 
Thus, a normal sonogram in a fetus at risk for ARPKD 
does not exclude this disease, and prenatal diagnosis 
using sonography can be unreliable, especially in early 
pregnancy. Usually, but not always, ultrasound shows 
evidence of recurrent ARPKD by 24 to 26 weeks’ gesta-
tion.63,65 Couples who have a child with ARPKD have a 
25% risk of having another affected child with each 
subsequent pregnancy. ARPKD is caused by mutation 
in the PKHD1 gene, which has been mapped to chro-
mosome 6p, allowing first-trimester genetic diagnosis in 
at-risk families.66

Autosomal Dominant (Adult) 
Polycystic Kidney Disease

Autosomal dominant polycystic kidney disease (ADPKD) 
is the most common of the hereditary renal cystic dis-
eases. It is characterized by cyst formation in the kidneys 
and liver. Cysts may also be present in the pancreas, 
spleen, and CNS. In the early stage of the disease, only 
a small percentage of nephrons show cystic dilation. In 
the established adult disease, the kidneys are enlarged 
and contain multiple cysts of varying sizes.

Autosomal dominant PKD typically is not recognized 
in the fetal period because the kidneys typically appear 
normal. In rare cases, ADPKD can present during  
the fetal or neonatal period with symmetrically enlarged 
hyperechogenic kidneys, within which small cysts  
may be identified67 (Fig. 39-14). The bladder is usually 
present, and AFV is often normal. In contrast to  
ARPKD, where corticomedullary differentiation is 
absent,62 increased corticomedullary differentiation has 
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The prognosis for the fetus with ADPKD diagnosed 
by ultrasound is uncertain because of limited data on 
prenatal ultrasound findings and postnatal renal evolu-
tion.70 The most useful indicator is the outcome of a 
previously affected sibling, because there is a high degree 
of correlation.69 In the absence of a previously affected 
pregnancy, counseling may be based on the following 
data. Of 83 reported cases of ADPKD presenting in 
utero (excluding termination of pregnancy) or in the first 
few months of life, 43% died before 1 year.69 Longitu-
dinal follow-up studies of 24 survivors for a mean of 5 
years showed that 67% developed hypertension, three of 
whom had end-stage renal failure at a mean age of 3 
years.71,72 More recently, a series of 26 consecutive cases 
demonstrated good prognosis in childhood, with 73% 
remaining asymptomatic, 19% with hypertension, and 

been reported in ADPKD (20 of 27 cases).68 Only a few 
cases showed absent or decreased corticomedullary dif-
ferentiation, and one case had normal corticomedullary 
differentiation. Since the kidneys may appear normal in 
the second trimester, follow-up scans are necessary in 
fetuses at risk for ADPKD.

A family history of ADPKD is critical in making the 
diagnosis of ADPKD in the fetus, because the recurrence 
risk is 50%. In one review, however, only 38% of the 
affected parents were aware of their disease before the 
diagnosis in the affected child.67 Therefore, ultrasound of 
the parents’ kidneys is necessary (Fig. 39-14, D). When 
there is a positive family history, prenatal diagnosis is 
possible.69 ADPKD is caused by mutation in three genes, 
PKD1, PKD2, and PKD3. In 90% of cases, the condition 
is linked to the PKD1 gene on chromosome 16p.

FIGURE 39-13. Autosomal recessive polycystic kidney disease. A, Coronal scan of a 27-week fetus shows enlarged kidneys 
with increased echogenicity (arrows). Note anhydramnios. B, Photograph of cut surface of kidney shows a spongelike appearance. The 
small cysts are very difficult to see. C, Photograph of whole-mount section shows small cysts that tend to be arranged perpendicular to 
the renal capsule (hematoxylin and eosin stain). (B and C courtesy Sarah Keating, MD, Department of Pathology and Laboratory Medicine, 
Mount Sinai Hospital, Toronto.)
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large and echogenic. Small, discrete cysts may be visible. 
The diagnosis of Meckel-Gruber syndrome is particu-
larly important for counseling future pregnancies in 
families not previously known to be at risk.

Recent genetic studies reveal that individuals with 
renal cystic disease, other than ARPKD and ADPKD, 
have a high prevalence of TCF2 gene anomalies, which 
code for the hepatocyte nuclear factor-1 beta (HNF-1β) 
transcription factor.77,78 Individuals with these TCF2 
anomalies may also demonstrate abnormalities of the 
liver, pancreas, intestine and genital organs.

Hyperechogenic (Bright) Kidneys

Hyperechogenic or “bright” kidneys seen on prenatal 
ultrasound represent a diagnostic dilemma, particularly 
in the presence of normal AFV (Fig. 39-16). Fetal 
kidneys are considered hyperechogenic when they  
appear more echogenic than expected, compared with 
the adjacent liver or spleen. There is a wide differential 
diagnosis,48,74 and the proposed algorithm is useful for 
evaluation of hyperechogenic kidneys79 (Fig. 39-17). A 
detailed examination of the fetus is necessary to search 

of which only two developed chronic renal insufficiency 
during the 5-year follow-up.73

Syndromes Associated with Renal 
Cystic Disease

A number of rare inherited syndromes and genetic and 
chromosomal disorders are associated with renal cystic 
disease.74 Approximately 30% of fetuses with trisomy 13 
and 10% of fetuses with trisomy 18 have cystic kidneys.

Meckel-Gruber syndrome is a lethal autosomal 
recessive disorder that carries a 25% risk of recurrence. 
It can be detected by sonography at 11 to 14 weeks’ 
gestation, particularly in families with prior affected 
pregnancies.75 Sonographic diagnosis requires identifica-
tion of at least two features of the classic triad: cystic 
dysplastic kidneys (present in almost 100% of cases), 
occipital encephalocele (60%-85%), and postaxial 
polydactyly (55%)76 (Fig. 39-15). During second-tri-
mester sonography, it can be difficult to detect the 
encephalocele and polydactyly because of the presence of 
oligohydramnios. Microcephaly can be a useful clue to 
the presence of an encephalocele. The kidneys are usually 

FIGURE 39-14. Autosomal dominant polycystic kidney disease. A and B, Coronal and transverse scans of 19-week fetus 
show slightly enlarged, echogenic kidneys (cursors). Note normal amniotic fluid volume and bladder (arrow). C, Coronal scan at 35 weeks 
shows greatly enlarged kidneys (cursors). They measure 9 cm in length, and multiple small cortical cysts (curved arrow) can be seen. 
D, Maternal autosomal dominant polycystic kidney disease. Classic ultrasound appearance of large kidney (cursors) with multiple cysts.
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indicated to exclude aneuploidy (especially trisomy 13). 
If the kidneys and the biometric measurements are above  
the 95th centile, an overgrowth syndrome (Beckwith-
Wiedemann syndrome, Perlman syndrome) should be 
considered. In both conditions, there is generalized 
organomegaly. AFV may be normal or increased. In 
Beckwith-Wiedemann syndrome there may be macro-
glossia and omphalocele. In Perlman syndrome there 
may be micrognathia and depressed nasal bridge.

In recent prospective and retrospective series of  
prenatally diagnosed, isolated, bilaterally enlarged hyper-
echogenic kidneys, the most common underlying diag-
nosis was ARPKD, followed by ADPKD.80,81 Kidney size 
and AFI were the best predictors of perinatal outcome.80 
A detailed family history and an ultrasound examination 
of the parents’ kidneys are important. In ADPKD, one 
parent has the disease, and sonography usually estab-
lishes the diagnosis. Normal AFV favors ADPKD. In 
ARPKD there is usually oligohydramnios, and there may 
be a previously affected sibling.

Other, less common causes of enlarged hyperecho-
genic kidneys include Finnish nephrosis (an autosomal 
recessive disorder that may be associated with elevated 
maternal serum alpha-fetoprotein levels), renal vein 
thrombosis (usually unilateral), cytomegalovirus 
(CMV) infection, nephrocalcinosis, and bilateral renal 
tumors. In many cases a definitive diagnosis will require 
postnatal investigations, including histology. Bilateral 

FIGURE 39-15. Meckel-Gruber syndrome. A to C, Ultrasound images of a 12-week fetus show classic features of Meckel-
Gruber syndrome: an occipital encephalocele (thick arrow), large echogenic kidneys (cursors), and postaxial polydactyly (thin arrow). 
D to F, Postmortem photographs of the fetus (at 18 weeks’ gestation) demonstrate occipital encephalocele, large kidneys, and postaxial 
polydactyly.
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SELECT SYNDROMES ASSOCIATED 
WITH RENAL CYSTIC DISEASE

Autosomal Dominant
Tuberous sclerosis
Von Hippel–Lindau disease (hemangioblastomas)

Autosomal Recessive
Bardet-Biedl syndrome (blindness, obesity, 

polydactyly)
Jeune syndrome (asphyxiating thoracic dystrophy)
Meckel-Gruber syndrome (encephalocele and 

polydactyly)
Short-rib polydactyly syndromes
Zellweger (cerebrohepatorenal) syndrome

X-Linked
Orofaciodigital syndrome type 1

Chromosomal
Trisomy 13
Trisomy 18

for associated abnormalities. If there is sonographic evi-
dence of urinary tract obstruction, renal dysplasia is a 
possibility, especially when the kidneys are small or 
normal in size and there are peripheral cortical cysts.61 
When other malformations are detected, karyotyping is 
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FIGURE 39-16. Hyperechogenic kidneys. A and B, Transverse and longitudinal scans of a 24-week fetus shows increased cortical 
echogenicity of both kidneys (calipers), more than expected when compared with liver (L) and increased corticomedullary differentiation. 
The kidneys are normal in size, and AFV is normal. Ultrasound at 32 weeks (not shown) showed similar findings. Postnatal ultrasound 
(not shown) on day 8 confirmed normal-sized kidneys with increased cortical echogenicity, and there were several tiny cortical cysts. 
Subsequent ultrasound scans showed increasing number of cysts. The child, now 3 years old, has normal renal function and blood pres-
sure. Parents have normal kidneys. Genetic testing for ARPKD and TCF2 was negative. Thus far, there is no definitive diagnosis for the 
polycystic kidney disease.
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FIGURE 39-17. Algorithm for evaluation of hyperechogenic kidneys. (Modified from Twining P: Genitourinary mal-
formations. In Nyberg DA, McGahan JP, Pretorius DH, Pilu G, editors: Diagnostic imaging of fetal anomalies. Philadelphia, 2003, Lippincott–
Williams & Wilkins.)7
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Enlarged kidneys
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polycystic kidney disease
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Normal variant
or obstructive

dysplasia

Enlarged kidneys with
associated anomalies

Obstructive
dysplasia

Normal sizeSmall kidney

hyperechogenic kidneys that are normal in size with 
preservation of medullary pyramids, and that are associ-
ated with normal AFV, have a favorable outcome and 
may represent a normal variant.61,82

Simple Renal Cysts

Simple renal cysts have been reported in the fetus as early 
as 14 to 16 weeks’ gestation.83 Ultrasound usually shows 
a small, solitary, unilocular cyst near the periphery of the 
kidney. It should be differentiated from a cyst arising 
from structures close to the kidney, such as a duplication 
or mesenteric cyst. Most simple cysts resolve by 20 to 24 
weeks’ gestation. However, one study documented a 
simple renal cyst seen at 14 weeks that developed into a 
MCDK at 18 weeks.83 Therefore, if simple cysts are seen 
in either the first or the second trimester, follow-up scans 
are indicated.

Renal Neoplasm

Congenital mesoblastic nephroma is the most 
common renal neoplasm in the fetus and newborn.84 
It is a benign hamartoma composed of mesenchymal 
tissue (spindle cells), as opposed to the epithelial tissue 
of Wilms’ tumor. Wilms’ tumor is a malignant lesion 
that is extremely rare in the fetus. Sonographically, 
mesoblastic nephroma is indistinguishable from Wilms’ 
tumor. Mesoblastic nephroma is usually seen as a  
moderately echogenic, solid mass completely replacing 
the kidney or localized to part of the kidney85 
(Fig. 39-18). The mass may demonstrate increased vas-
cularity and cystic components. Polyhydramnios is a 
frequent association84 and may lead to preterm labor 
and preterm birth. Perinatal complications are likely, 
including acute fetal distress, neonatal hypertension, and 
hypercalcemia.84
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neuroblastoma, adrenal hemorrhage or adrenal cyst, 
intra-abdominal pulmonary sequestration, enteric dupli-
cation cysts, and renal masses, including mesoblastic 
nephroma, upper-pole cystic dysplasia, or hydronephro-
sis in a duplex kidney.86

Neuroblastoma is the most common abdominal 
malignancy in neonates, and the adrenal gland is the 
most common primary site. On prenatal sonography, 
the retroperitoneal mass can be cystic, solid, or of mixed 
echogenicity87,88 (Fig. 39-20). Most reported cases of 
neuroblastoma have been identified in the third trimes-
ter. Metastases (liver, placenta) and hydrops have been 
reported.89 Fetal MRI is useful for detailed anatomic 
characterization of the tumor and extent of disease.90 
There may be maternal symptoms of hypertension, 
tachycardia, or preeclampsia, which result from elevated 
catecholamines and correlate with a more advanced stage 
of disease.91 Prenatally detected neuroblastomas gener-
ally have a favorable outcome, and surgical resection is 
usually curative.92 A short period of close observation is 
recommended for small tumors (<3 cm) and particularly 
for cystic forms; this strategy may avoid surgery in some 
neonates whose tumors regress spontaneously.88

Adrenal hemorrhage, which is much more common 
in the neonate, can have a sonographic appearance 
similar to that of an adrenal or renal neoplasm. Color 
Doppler ultrasound may be helpful in differentiation.93 
The key to the diagnosis of adrenal hemorrhage is  
evolution of the lesion over time; serial sonograms  
demonstrate a change in echogenicity (from solid to 
cystic) and a decrease in size of the mass.94,95 Because 
neuroblastomas may also regress, however, it is impor-
tant to obtain postnatal follow-up in fetuses with pre-
sumed adrenal hemorrhage.

Adrenal Mass

At the end of the first trimester, the normal adrenal 
glands appear as pyramid-shaped hypoechoic structures 
at the superior aspect of the hyperechoic kidneys. They 
are quite prominent, approximately half the size of the 
kidney. The size of the adrenal gland increases with 
gestation, but relatively less than the kidney. During the 
second and third trimesters, corticomedullary differen-
tiation is apparent, with a hyperechoic medulla and a 
hypoechoic cortex. On longitudinal sonogram, the adre-
nals are seen as V- or Y-shaped structures superior to the 
kidneys (Fig. 39-19).

Abnormalities of the adrenal gland include hemor-
rhage, cyst, hypertrophy, and tumor. The differential 
diagnosis for fetal suprarenal masses includes adrenal 

FIGURE 39-18. Congenital mesoblastic nephroma. 
Longitudinal scan of a 35-week fetus shows a large, heterogeneous 
solid mass (calipers) replacing most of the right kidney, except for 
the upper pole (arrow).

FIGURE 39-19. Normal adrenal gland. Longitudinal 
scan of a 31-week fetus demonstrates the Y- or V-shaped adrenal 
gland (arrow) at the superior border of the kidney (K).

FIGURE 39-20. Adrenal neuroblastoma. Longitudinal 
scan shows a large solid mass (cursors) adjacent to the upper pole 
of the left kidney (K). (Courtesy John R Mernagh, MD, McMaster 
University Medical Center, Hamilton, Ontario.)
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Upper Urinary Tract Dilation

Dilation of the upper urinary tract accounts for approxi-
mately 50% of all prenatally detected renal abnormali-
ties.96 It may be unilateral or bilateral and is more 
common in males than females.97 Several prospective 
studies in unselected populations have reported a preva-
lence of 0.7% to 3.9% in the second trimester.98-100 
Hydronephrosis refers to abnormal dilation of the renal 
pelvis and calyces. The term pyelectasis implies a milder 
form of hydronephrosis, with dilation of the renal pelvis 
only. Dilation of the urinary tract can be obstructive or 
nonobstructive.

Hydronephrosis

Measurement of the anteroposterior (intra-) renal pelvic 
diameter (RPD) on a transverse scan of the fetal abdomen 
is the simplest and most common technique used to 
evaluate and classify renal pelvic dilation (Fig. 39-21). 
The Society for Fetal Urology (SFU) proposed a dif-
ferent classification system based on the degree of renal 
pelvic dilation (mild, moderate, marked), calyceal dila-
tion, and parenchymal atrophy; with five grades (0-4) of 
increasing severity101,102 (Fig. 39-22).

The size of the renal pelvis increases throughout gesta-
tion and there are published nomograms for RPD.5,103 
However, controversy surrounds the definition and clin-
ical importance of mild renal pelvic dilation, and differ-
ent threshold values of RPD have been used for the 
antenatal diagnosis of hydronephrosis. In general, the 
cutoff values for RPD vary between 4 mm and 5 mm in 
the second trimester and between 7 and 10 mm in the 
third trimester.97,98,100,104-108 In our study of 328 fetuses, 
the 95th centile value for RPD was 4.4 mm at 20 weeks, 
5.1 mm at 23 weeks, and 6.6 mm at 33 weeks—similar 

FIGURE 39-21. Measurement of renal pelvis. Trans-
verse scan of the abdomen in a 21-week fetus shows prominent 
renal pelves (cursors). The anteroposterior diameter measures 
6 mm on the left side (L) and 4 mm on the right side (R).

FIGURE 39-22. Society for Fetal Urology grading 
system. This classification is based on the appearance of the 
renal pelvis, calyces (calices), and renal parenchyma. Grade 0: no 
hydronephrosis; intact central renal complex. Grade 1: only 
dilated renal pelvis; there is some fluid in the renal pelvis. Grade 
2: dilated renal pelvis and a few calices are visible. Grade 3: all 
the calices are dilated. Grade 4: further dilation of renal pelvis 
and calices, with thin renal parenchyma. (Modified from Baskin 
LS: Prenatal hydronephrosis. In Baskin LS, Kogan B, Duckett J, 
editors: Handbook of pediatric urology. Philadelphia, 1997, 
Lippincott-Raven.)

ULTRASOUND GRADING SYSTEM OF HYDRONEPHROSIS

Grade 0

Grade 1

Grade 2

Grade 3

Grade 4

values to the published nomograms.5,103 We consider the 
following measurements as abnormal:
• RPD of 5 mm or greater at 18 to 23 weeks
• RPD of 7 mm or greater in the third trimester

Although decreasing the cutoff value to 4 mm in 
midgestation can increase the sensitivity for the detection 
of renal pathology, it can lead to a high false-positive rate, 
perhaps generating unnecessary parental anxiety.109 On 
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A prospective study by Sairam et al.100 reported on 
the natural history of hydronephrosis diagnosed in 227 
fetuses on midtrimester ultrasound in an unselected  
population. They demonstrated that 96% of the fetuses 
with mild hydronephrosis (RPD >4 mm and <7 mm at 
18-23 weeks) experienced resolution in either the third 
trimester or the early neonatal period; none required 
postnatal surgery. However, approximately one in three 
fetuses with moderate/severe hydronephrosis (RPD 
>7 mm or presence of caliectasis at 18-23 weeks) required 
postnatal surgery. The overall third-trimester resolution 
rate was 67% and postnatal resolution rate was 21%.100 
Different definition of third-trimester hydronephrosis 
(RPD >7 mm instead of >10 mm) and preselected study 
populations weighted by more severe cases of hydrone-
phrosis likely account for the lower third-trimester reso-
lution rates (~30%) in other studies.109,117 A meta-analysis 
by Sidhu et al.118 combined data from seven studies 
and reported on the findings of serial postnatal renal 
ultrasonography in children with isolated antenatal 
hydronephrosis.118 There was resolution, improvement, 
or stabilization of hydronephrosis in 98% of patients 
with SFU grades 1 and 2 and stabilization of hydrone-
phrosis in 51% of those with SFU grades 3 and 4. These 
results suggest that mild hydronephrosis is a relatively 
benign condition.

It is important to identify those cases of prenatal pyel-
ectasis most at risk of postnatal renal pathology, using the 
RPD and the SFU grading system. When a maximum 
prenatal RPD of 15 mm is used as a threshold, it predicts 
postnatal obstruction and the need for surgery in 80% of 
fetuses.119 In utero progression also increases the likeli-
hood of postnatal uropathy and urologic surgery.108,120,121 
There is a greater likelihood for bilateral renal pelvic  

the other hand, it should be recognized that a normal-
appearing renal pelvis at midtrimester ultrasound does 
not exclude obstruction.110 Factors such as maternal 
hydration status, maternal pyelectasis, and size of the fetal 
bladder may affect the RPD measurement.111-114 Further-
more, RPD can vary greatly over 2 hours of ultrasound 
observation.115 These findings suggest caution when con-
sidering the implications of renal collecting system dila-
tion based on a single RPD measurement. Calyceal 
dilation is an important finding and is always pathologic, 
independent of the pelvic size.100,109

The detection of fetal pyelectasis is important for two 
reasons: aneuploidy and postnatal uropathy. The sig-
nificance of pyelectasis as a marker for aneuploidy is 
discussed in Chapter 31. Pyelectasis is usually an isolated 
finding, but a detailed ultrasound examination should be 
performed to detect other urinary tract pathologic pro-
cesses and nonrenal anomalies. Renal pelvic dilation  
may be transient or physiologic, but it may be the first 
manifestation of a urinary tract abnormality, including 
ureteropelvic or vesicoureteral junction obstruction, 
VUR, duplex kidney, and urethral obstruction. In a 
meta-analysis of 17 studies (104,572 patients screened), 
Lee et al.116 examined antenatal hydronephrosis (1308 
subjects) as a predictor of postnatal outcome.116 Hydro-
nephrosis was classified into mild, moderate, or severe 
(based on RPD of <7 mm, 7-10 mm, and >10 mm, 
respectively, if ultrasound was performed in the second 
trimester; <9 mm, 9-15 mm, and >15 mm if in the 
third trimester). The risk of any postnatal pathology was 
12% for mild, 45% for moderate, and 88% for severe 
hydronephrosis (Table 39-3). There was a significant 
increase in the risk of postnatal pathology with increas-
ing degree of hydronephrosis.

TABLE 39-3. RISK OF POSTNATAL PATHOLOGY BY DEGREE OF  
ANTENATAL HYDRONEPHROSIS

Degree of Antenatal Hydronephrosis, % (95% CI)

PATHOLOGY MILD MODERATE SEVERE TREND (P)

Any pathology 11.9 (4.5-28.0) 45.1 (25.3-66.6) 88.3 (53.7-98.0) <.001
UPJ 4.9 (2.0-11.9) 17.0 (7.6-33.9) 54.3 (21.7-83.6) <.001
VUR 4.4 (1.5-12.1) 14.0 (7.1-25.9) 8.5 (4.7-15.0) .10
PUV 0.2 (0.0-1.4) 0.9 (0.2-2.9) 5.3 (1.2-21.0) <.001
Ureteral obstruction 1.2 (0.2-8.0) 9.8 (6.3-14.9) 5.3 (1.4-18.2) .025
Other* 1.2 (0.3-4.0) 3.4 (0.5-19.4) 14.9 (3.6-44.9) .002

Hydronephrosis was classified based on anteroposterior diameter of renal pelvis:
Second trimester: mild <7 mm, moderate 7-10 mm, severe >10 mm.
Third trimester: mild <9 mm, moderate 9-15 mm, severe >15 mm.

CI, Confidence interval. UPJ, ureteropelvic junction obstruction; VUR, vesicoureteral reflux; PUV, posterior urethral valve.
* Includes prune belly syndrome, VATER syndrome, and unclassified.

Modified from Lee RS, Cendron M, Kinnanmon DD, et al. Antenatal hydronephrosis as a predictor of postnatal outcome: a meta-analysis. Pediatrics 2006;118:586-593.
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estimation of differential renal function. The static renal 
scan using dimercaptosuccinic acid (DMSA, succimer) is 
indicated for detection of focal parenchymal abnormali-
ties. In renal failure and bilateral dilation, it helps to 
distinguish between two equally affected kidneys or 
markedly asymmetrical renal function.

In summary, we propose the following management 
protocol for hydronephrosis detected in the second tri-
mester with regard to repeat antenatal ultrasound, post-
natal ultrasound, and antibiotics prophylaxis after 
delivery. In fetuses with mild renal dilatation (RPD 
<7 mm), parents are counseled that it is a common 
finding and may be physiologic or transient, and that the 
risk of postnatal uropathy is small. The important 
message is that prediction of outcome after a single scan 
is difficult, and postnatal renal ultrasound is necessary. 
Antibiotic prophylaxis is initiated after delivery to 
prevent UTIs. In addition to postnatal renal ultrasound 
and antibiotic prophylaxis, a repeat ultrasound in the 
third trimester is recommended in fetuses with greater 
degrees of renal pelvic dilation.

The effect of urinary obstruction on subsequent renal 
development depends on the time of onset and severity 
of the obstruction. The fetal urinary tract responds dif-
ferently to chronic obstruction than the adult urinary 
tract. In adults with chronic urethral obstruction, the 
pelvicalyceal system is usually greatly dilated; in the fetus 
there may be a relative lack of pelvicalyceal dilation and 
possible development of macroscopic renal cysts. Experi-
mental work in lambs has shown that ureteral obstruc-
tion originating in the last half of gestation causes simple 
hydronephrosis and parenchymal atrophy.58 However, 
if ureteral obstruction originates during the first half of 
gestation, renal dysplasia and sometimes cyst formation 
will occur130 (Fig. 39-23). Therefore, in fetuses with 

dilation to progress (26%) compared with unilateral renal 
pelvic dilation (3%).122 Some investigators have found an 
abnormal RPD in the third trimester to be the best ultra-
sound criterion to predict postnatal uropathy.108 Although 
serial follow-up scans every 3 to 4 weeks are not necessary, 
a repeat ultrasound in the third trimester may be useful.

The majority of infants identified prenatally as  
having renal dilation are asymptomatic at birth. Pediatric 
nephrologists and urologists vary greatly in their  
management of antenatally diagnosed hydronephrosis, 
because an evidence-based protocol is lacking.123 
There are no uniformly accepted guidelines regarding 
antibiotic prophylaxis, postnatal workup, and surgery. 
However, a postnatal renal ultrasound is the first exami-
nation of choice. In the neonate, the relative state of 
dehydration and physiologic oliguria in the first 24 to 48 
hours of life can result in underestimation of the degree 
of hydronephrosis and a false-negative renal ultrasound.124 
Therefore, ultrasound should not be performed before 
72 hours after delivery, unless severe bilateral hydrone-
phrosis or severe hydronephrosis in a solitary kidney may 
require early intervention. Because a normal ultrasound 
does not exclude VUR, some authors have recommended 
routine voiding cystourethrogram regardless of postnatal 
ultrasound findings.107,125,126 However, other authors 
would perform voiding cystourethrogram only when 
postnatal renal ultrasound is abnormal.127,128 It has been 
shown that screening with two successive renal ultra-
sound examinations performed at day 5 and 1 month has 
high sensitivity and negative predictive value for predic-
tion of significant uropathy.129 The indication for renal 
scintigraphy depends on the particular clinical situation. 
The preferred isotope scan in the infant is the mercapto-
acetyl triglycine (MAG3) renal scan. It provides a dynamic 
study of the urinary tract, assessment of drainage, and 
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FIGURE 39-23. Urinary tract obstruction produces a varied response from the kidneys. A, Normal 
kidney. B, Pelvicaliectasis, with or without parenchymal atrophy. C, Renal cystic dysplasia, with parenchymal cysts. D, The dysplastic 
kidney may cease to function (lack of pelvicaliectasis). E and F, Alternatively, the kidney may show increased echogenicity, with no visible 
cysts but with pelvicaliectasis (E) or without pelvicaliectasis (F). In these cases, dysplasia is probably, but not invariably, present.
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syndrome, and esophageal atresia. When the contra-
lateral kidney is normal, the prenatal detection of uni-
lateral UPJ obstruction should not alter obstetric 
management. In cases of unilateral UPJ obstruction 
diagnosed before 24 weeks, severe dilation (RPD 
>15 mm) is predictive of impaired postnatal renal func-
tion in the affected kidney.133 When there is bilateral 
UPJ obstruction, the prognosis depends on the severity 
and duration of obstruction and on the AFV. Serial 
ultrasound evaluations are necessary to assess the AFV, 
progression of hydronephrosis, and development of  
renal dysplasia. Early delivery is rarely indicated, except 
when there is progressive bilateral obstruction with 
severe oligohydramnios. Prophylactic antibiotic therapy 
is initiated soon after birth, and neonatal urologic 
workup is necessary.

Vesicoureteral Junction Obstruction 
(Primary Nonrefluxing Megaureter)

Vesicoureteral junction obstruction is caused by a struc-
tural anomaly of the distal segment of the ureter, with 
localized dysfunction or obstruction. It is more common 
in males and is bilateral in up to 25% of cases.134 Coexist-
ing anomalies of the urinary tract (VUR, UPJ obstruc-
tion, multicystic dysplasia) are frequently present. 
Megaureters are classified into three types according to 
their morphologic appearance. Type I megaureter dila-
tion involves only the distal ureter, with a normal-
appearing upper tract. Type II extends to both ureter 
and pelvis. Type III is associated with severe hydrone-
phrosis and ureteric tortuosity.

On sonography, the affected kidney may demonstrate 
dilation of the ureter and renal pelvis. A slightly dilated 

dilation of the renal pelvis, assessment of renal parenchy-
mal echogenicity, thickness, and cysts are important, 
because thinned parenchyma, echogenic parenchyma, 
and cysts suggest more severe and long-standing obstruc-
tion with likely loss of renal function on the affected side.

Ureteropelvic Junction Obstruction

Obstruction at the ureteropelvic junction is the most 
common cause of nonphysiologic neonatal hydrone-
phrosis, with an incidence of 1 in 2000 live births.131 
Most cases of UPJ obstruction are functional (caused by 
a muscular abnormality) rather than the result of fixed 
anatomic lesions such as fibrous adhesions, kinks, valves, 
or aberrant vessels. UPJ obstruction is more common in 
males and is often unilateral. In 10% to 30% of cases, it 
is bilateral.

On sonography, a dilated renal pelvis with or without 
caliectasis is identified. The ureter and the bladder are 
not dilated. Severe chronic obstruction leads to efface-
ment of the calyces and thinning of the renal cortex 
(SFU grade 4) (Fig. 39-24). Rarely, the renal pelvis may 
be extremely dilated, presenting as a large, unilocular 
cystic mass. Rupture of the collecting system results in 
the development of a perirenal urinoma (Fig. 39-25; 
Video 39-1). This “pop-off ” mechanism may protect the 
obstructed kidney from further prenatal damage and 
may diminish the degree of hydronephrosis. The affected 
kidney should be carefully assessed for renal dysplasia, 
however, because the probability of a nonfunctional dys-
plastic ipsilateral kidney is about 80%.132

The AFV is usually normal but may be increased 
paradoxically. When unilateral hydronephrosis is accom-
panied by oligohydramnios, a search for contralateral 
renal pathology is warranted (e.g., renal agenesis, multi-
cystic renal dysplasia). UPJ obstruction may be associ-
ated with VUR and extrarenal abnormalities, including 
anorectal anomalies, congenital heart disease, VATER 

FIGURE 39-24. Ureteropelvic junction obstruction. 
Longitudinal scan shows moderate caliectasis and extremely 
dilated renal pelvis (P), with thinning of the cortex (arrows).

FIGURE 39-25. Perirenal urinoma. Transverse scan of 
fetal abdomen at 22 weeks’ gestation shows a large perirenal 
urinoma (*) displacing and compressing the kidney, which dem-
onstrates dilated calyces and pelvis (P) caused by ureteropelvic 
junction obstruction.
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ectopically, usually into the vagina or urethra. Classi-
cally, the upper-pole moiety obstructs, whereas the 
lower-pole moiety refluxes. Sonographic findings useful 
for prenatal diagnosis include identification of two sepa-
rate noncommunicating renal pelves, hydronephrosis  
in the upper or lower pole, ipsilateral dilated ureter,  
and ureterocele.138-140 The most common sonographic 
appearance is hydronephrosis of the upper-pole moiety, 
often associated with a dilated ureter and a ureterocele 
within the bladder138,139 (Fig. 39-26). If the dilated ureter 
appears to insert at a level below the bladder base, an 
ectopic ureter should be considered. The lower-pole 
moiety may also appear hydronephrotic because of VUR. 
However, identification of two separate collecting 
systems, or the nondilated lower pole of a duplex kidney, 
may be difficult because of its small size and displace-
ment by the dilated upper renal pelvis and ureter.

A careful evaluation of the urinary bladder is necessary 
to detect the ureterocele, which is seen as a thin-walled, 
cystlike structure within the bladder (Fig. 39-26). The 
diagnosis is easy when the bladder is partially full but 
can be overlooked if the bladder is empty or only mini-
mally distended. A full bladder can compress the ure-
terocele, resulting in nonvisualization. If ureteroceles 
become sufficiently large, they may also obstruct the 
contralateral ureteric orifice or cause bladder outlet 
obstruction. Antibiotic prophylaxis is initiated at birth 

ureter may be difficult to recognize or may be mistaken 
for bowel, although bowel contents are usually more 
echogenic than urine. Identification of peristalsis in a 
fluid-filled tubular structure does not confirm bowel 
because it is often seen with hydroureter as well. To be 
certain, the serpiginous cystic segments must be traced 
to the renal pelvis and bladder. In addition, the ureter 
generally comes into close contact with the spine, but 
the small bowel does not. The ureteral dilation can be 
severe, so size alone does not preclude megaureter as a 
possible diagnosis. On prenatal sonography, nonobstruc-
tive causes such as VUR usually cannot be differentiated 
from primary megaureter or vesicoureteral junction 
obstruction.

Prophylactic antibiotic therapy is commenced soon 
after birth. Postnatal investigations are necessary to 
exclude VUR, duplication anomalies, and bladder outlet 
obstruction. Most cases of primary megaureter either 
resolve spontaneously or improve when managed con-
servatively.135,136 The presenting hydronephrosis grade 
(SFU classification) and megaureter type are significant 
predictors of the spontaneous resolution rate.135,137 In 
children with grade IV or V hydronephrosis or a retro-
vesical ureteral diameter of greater than 1 cm, the condi-
tion may persist or resolve slowly and may require 
surgery.

Duplication Anomalies

Unlike most urinary tract disorders, duplication of the 
renal collecting system is more common in females. Two 
ureteral buds arise from the mesonephric duct to grow 
into the metanephric blastema. The duplex kidney con-
tains two separate pelvicalyceal systems, with either com-
plete or partial duplication of the ureters. When complete 
duplication exists, the upper-pole ureter may end in 
the bladder (where it often forms an ureterocele) or 

FIGURE 39-26. Duplication anomalies. A, Longitudinal scan shows two separate collecting systems. The hydronephrotic, upper-
pole renal pelvis (U) is continuous with the dilated ureter (arrow). The lower-pole collecting system (L) is dilated because of reflux. 
B, Longitudinal scan of the pelvis shows the ureterocele (Ur) separated from the lumen of the bladder (B) by a thin, curvilinear wall of 
the ureterocele.

A B

DETECTION OF A URETEROCELE

• Thin-walled cystlike structure in bladder.
• Overlooked if bladder is empty.
• Full bladder can compress ureterocele.
• May cause bladder outlet obstruction.
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FIGURE 39-27. Megacystis in first trimester. Trans-
abdominal sagittal image of a 12-week fetus shows a distended 
thick-walled bladder (arrow), measuring 13 mm in length. There 
is no hydronephrosis.

when upper-pole hydronephrosis is detected antenatally 
in a duplex kidney.

Vesicoureteral Reflux

Vesicoureteral reflux (VUR) can be primary (incompe-
tent valve mechanism at the ureterovesical junction)  
or secondary (due to an obstruction in the urinary 
tract and high detrusor pressures). The main prenatal 
sonographic finding is hydronephrosis, which may  
be unilateral or bilateral. The ureter may be dilated. 
Intermittent dilation of the collecting system favors 
VUR. Fluctuation or variation in the RPD (changing  
by more than 3 mm) during the course of an obstetric 
sonogram was strongly associated with high-grade VUR 
(grades IV-V).141 VUR may be associated with other 
renal abnormalities, including UPJ obstruction, duplex 
kidney, MCDK, and unilateral renal agenesis.125

The reported prevalence of VUR in children with 
prenatally detected hydronephrosis varies widely because 
different RPD cutoff values are used for inclusion and 
different protocols for postnatal investigations (voiding 
cystourethrogram either in all cases or only after an 
abnormal postnatal renal ultrasound). A recent system-
atic review of 18 studies showed a mean prevalence of 
15% for postnatal primary VUR after prenatally detected 
hydronephrosis.142

A normal postnatal ultrasound does not exclude VUR. 
However, if two successive renal ultrasound examina-
tions (at day 5 and at 1 month) were normal (RPD 
<7 mm), voiding cystourethrography showed abnor-
malities in only 6.7% of patients.143 Neonatal reflux is 
more common in male infants. It is often of low grade, 
with a high rate of spontaneous resolution by 2 years of 
age.144 However, in those children with high-grade VUR, 
spontaneous resolution is rare. There is a significant cor-
relation between high-grade VUR and findings of either 
renal dysplasia on ultrasound or renal damage scars on 
DMSA renal scan.144,145 Most neonates with VUR are 
managed conservatively with antibiotic prophylaxis.

Lower Urinary Tract  
(Urethral) Obstruction

Fetal megacystis has been reported as early as 10 to 
14 weeks’ gestation when the longitudinal bladder  
diameter is 7 mm or more146 (Fig. 39-27). The incidence 
is 0.3% at 11 to 15 weeks.147 In the largest case series 
of 145 fetuses with early megacystis, chromosomal 
abnormalities were detected in 21%.148 In the chromo-
somally normal group, severe megacystis (bladder length 
>15 mm) was invariably associated with progressive 
obstructive uropathy.148 However, if the bladder length 
was 7 to 15 mm, there was spontaneous resolution of 
the megacystis by 20 weeks in 90% of cases. Therefore, 
follow-up ultrasound is necessary to interpret correctly 
the importance of megacystis detected in the first  

CAUSES OF FETAL MEGACYSTIS

Posterior urethral valves
Urethral atresia/stricture
Prune belly syndrome
Megalourethra
Cloacal malformation
Megacystis-microcolon–intestinal hypoperistalsis 

syndrome

trimester. The role of early vesicocentesis and shunt 
placement needs further investigation.149 In fetuses with 
severe megacystis, survival to the neonatal period was 
poor even with intervention, and the survivors are at risk 
of developing renal failure.147,150

Posterior urethral valves are the most common cause 
of lower urinary tract obstruction, followed by urethral 
atresia or stricture. Posterior urethral valves are seen 
exclusively in males and may cause total, intermittent, 
or partial obstruction, with variable prognosis. Most 
cases are sporadic, occurring in 1 in 5000 male births; 
and the recurrence risk is small.149 Back pressure causes 
a persistently dilated urinary bladder, with a dilated 
proximal urethra (keyhole sign) (Fig. 39-28, A). There 
may be thickening of the bladder wall (>2 mm) or a 
severely distended thin-walled bladder, bilateral tortuous 
hydroureters, and hydronephrosis (Fig. 39-28, B). If 
the obstruction is severe and of long-standing, progres-
sive renal parenchymal fibrosis and dysplasia develop, 
resulting in severe oligohydramnios, pulmonary hypo-
plasia, and compression deformities (Potter’s syndrome). 
There may be spontaneous bladder rupture with urinary 
ascites or a calyceal rupture with perirenal urinoma151 
(Fig. 39-29). If spontaneous decompression occurs, this 
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“safety valve” may protect the kidneys from further  
prenatal damage and may diminish the degree of 
hydronephrosis.

Urethral atresia causes the most severe form of 
obstructive uropathy. The sonographic features include 
a greatly distended bladder and anhydramnios after the 
first trimester (Fig. 39-30). In the absence of antenatal 
treatment, urethral atresia is almost always fatal, because 
of associated renal dysplasia and pulmonary hypopla-
sia.152 A small number of survivors have been reported 
after antenatal intervention.153

Prune belly syndrome is characterized by the classic 
triad of absent abdominal musculature, undescended 
testes, and urinary tract abnormalities (megacystis, 
ureterectasis). Although some authors believe that the 

FIGURE 39-28. Posterior urethral valves causing urethral level obstruction. A, Dilated urinary bladder (B) and 
proximal urethra (*) give the appearance of a keyhole, characteristic of urethral obstruction in a 21-week fetus. B, Coronal scan shows 
dilated tortuous ureters (arrows).

A B

FIGURE 39-29. Urinary ascites. Longitudinal scan of a 
22-week fetus shows a thick-walled bladder (B) and urinary ascites 
(*) caused by spontaneous rupture of severe megacystis.

FIGURE 39-30. Urethral atresia. Coronal scan of a 
17-week fetus shows a greatly distended bladder (B) that occupies 
the entire abdomen. The thorax (arrows) is compressed and bell 
shaped because of pulmonary hypoplasia. There is anhydram-
nios. P, Placenta.

syndrome results from a primary mesodermal defect, 
others explain the pathogenesis as a urethral obstruction 
malformation complex (the muscular defect is secondary 
to distended urinary system).154 The bladder is typically 
very large. The prostatic urethra is dilated, and the 
appearance resembles posterior urethral valves. The 
ureters tend to be tortuous and dilated. The kidneys  
may be normal, hydronephrotic, or dysplastic. Other 
abnormalities may be present, including intestinal mal-
rotation, congenital heart disease, and musculoskeletal 
deformities. Although not all infants have urethral 
obstruction at birth, it has been suggested that transient 
in utero obstruction may initiate the sequence respon-
sible for this syndrome.155
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Megalourethra is characterized by a congenital defi-
ciency of the mesodermal tissues of the phallus, with 
dilation of the penile urethra and enlargement of the 
penis (Fig. 39-31). This condition has been classified 
into two types, fusiform and scaphoid urethra, but it  
is preferable to consider it as a spectrum rather than  
two distinct entities. Urinary stasis in the dilated penile 
urethra results in functional obstruction of the urinary 
tract. The prenatal sonographic findings include those of 

FIGURE 39-31. Megacystis and megalourethra. A, Oblique scan of the fetal pelvis at 21 weeks’ gestation shows a dilated 
urinary bladder (B) with thick walls (calipers). B, Transverse view of the perineum shows a dilated penile urethra (arrow) with deficient 
mesodermal tissues in the phallus. C, Postmortem photograph of the fetus at 23 weeks’ gestation shows enlarged penis. The penile urethra 
was patent (not shown). (A and B courtesy Ants Toi, MD, Department of Medical Imaging; C courtesy Sarah Keating, MD, Department of 
Pathology and Laboratory Medicine; Mount Sinai Hospital, Toronto.)

A

C

B
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PRUNE BELLY SYNDROME

Absent abdominal musculature
Undescended testes
Very large bladder
Dilated prostatic urethra
Ureters tortuous and dilated
Kidneys normal, hydronephrotic, or dysplastic
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genital secretions, and meconium. Lower urinary tract 
abnormalities (reflux, ureteral ectopia, duplication of 
bladder) and genital abnormalities (duplication or atresia 
of uterus and vagina) are common, as are abnormalities 
of the bony pelvis and kidneys. Additional complications 
are related to urinary tract obstruction, hydrometro-
colpos, and bowel obstruction. Prenatal sonographic 
findings include normal or diminished AFV; a normal, 
distended, or nonvisualized bladder with a cystic mass 
containing calcifications (meconium mixed with urine) 
(Fig. 39-32); ascites; hydronephrosis; ambiguous genita-
lia; and vertebral anomalies.161,162

In Utero Intervention: 
Vesicoamniotic Shunting

For a carefully selected group of fetuses with severe  
lower urinary tract obstruction, permanent in utero 
bladder drainage may be a therapeutic option. The 
objective of vesicoamniotic shunting is to allow free 
drainage of urine from the bladder into the amniotic 
cavity. This relieves back pressure on the urinary tract 
and should prevent or stabilize renal dysplastic change, 
correct oligohydramnios, and allow unimpeded lung 
development. This approach assumes that renal function 
has not been destroyed by the original insult resulting in 
the anatomic obstruction. Careful selection of suitable 
cases is critical, and the goal is often the identification 
and rigorous evaluation of reliable predictors of postnatal 
renal function.147,163-170

A detailed sonographic evaluation of the fetus is a 
prerequisite, including a diligent search for associated 
structural or chromosomal abnormalities. The sono-
graphic appearances and clinical sequelae of severe lower 
urinary tract obstruction are discussed earlier. A thor-
ough assessment of the urinary tract is necessary to define 
the probable cause and evaluate prognosis. Intervention 
is not indicated if the ultrasound suggests either MMIHS 

lower urinary tract obstruction, with dilation and elon-
gation of the penile urethra156 (Fig. 39-31; Video 39-2). 
Associated malformations of the urinary tract include 
urethral atresia, posterior urethral valves, prune 
belly syndrome, and horseshoe kidney. Abnormalities 
involving the GI tract, spine, and VACTERL association 
have been reported. The prognosis depends on the 
degree of renal dysfunction and the severity of associated 
anomalies. Survivors are at risk of renal insufficiency, 
impotence, and infertility.

Megacystis-microcolon–intestinal hypoperistalsis 
syndrome (MMIHS) is a rare, nonobstructive cause of 
megacystis, with a 4 : 1 female predominance. The syn-
drome involves not only a distended bladder but also 
functional small bowel obstruction and microcolon. It 
is important to differentiate this syndrome from the 
more common posterior urethral valves because it 
carries a dismal prognosis, and fetal bladder shunting is 
not indicated. The key features are (1) the amniotic fluid 
is usually normal or increased; (2) the fetus is usually 
female; and (3) rarely a dilated small bowel may be 
present.157 MRI is a useful adjunct for diagnosis; it can 
confirm the presence of microcolon when an enlarged 
bladder is visualized on ultrasound.158 An abnormal 
amniotic fluid digestive enzyme profile has shown a sen-
sitivity of 80% and specificity of 89% for detection of 
MMIHS.159 No genetic locus for MMIHS has yet been 
found, although reports of inheritance in families exist.

Cloacal malformation (persistent cloaca) results from 
failure of the urorectal septum to reach the perineum. It 
occurs exclusively in phenotypic females, with an inci-
dence of 1 in 50,000 births. The etiology is unknown 
but is thought to be heterogeneous. Recent studies have 
suggested that limb–body wall complex, cloacal exstro-
phy, and urorectal septum malformation sequence may 
represent a continuous spectrum of abnormalities with a 
common etiology.160 The typical patient has a single 
perineal opening that serves as the outlet for urine, 

FIGURE 39-32. Cloacal malformation. A and B, Oblique views of the abdomen in a fetus with nonvisualized bladder show 
a complex, fluid-filled structure (arrow) in the middle to lower abdomen with calcifications caused by cloacal malformation.

A B
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ANTENATAL PREDICTORS OF POOR 
POSTNATAL RENAL FUNCTION

Ultrasound
Severe oligohydramnios, especially if early onset
Increased renal echogenicity
Renal cortical cysts
Slow bladder refilling after vesicocentesis

Fetal Urine
↑Sodium level (Na+)
↑Calcium level (Ca2+)
↑β2-Microglobulin level
↑Osmolality

Fetal Blood
↑β2-Microglobulin level

or severe cloacal dysgenesis, because of their dismal prog-
nosis. This procedure is discussed in more detail in 
Chapter 46.

Fine-needle aspiration under ultrasound guidance 
(vesicocentesis) temporarily relieves the megacystis and 
allows urine to be analyzed for assessment of renal func-
tion and karyotype.25,164-166 If the urine reaccumulates 
rapidly (which itself may indicate function) and the 
other prognostic factors are favorable, placement of a 
permanent vesicoamniotic shunt may be considered. 

Fetal urinary sodium (Na+), calcium (Ca2+), osmolality, 
and β2-microglobulin (in combination) appear to be the 
most predictive of outcome163-168,170 and form the main-
stay of biochemical evaluation (Table 39-4).

Initially, fixed cutoff values were suggested for each 
variable as predictors of poor prognosis.59 However, the 
normal levels of many parameters vary with gestational 
age and must be interpreted accordingly. Specifically, 
sodium and β2-microglobulin levels decrease throughout 
gestation, whereas calcium and creatinine values 
rise.163,164,169 In general, more hypotonic fetal urine cor-
relates with a more favorable outcome. Some groups 
advocate that the last of three sequential urine samplings 
at 48- to 72-hour intervals is most reflective of true renal 
function.163,171,172 A systematic review of 572 pregnancies 
showed the two most accurate tests of fetal renal function 
were calcium above 95th centile for gestation and sodium 
above 95th centile for gestation, with β2-microglobulin 
being less accurate.173 It has been suggested that fetal 
blood levels of β2-microglobulin may better assess glo-
merular filtration rate than urinary markers, which gen-
erally reflect tubular function.174 Blood sampling for 
electrolytes and β2-microglobulin may also be useful in 
cases when no urine can be collected by vesicocentesis.172 
A urinary function profile, which combines a number 
of biochemical and sonographic predictors, appears to  
be of most clinical value. Only carefully selected  
fetuses with adequate renal function, despite significant  
oligohydramnios, are likely to benefit from in utero 

TABLE 39-4. PREDICTIVE VALUE OF FETAL URINALYSIS FOR POOR POSTNATAL  
RENAL FUNCTION

STUDY THRESHOLD SENSITIVITY SPECIFICITY PPV NPV

Sodium
Muller et al.169 >50 mmol/L 0.82 0.64 0.6
Nicolini et al.164 >95th centile** (mmol/L) 0.87 0.8
Johnson et al.163* >100 mg/dL 1.0 0.79 0.7 1.0
Nicolaides et al.170 >95th centile** (mmol/L) 0.9 0.7

β2-microglobulin
Muller et al.166 >2 mg/L 0.8 0.83 0.8
Johnson et al.163* >4 mg/L 0.22 1.0 1.0 0.68

Calcium
Muller et al.166 >0.95 mmol/L 0.53 0.84 0.6
Nicolini et al.164 >95th centile** (mmol/L) 1.0 0.6
Johnson et al.163* >8 mg/dL 0.88 0.47 0.47 0.88

Osmolality
Johnson et al.163* >200 mOsm/L 1.0 0.84 0.77 1.0

Creatinine
Nicolaides et al.170 >95th centile** (mmol/L) 1.0 0.4
Muller et al.166 >200 mmol/L (at 20 weeks, but 

increases with gestational age)
0.64 0.89 0.85

Total protein
Muller et al.166 >0.04 g/L 0.65 0.89 1.0
Johnson et al.163* >20 mg/dL 0.88 0.71 0.64 0.91

Definitions of “normal” renal function: Muller, serum creatinine 50 mmol/L at 1 year of age; Johnson, urine creatinine <1.0 mg/dL at 2 years of age; Nicolaides, serum 
creatinine <70 mmol/L at 1 to 6 years of age; Nicolini, not stated.

* Results from third of three sequential samples.
**For gestational age.
PPV, Positive predictive value; NPV, negative predictive value.
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intervention; and in our center, only a handful of the 
fetuses who are referred with lower urinary tract obstruc-
tion go on to such treatment.

Our approach is to counsel the parents extensively 
beforehand, with input from a multidisciplinary team  
of fetal medicine, pediatrics, urology, nephrology, and 
social work. Parents are also given the opportunity to 
speak to others who have faced similar dilemmas. Before 
any decision is made, we try to ensure that they have  
an unbiased and complete account of the situation  
and are fully aware that, despite successful shunt place-
ment, renal failure or pulmonary hypoplasia may still 
ensue.174-177

The technique involves the insertion of a small, plastic, 
double-coiled Silastic “pigtail” catheter into the bladder 
under continuous ultrasound guidance. To facilitate 
insertion, amnioinfusion is always undertaken before-
hand. Antibiotic prophylaxis and tocolysis (rectal indo-
methacin and topical nitroglycerin) are used for 24 hours. 
We strive to place the shunt anteriorly in the midline, 
ideally below the umbilical cord insertion172 (Fig. 39-33). 
Color Doppler ultrasound is used to help avoid maternal 
and fetal blood vessels. Early intervention is probably 
necessary for this procedure to be successful in the pre-
vention of pulmonary hypoplasia and preservation of 
renal function.149 Usually, significant oligohydramnios 
is a prerequisite for shunting. Occasionally, intervention 
may be considered in light of documented worsening of 
renal function on urinalysis or progressively abnormal 
renal appearance on ultrasound, despite a normal AFV. 
Rarely, it may be warranted to place the shunt directly 
into a dilated renal pelvis rather than the bladder. Shunts 
may become blocked or dislodged and will require 
replacement in a few cases.

FIGURE 39-33. Vesicoamniotic shunt. Arrows indicate 
catheter in the decompressed bladder (B) and amniotic fluid. Note 
normal amniotic fluid volume.

Few studies have looked at long-term outcomes in 
children treated with prenatal vesicoamniotic shunting. 
Retrospective series report 22% to 67% survivors among 
those treated, with renal function preserved in 0% to 
50% of survivors.163,175-177 A systematic review and meta-
analysis of 16 observational studies involving 210 fetuses 
in whom a bladder drainage procedure was attempted 
concluded that prenatal bladder drainage improved peri-
natal survival in the most severe cases, but high-quality 
evidence is lacking.178 In a recent series of 20 children 
treated with in utero vesicoamniotic shunts, 10% died 
from pulmonary hypoplasia.179 The survivors were fol-
lowed for a mean age of 5.8 years; 40% of those treated 
had acceptable renal function, 20% had mild renal insuf-
ficiency, and 30% required dialysis and eventual renal 
transplant. The majority had acceptable bladder func-
tion, normal neurologic development, and satisfactory 
quality of life.

Antenatal management of lower urinary tract obstruc-
tion is difficult because the natural history is highly 
variable and dependent on etiology, severity, duration, 
and age of onset of the obstruction. Currently, there is 
a multicenter randomized controlled trial in the United 
Kingdom to evaluate the safety and effectiveness of in 
utero vesicoamniotic shunting compared to conservative 
management (the Pluto trial; www.pluto.bham.ac.uk).

Bladder Exstrophy

This severe anomaly occurs once in 10,000 to 40,000 
births, more often in males.2 Bladder exstrophy is caused 
by incomplete median closure of the inferior part of the 
anterior abdominal wall. The defect also involves the 
anterior wall of the urinary bladder. There is exposure 
and protrusion of the posterior wall of the bladder. This 
anomaly is associated with separation of the pubic bones, 
a low-set umbilicus, and abnormal genitalia. Sonograph-
ically, AFV and kidneys are normal, but a fluid-filled 
bladder is not identified. Instead, the everted bladder 

NONVISUALIZATION OF FETAL 
BLADDER: ETIOLOGY

FAILURE OF URINE PRODUCTION
Bilateral renal agenesis
Bilateral multicystic dysplastic kidneys
Bilateral severe renal dysplasia
Bilateral severe ureteropelvic junction obstruction
Bilateral combinations of any of the above
Autosomal recessive polycystic kidney disease
Severe intrauterine growth restriction

FAILURE TO STORE URINE
Bladder exstrophy
Cloacal exstrophy
Bilateral single-system ectopic ureters

http://www.pluto.bham.ac.uk
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small, empty scrotum or when the umbilical cord is 
mistaken for the penis.

Fetal gender can also be identified in the first trimes-
ter. During embryologic development, the male and 
female genitalia are identical until the 11th week of 
gestation, so gender determination is not possible before 
11 weeks. In the first trimester the most useful scanning 
plane is the midsagittal plane, where there is a different 
orientation of the phallus related to the gender. In males 
the penis is seen as a cranially or vertically directed 
phallus; in females the clitoris is represented by a cau-
dally or horizontally directed phallus (Fig. 39-36). 
Three-dimensional sonography allows the midsagittal 
plane to be obtained and the genitalia to be visualized 
more easily.186 At 12 weeks’ gestation, fetal gender can 
be identified in 87% to 100% of fetuses and is accurately 
predicted in 86% to 100% of these cases.187-189

Testicular descent into the scrotum occurs after 25 
weeks’ gestation.190 After 32 weeks, both testes have 
descended in 97% of the fetuses. Small hydroceles  
are common in third-trimester male fetuses (15%) and 
are usually of no clinical importance191 (Fig. 39-37). 
However, large hydroceles, especially if they increase in 
size over time, suggest an open communication between 
the processus vaginalis and peritoneal cavity. In such 
cases, postnatal evaluation for inguinal hernia should be 
performed.192

Abnormal Genitalia

An abnormality of the genitalia may be an isolated 
finding or associated with other major malformations.  
In a male fetus, abnormal ultrasound findings include 
micropenis, penile chordee (ventral curvature of 
penis), a shawl or bifid scrotum, hypospadias, and 

with heaped-up mucosa may be seen as an irregular mass 
on the anterior abdominal wall, inferior to the umbilicus 
(Fig. 39-34). Other findings include a low umbilical 
cord insertion site into the abdomen, widening of the 
pubic bones, and small penis.180 Bladder exstrophy is 
usually a sporadic and isolated defect. Rarely, it has been 
reported with the OEIS complex: omphalocele, exstro-
phy of bladder, imperforate anus, and spinal defects. 
Renal anomalies and abnormalities of the lower limbs 
are often found.181,182

THE GENITAL TRACT

Normal Genitalia

Documentation of fetal gender has medical as well as 
social implications. These include (1) history of X-linked 
disorders, (2) assignment of dizygosity in twin pregnan-
cies, (3) exclusion of maternal cell contamination during 
amniocentesis (with mixed cell population on karyo-
type), (4) need to confirm fetal gender to diagnose 
certain structural abnormalities (e.g., posterior urethral 
valves, ovarian cysts), and (5) familial syndromes in 
which genital abnormalities are common.

In the second trimester the external genitalia can  
be visualized in 84% to 91% of fetuses, and the fetal 
gender can be correctly assigned in 93% to 99% of these 
cases.183-185 A male fetus is diagnosed when the penis and 
scrotum are demonstrated, and the female fetus is diag-
nosed when the labia majora are shown (Fig. 39-35). 
Inopportune fetal position, oligohydramnios, maternal 
obesity, and operator inexperience represent the major 
limitations in fetal gender assessment. Errors may occur 
when the rounded, apposed labia are mistaken for a 

FIGURE 39-34. Bladder exstrophy. A, Longitudinal scan of the lower fetal abdomen shows an irregular mass on the anterior 
abdominal wall (small arrows), below the umbilical cord insertion (large arrow), which is more caudad than usual. No bladder can be 
identified. Note normal amniotic fluid volume. B, Transverse view of the perineum shows two small excrescences (small arrows) that 
represent the everted bladder with heaped-up mucosa. C, Corresponding photograph of the exposed bladder with heaped-up mucosa 
(arrows); Um, umbilical cord. (Courtesy Ants Toi, MD, Department of Medical Imaging, Mount Sinai Hospital, Toronto.)

A B C
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FIGURE 39-35. Normal genitalia. A, Normal 20-week male fetus. Transverse scan of the perineum shows the penis and scrotum. 
B, Normal 21-week female fetus. Transverse scan of the perineum shows the labial folds.

A B

FIGURE 39-36. First-trimester gender identification. A, Sagittal scan of a 12-week male fetus shows the vertical and rela-
tively cranially directed phallus (arrow). B, Sagittal scan of a 12-week female fetus shows the horizontal/caudally directed phallus (arrow).

A B

undescended testes (in third trimester).193-196 In the 
female, an enlarged clitoris is the most common finding. 
It can be difficult to define ambiguous genitalia accu-
rately (Fig. 39-38). A male fetus with micropenis, bifid 
scrotum, and undescended testes may not be distin-
guished from the virilized female who has clitoral 
enlargement (and labial fusion). If ambiguous genitalia 
are suspected, a karyotype is obtained to determine the 
genetic make-up of the fetus. Ambiguous genitalia, syn-
dactyly, and multiple other anomalies would raise the 
suspicion of Smith-Lemli-Opitz syndrome, an autoso-
mal recessive inborn error in cholesterol metabolism. 
This diagnosis is also suggested by low maternal serum 
estriol in the second trimester. Elevated 7-dehydrocho-
lesterol in amniotic fluid in the second trimester or at 
chorionic villus sampling in the first trimester is a reliable 
marker for prenatal diagnosis of Smith-Lemli-Opitz 
syndrome.197

When ultrasound suggests male genitalia and the fetus 
is genetically female, congenital adrenal hyperplasia is 

FIGURE 39-37. Hydroceles. Scan of the scrotal sac in a 
38-week male fetus demonstrates testes and bilateral hydroceles.
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reported.203 In a genetic male with female external geni-
talia, testicular feminization is likely. Intersex states 
may be divided into hormonally and nonhormonally 
mediated abnormalities. The latter often have associated 
cloacal anomalies or chromosomal aberrations or may 
conform to one of numerous multimalformation syn-
dromes. In many cases, an accurate diagnosis and final 
gender assignment can only be made postnatally.

Hydrometrocolpos

Hydrometrocolpos, enlargement of the obstructed uterus 
and vagina from retained secretions, results from a 
number of causes, including vaginal or cervical atresia, 
imperforate hymen, and vaginal membranes. Sono-

the most common cause. The condition is autosomal 
recessive, so there may be a previously affected sibling. 
More than 90% of cases result from mutations of CYP21, 
leading to 21-hydroxylase deficiency. When a proband 
exists, early prenatal diagnosis is possible by direct molec-
ular analysis in the first trimester, and fetal adrenal sup-
pression with maternal dexamethasone therapy can reverse 
or reduce masculinization of the external genitalia.198 In 
the absence of a family history, the ultrasound finding of 
enlarged fetal adrenal glands in addition to genital ambi-
guity is suggestive of congenital adrenal hyperplasia.199 
Measurement of 17-OHP and Δ4-androstenedione in 
amniotic fluid can confirm the diagnosis.200-202

Prenatal diagnosis of female pseudohermaphro-
ditism with bilateral luteoma of pregnancy has been 

FIGURE 39-38. Ambiguous genitalia. A and B, Transverse views of the perineum in a 28-week growth-restricted fetus show 
ambiguous genitalia: abnormal incurved penis (arrows) located between the two labial-like swellings (arrowheads). C, Postnatal photograph 
of the newborn (genetically a male) shows micropenis, which is severely incurved with hypospadias, bifid scrotal sac, and cryptorchidism 
(the latter is normal for a 28-week fetus). (C courtesy Sarah Keating, MD, Department of Pathology and Laboratory Medicine, Mount Sinai 
Hospital, Toronto.)
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of complications, such as torsion and rupture.210,211 
The value of prenatal cyst aspiration is controversial. No 
published randomized controlled trial has compared  
prenatal cyst aspiration with other treatment options. 
Some authors reported cyst recurrence after aspiration.209 
However, in a prospective study in which 14 simple cysts 
5 cm or larger in diameter were aspirated prenatally, 12 
(86%) resolved, with no procedure-related complica-
tion.212 In most cases, identification of an ovarian cyst 
does not alter obstetric care. Extremely large cysts may 
cause intestinal obstruction, polyhydramnios, and dysto-
cia. Serial ultrasound monitoring is recommended.

Postnatal management options include surgery, per-
cutaneous cyst aspiration, and observation alone. Simple 
cysts smaller than 5 cm are managed conservatively with 
serial ultrasound. Complex cysts, simple cysts larger than 
5 cm, symptomatic cysts, and cysts that persist or increase 
in size are indications for surgery.213,214

CONCLUSION

The most common antenatally detected fetal anomalies 
are genitourinary in origin. A thorough sonographic 
evaluation of renal structure, function, and associated 
anomalies will improve the accuracy of antenatal diag-
nosis, thus enabling optimal obstetric and neonatal 
management.
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Congenital bone disorders are a heterogeneous group 
of disorders primarily affecting the growth and develop-
ment of the musculoskeletal system. There are three 
major categories. The skeletal dysplasias are developmen-
tal disorders of chondro-osseous tissue caused by single-
gene disorders with prenatal and postnatal manifestations. 
the dysostoses are single-gene disorders resulting in mal-
formations of individual bones caused by transient 
abnormalities of signaling factors. Disruptions are mor-
phologic defects of an organ or larger region resulting 
from extrinsic breakdown or interference with an origi-
nally normal developmental process.1 The prevalence of 
skeletal dysplasias, also called osteochondrodysplasias, 
diagnosed prenatally or during the neonatal period, 
excluding limb amputations, is 2.4 to 4.5 per 10,000 
births. More than 400 subtypes have been reported2-5 
(Table 40-1).

The number of recognized genetic disorders with a 
substantial skeletal component is increasing, and the dis-
tinction among dysplasias, metabolic bone disorders, 
dysostoses, and malformation syndromes is constantly 
evolving. Despite increased knowledge about the genetic 
etiology of many of these conditions and the improved 
ability to diagnose and categorize these disorders cor-
rectly, the clinical and imaging features remain a funda-
mental tool for diagnosing and directing the molecular 

investigation.2,6 Although many fetal skeletal dysplasias 
can be accurately identified by prenatal ultrasound, this 
remains a challenging task because of the low incidence, 
phenotypic variability and wide range of appearances.7 
The majority of cases have no family history of a similar 
condition. Nonetheless, the majority of lethal skeletal 
dysplasias, including thanatophoric dysplasia, achon-
drogenesis, and osteogenesis imperfecta type II, can be 
diagnosed solely on the basis of prenatal ultrasound.8 
Tretter et al.9 determined that 26 of 27 lethal skeletal 
dysplasias were identified correctly by prenatal ultra-
sound; however, only 13 of 27 (48%) received an accu-
rate specific antenatal diagnosis.9 Eight of 14 (57%) 
underwent a substantial change in genetic counseling 
when cytogenetic, molecular (including microarray), 
pathologic, and radiologic findings were added. Thus, 
although the ultrasound diagnosis of a lethal skeletal 
dysplasia is highly accurate (85%-95%), a correct spe-
cific diagnosis is obtained in only 40% to 55% of 
cases.7-9

Nonetheless, the highly accurate prenatal determina-
tion of the lethality of a given skeletal dysplasia is crucial 
in helping couples with decision making. Typically, a 
combination of ultrasound, radiologic, genetic, patho-
logic, and cytogenetic investigation is required to classify 
a specific congenital musculoskeletal disorder. A prenatal 
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Of the secondary ossification centers in the long 
bones, only the distal femoral epiphysis, the proximal 
tibial epiphysis, and occasionally the proximal humeral 
epiphysis ossify prenatally (Fig. 40-1). The unossified 
epiphysis appears hypoechoic, with a variably, mildly 
echogenic center. Ossification begins centrally. The 
distal femoral epiphysis can ossify as early as 29 weeks’ 
menstrual age and as late as 34 weeks. When it measures 
greater than 7 mm, the menstrual age is generally later 
than 37 weeks.14,15 The proximal tibial epiphysis begins 
to ossify by 35 menstrual weeks.15 In uncomplicated 
pregnancies the combination of a distal femoral epiphy-
sis of 3 mm or greater and the presence of a proximal 
tibial epiphysis is considered a reliable marker of pul-
monary maturity.16 Intrauterine growth restriction 
(IUGR) may delay ossification of the distal femoral 
epiphysis and proximal tibial epiphysis. The earliest sec-
ondary epiphysis to ossify is the calcaneus, at approxi-
mately 20 weeks’ gestation, thus marking the earliest 
point that assessment of delayed ossification of the sec-
ondary epiphyseal centers can be attempted.

The fascia within the muscle is highly echogenic  
compared with the relatively hypoechoic cartilage. The 
fetal musculature is slightly more echogenic than the 
relatively hypoechoic cartilage. The fetal joint spaces, in 
particular the knee, appear echogenic because of the 
combination of synovium, fat, and microvasculature.11 
The normal development and ultimate function of the 
fetal musculoskeletal system depend on fetal move-
ments, which start by the second half of the first trimes-
ter. In the absence of normal fetal motion, the bones and 
muscles will be underdeveloped, the chest will be narrow, 
and joint contractures and postural deformities may  
also occur.

Extremity Measurements

It is a standard practice to assess femur length (FL) as 
part of the evaluation of fetal size and morphology. 
Although measurement of all the long bones is not 
required in a routine obstetric ultrasound, an overall 
evaluation of the fetal skeleton should be performed to 
ensure the presence and bilateral symmetry of the tubular 
bones. Available charts provide guidance for correlating 
the length of the extremities with the gestational age 
(Table 40-2).

The longest femur measurement, excluding both 
proximal and distal epiphyses, is usually chosen. The 
inclusion of the distal femur point, or the specular 
reflection of the lateral aspect of the distal femoral  
epiphysis cartilage, is the most common reason for  
overestimating FL17 (Fig. 40-2, A). An oblique FL 
measurement will result in undermeasurement. The 
lateral border of the femur in the near field of the trans-
ducer appears straight, whereas the medial border of  
the femur in the far field has a curved appearance18 
(Fig. 40-2, B).

TABLE 40-1. BIRTH PREVALENCE OF 
SKELETAL DYSPLASIAS

SKELETAL DYSPLASIA
PREVALENCE PER  
100,000 BIRTHS

Lethal Dysplasias
Thanatophoric dysplasia 2.4 to 6.9
Achondrogenesis 0.9 to 2.3
Osteogenesis imperfecta type IIA 1.8
Hypophosphatasia congenita 1.0

Variable-Prognosis Dysplasias
Rhizomelic chondrodysplasia punctata 0.5 to 0.9
Campomelic dysplasia 1.0 to 1.5
Asphyxiating thoracic dystrophy 0.8 to 1.4
Ellis–van Creveld syndrome 0.7
Osteogenesis imperfecta (other types) 1.8

Nonlethal Dysplasias
Heterozygous achondroplasia 3.3 to 3.8

Overall 24.4 to 75.0

diagnosis of a musculoskeletal anomaly will provide an 
opportunity for genetic counseling, pregnancy termina-
tion, or tertiary-level care when appropriate. A multidis-
ciplinary approach involving the medical imaging team, 
obstetrician, medical geneticist, and perinatologist is 
important in optimizing the accuracy of prognosis and 
recurrence risk. This information is crucial to the family 
and to medical personnel involved in planning clinical 
management for both current and future pregnancies. 
This chapter uses a “key features’’ approach to the sono-
graphic diagnosis of the common skeletal dysplasias to 
aid in the classification and differential diagnosis.

NORMAL FETAL SKELETON

Development

The high level of intrinsic contrast of the fetal extremities 
places them among the earliest structures that can be 
evaluated by ultrasound. By the end of the embryonic 
period, the differentiation of bones, joints, and muscu-
lature is similar to that of an adult and is associated with 
increased fetal movements.10,11 Transvaginal ultrasound 
can demonstrate the limb buds by 7 weeks’ gestation, 
and the foot and hand plates are visible by 8 weeks.12 
Osteogenesis begins in the clavicle and mandible by 8 
weeks as well. By 11 to 12 weeks, the primary ossifica-
tion centers of the long bones (e.g., scapula, ileum), 
as well as the limb articulations and phalanges, can  
be identified. The ischium, metacarpals, and metatarsals 
ossify during the fourth month of gestation. The pubis, 
calcaneus, and talus ossify during the fifth and sixth 
months. Ossification of the other tarsal and carpal bones 
occurs postnatally.13 The direction of growth in the long 
bones is from proximal to distal, and the lower extremi-
ties lag slightly behind the upper extremities.11



FIGURE 40-1. Secondary ossification centers in fetus at 38 weeks’ gestational age. A, View of the femur and 
distal femoral ossification center (arrow). B, View of distal femur and proximal tibia with distal femoral ossification center (arrow) and 
proximal tibial ossification center (arrowhead).

A B

TABLE 40-2. NORMAL EXTREMITY LONG-BONE LENGTHS AND BIPARIETAL DIAMETERS 
AT DIFFERENT MENSTRUAL AGES*

MENSTRUAL 
AGE

BIPARIETAL 
DIAMETER

Bone

FEMUR TIBIA FIBULA HUMERUS RADIUS ULNA

13 2.3 (0.3) 1.1 (0.2) 0.9 (0.2) 0.8 (0.2) 1.0 (0.2) 0.6 (0.2) 0.8 (0.3)
14 2.7 (0.3) 1.3 (0.2) 1.0 (0.2) 0.9 (0.3) 1.2 (0.2) 0.8 (0.2) 1.0 (0.2)
15 3.0 (0.1) 1.5 (0.2) 1.3 (0.2) 1.2 (0.2) 1.4 (0.2) 1.1 (0.1) 1.2 (0.1)
16 3.3 (0.2) 1.9 (0.3) 1.6 (0.3) 1.5 (0.3) 1.7 (0.2) 1.4 (0.3) 1.6 (0.3)
17 3.7 (0.3) 2.2 (0.3) 1.8 (0.3) 1.7 (0.2) 2.0 (0.4) 1.5 (0.3) 1.7 (0.3)
18 4.2 (0.5) 2.5 (0.3) 2.2 (0.3) 2.1 (0.3) 2.3 (0.3) 1.9 (0.2) 2.2 (0.3)
19 4.4 (0.4) 2.8 (0.3) 2.5 (0.3) 2.3 (0.3) 2.6 (0.3) 2.1 (0.3) 2.4 (0.3)
20 4.7 (0.4) 3.1 (0.3) 2.7 (0.2) 2.6 (0.2) 2.9 (0.3) 2.4 (0.2) 2.7 (0.4)
21 5.0 (0.5) 3.5 (0.4) 3.0 (0.4) 2.9 (0.4) 3.2 (0.4) 2.7 (0.4) 3.0 (0.4)
22 5.5 (0.5) 3.6 (0.3) 3.2 (0.3) 3.1 (0.3) 3.3 (0.3) 2.8 (0.5) 3.1 (0.4)
23 5.8 (0.5) 4.0 (0.4) 3.6 (0.2) 3.4 (0.2) 3.7 (0.3) 3.1 (0.4) 3.5 (0.2)
24 6.1 (0.5) 4.2 (0.3) 3.7 (0.3) 3.6 (0.3) 3.8 (0.4) 3.3 (0.4) 3.6 (0.4)
25 6.4 (0.5) 4.6 (0.3) 4.0 (0.3) 3.9 (0.4) 4.2 (0.4) 3.5 (0.3) 3.9 (0.4)
26 6.8 (0.5) 4.8 (0.4) 4.2 (0.3) 4.0 (0.3) 4.3 (0.3) 3.6 (0.4) 4.0 (0.3)
27 7.0 (0.3) 4.9 (0.3) 4.4 (0.3) 4.2 (0.3) 4.5 (0.2) 3.7 (0.3) 4.1 (0.2)
28 7.3 (0.5) 5.3 (0.5) 4.5 (0.4) 4.4 (0.3) 4.7 (0.4) 3.9 (0.4) 4.4 (0.5)
29 7.6 (0.5) 5.3 (0.5) 4.6 (0.3) 4.5 (0.3) 4.8 (0.4) 4.0 (0.5) 4.5 (0.4)
30 7.7 (0.6) 5.6 (0.3) 4.8 (0.5) 4.7 (0.3) 5.0 (0.5) 4.1 (0.6) 4.7 (0.3)
31 8.2 (0.7) 6.0 (0.6) 5.1 (0.3) 4.9 (0.5) 5.3 (0.4) 4.2 (0.3) 4.9 (0.4)
32 8.5 (0.6) 6.1 (0.6) 5.2 (0.4) 5.1 (0.4) 5.4 (0.4) 4.4 (0.6) 5.0 (0.6)
33 8.6 (0.4) 6.4 (0.5) 5.4 (0.5) 5.3 (0.3) 5.6 (0.5) 4.5 (0.5) 5.2 (0.3)
34 8.9 (0.5) 6.6 (0.6) 5.7 (0.5) 5.5 (0.4) 5.8 (0.5) 4.7 (0.5) 5.4 (0.5)
35 8.9 (0.7) 6.7 (0.6) 5.8 (0.4) 5.6 (0.4) 5.9 (0.6) 4.8 (0.6) 5.4 (0.4)
36 9.1 (0.7) 7.0 (0.7) 6.0 (0.6) 5.6 (0.5) 6.0 (0.6) 4.9 (0.5) 5.5 (0.3)
37 9.3 (0.9) 7.2 (0.4) 6.1 (0.4) 6.0 (0.4) 6.1 (0.4) 5.1 (0.3) 5.6 (0.4)
38 9.5 (0.6) 7.4 (0.6) 6.2 (0.3) 6.0 (0.4) 6.4 (0.3) 5.1 (0.5) 5.8 (0.6)
39 9.5 (0.6) 7.6 (0.8) 6.4 (0.7) 6.1 (0.6) 6.5 (0.6) 5.3 (0.5) 6.0 (0.6)
40 9.9 (0.8) 7.7 (0.4) 6.5 (0.3) 6.2 (0.1) 6.6 (0.4) 5.3 (0.3) 6.0 (0.5)
41 9.7 (0.6) 7.7 (0.4) 6.6 (0.4) 6.3 (0.5) 6.6 (0.4) 5.6 (0.4) 6.3 (0.5)
42 10.0 (0.5) 7.8 (0.7) 6.8 (0.5) 6.7 (0.7) 6.8 (0.7) 5.7 (0.5) 6.5 (0.5)

*Mean values (cm); value of 2 SD in parentheses.
From Merz E, Kim-Kern MS, Pehl S: Ultrasonic mensuration of fetal limb bones in the second and third trimesters. J Clin Ultrasound 1987;5:175-183.
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and ulna end at the same level distally. Demonstration 
of this relationship will effectively exclude the majority 
of radial ray defects.

The clavicles grow in a linear fashion, approximately 
1 mm per week, and the gestational age in weeks is 
approximately the length of the clavicle in millimeters 
from 14 weeks to term. By 40 weeks’ gestation, the 
clavicles measure approximately 40 mm.19

In the lower extremity the lateral bone is the fibula 
and the medial bone is the tibia. The tibia and fibula 
end at the same level distally. In the upper extremity, 
pronation may cause the radius and ulna to cross, so it 
can be difficult to distinguish the ulna from the radius 
using lateral and medial positions. The ulna is distin-
guished from the radius by its longer proximal extent 
and its relationship to the fifth digit distally. The radius 

FIGURE 40-2. Normal femur and spectrum of abnormal appearances. A, Normal femur: measure the longest length, 
excluding the proximal and distal epiphysis and the specular reflection of the lateral aspect of the distal femoral epiphysis (arrow). 
B, Normal femur in the near field, with straight lateral border versus the curved medial border in the far field of the transducer. C, Isolated 
hypoplastic left femur (arrowhead), with normal tibia (black arrow) and foot (white arrow). D, Osteogenesis imperfecta type I. Isolated 
femoral fracture with acute angulation (arrow). E, Campomelic dysplasia. Mild shortening and a gently curved ventral femoral bowing 
(arrow). F, Osteogenesis imperfecta type IIA. Bowed femur with multiple discontinuities representing fractures. G, Hypophosphatasia 
congenita. Severe micromelia (relatively broad metaphysis, short diaphysis). H, Thanatophoric dysplasia. Curved, “telephone receiver’’ 
femur. I, Chondrodysplasia punctata. Third-trimester appearance of a stippled epiphysis. (C courtesy Ants Toi, MD; D and E courtesy Shia 
Salem, MD; University of Toronto.)
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Positive Family History

A positive family history of a sibling or parents affected 
by a skeletal dysplasia or consanguineous parents should 
prompt an intensive ultrasound investigation with a 
focus on targeted abnormalities and serial measurements. 
A history of consanguinity is important because many of 
the skeletal dysplasias have an autosomal recessive mode 
of inheritance. Heterozygous achondroplasia, the most 
common nonlethal skeletal dysplasia, has an autosomal 
dominant pattern of inheritance. Family history may not 
be helpful because 80% of cases are caused by a new 
dominant mutation.

Abnormal Bone Length  
or Appearance

The fetal femur is often the only long bone routinely 
measured at the second-trimester ultrasound evaluation. 
An abnormal FL is traditionally defined as below −2 
standard deviations (SD) for gestational age.23,24 Using 
this cutoff, 2.5% of all fetuses would be classified  
as having short limbs. This exceeds the expected fre-
quency of skeletal dysplasias, and thus additional inves-
tigations are needed to identify the fetus with a skeletal 
dysplasia.

When one or all of the long bones measure less than 
−2 SD for gestational age, a follow-up ultrasound should 
be done in 3 to 4 weeks to evaluate the interval growth. 
If the interval femur growth is normal, there is a high 
likelihood that the fetus does not have skeletal dysplasia. 
However, further deviation from the mean by at least 
1 SD should suggest the presence of a skeletal dysplasia 
or severe IUGR. When FL measures below −4 SD for 
gestational age, there is a high likelihood of a skeletal 
dysplasia. Kurtz et al.23 have shown that the number of 
millimeters below the −2 SD line is a simple screening 

Foot length is measured from the skin edge overlying 
the calcaneus to the distal end of the longest toe (the  
first or second toe) on either the plantar or the sagittal 
view20-22 (Fig. 40-3). The ossified femur length is almost 
equivalent to the foot length, resulting in a normal 
femur/foot length ratio of approximately 1.0. This 
ratio remains relatively constant from the 14th week of 
gestation onward. If the fetus is constitutionally small or 
there is symmetrical IUGR, the ratio is generally 0.9 or 
greater. In most skeletal dysplasias characterized by 
short limbs, the ratio is generally less than 0.9 because 
of the relative sparing of the hands and feet. The greater 
the deviation from the lower limits of the norm, the 
greater is the severity.

SONOGRAPHIC EVALUATION  
OF FETUS WITH SKELETAL 
DYSPLASIA

A prenatal evaluation of a skeletal dysplasia is indicated 
if there is a positive family history or an abnormal length 
or appearance of the bones at ultrasound.

FIGURE 40-3. Foot length measurement. From the skin edge overlying the calcaneus to the distal end of the longest toe. A, 
Sagittal measurement; note the normal squared appearance of the heel. B, Plantar measurement.

A B

ASSESSMENT OF SKELETAL 
DYSPLASIAS: KEY FEATURES

Family history
Serial measurements
Degree of limb shortening
Pattern of limb shortening
Presence of bowing, fractures, and angulations
Spine
Thoracic measurements
Hands and feet
Calvarium and facial features
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shortening, the worse is the prognosis. Virtually all cases 
diagnosed in first trimester are considered severe skeletal 
dysplasias, with the greater majority representing lethal 
conditions.30 First-trimester skeletal biometry tables are 
available.31 Although mild, isolated shortening of the 
femur indicates increased risk for trisomy 21 by 1.5-
fold, other factors are more important for assessing  
this risk.32

The pattern of limb shortening should be assessed 
to determine which long-bone segments are most severely 
affected8,33 (Fig. 40-4). Rather than millimeters, we find 
it useful to standardize measurements to “weeks of size” 
to determine disproportion. There are four main pat-
terns of shortening of the long bones: rhizomelia, short-
ening of the proximal segment (femur and humerus); 
mesomelia, shortening of the middle segment (radius, 
ulna, tibia, and fibula); acromelia, shortening of 
the distal segment (hands and feet); and micromelia, 
shortening of the entire limb (mild, mild/bowed, or 
severe).

tool to evaluate femoral shortening with the following 
guidelines:
• If FL is 1 to 4 mm below the −2 SD point, further 

serial measurements are required to determine if a 
skeletal dysplasia is present.

• If FL is greater than 5 mm below the −2 SD point, 
there is a high likelihood of a skeletal dysplasia.
The most common etiology of a so-called short femur 

is either inaccurate dating or a normal variant in a con-
stitutionally small fetus, which may be associated with a 
parental or family history of less-than-average stature. In 
about 13% of cases, a remeasurement will bring the FL 
into a normal range, likely representing a false-positive 
diagnosis rather than a growth-spurt.25 Isolated, sym-
metrical short femurs identified at the second midtrimes-
ter ultrasound evaluation are helpful in identifying a 
group of fetuses at increased risk for low birth weight, 
small for gestational age, or severe IUGR.25-27 Typically, 
these fetuses will also have small abdominal circumfer-
ence measurements.

Occasionally, severe IUGR may present with greatly 
shortened long bones.28 Associated findings of normal 
or decreased skin fold measurements, oligohydramnios, 
abnormal placental morphology, and abnormal Doppler 
waveforms suggest the diagnosis of IUGR,29 whereas 
redundant, thickened skin folds and polyhydramnios 
typically accompany short-limb dysplasias.

Nonlethal skeletal dysplasias such as heterozygous 
achondroplasia are generally not evident before 20 
weeks’ gestation. The findings of short long bones before 
20 weeks indicate a more serious and usually fatal skel-
etal dysplasia. As a rule, the earlier the detection of limb 

FIGURE 40-4. Patterns of limb shortening. Left to right, Normal, mesomelia, rhizomelia, mild micromelia, mild and curved 
micromelia, and severe micromelia. (Drawing courtesy J. Tomash, MD, University of Toronto.)

PATTERNS OF LIMB SHORTENING

Rhizomelia: shortening of proximal segment 
(femur, humerus).

Mesomelia: shortening of middle segment (radius, 
ulna/tibia, fibula).

Acromelia: shortening of distal segment (hands, 
feet).

Micromelia: shortening of entire limb (mild, mild/
bowed, severe).
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The spine is assessed for segmentation anomalies, 
kyphoscoliosis, platyspondyly (flattened vertebral 
bodies), demineralization, myelodysplasia, and caudal 
regression syndromes. Although platyspondyly is the 
most common spine abnormality, it is a challenging pre-
natal diagnosis.35 Demineralization of the spine can result 
in the appearance of ghost vertebrae or nonvisualization 
of one or all of the three ossification centers (Fig. 40-5). 
A progressively narrowed lumbar interpedicular distance 
is associated with achondroplasia; a widened interpedicu-
lar distance is associated with myelodysplasia.

The most important prognostic determinant of the 
lethality of a given skeletal dysplasia is the presence of 
pulmonary hypoplasia. Ultrasound is 85% to 95% 
accurate in the diagnosis of a lethal skeletal dysplasia on 
the basis of pulmonary hypoplasia.7,8 The thoracic cir-
cumference is measured at the level of the four-chamber 
heart and compared to nomograms (see Table 36-1). A 
thoracic/abdominal circumference ratio of less than 0.8 
is considered abnormal. The thoracic length (from the 
neck to the diaphragm) is also measured, and the ribs are 
assessed to determine if they are short. At the level of the 

The shape, contour, and density of the bones should 
be assessed for the presence of bowing, angulations, frac-
tures, or thickening. Bowing is a nonspecific finding, 
typically caused by underlying osseous fragility. Although 
more than 40 distinct disorders can be associated  
with bowed, bent, or angulated femurs, the majority 
(63%) belong to three disorders: campomelic dysplasia 
(24.4%), thanatophoric dysplasia (23.9%) and osteo-
genesis imperfecta (OI) (18.1%).34 Patients with OI 
types I and IV can present with apparent in utero bowing 
and shortening without frank fractures of the long bones 
(see Fig. 40-2, D). Anterior bowing of the tibia, femur, 
and humerus may suggest the diagnosis of campomelic 
dysplasia; associated findings such as hypoplastic scapu-
lae and cervical kyphosis are typically present. Bone 
fractures may appear as angulations or interruptions in 
the bone contour or as thick, wrinkled contours corre-
sponding to repetitive cycles of fracture and callus for-
mation (Fig. 40-2, F ). Decreased or absent acoustic 
shadowing is a marker for decreased mineralization of 
the long bones. When evident, this is helpful, but in its 
absence the bone mineralization may still be abnormal.

A B
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FIGURE 40-5. In lethal skeletal dysplasias, assessment of the fetal spine 
ossification centers can provide helpful clues to the specific diagnosis. The 
following cases are all lethal on the basis of pulmonary hypoplasia, as 
evidenced by short ribs and a small thoracic circumference. A, Short-rib 
polydactyly syndrome with normal ossification of all three spine ossifica-
tion centers (circle). B, Achondrogenesis with demineralization of all three 
spine ossification centers (circle). C, Hypophosphatasia with demineraliza-
tion of the posterior ossification centers but mineralization of the vertebral 
body (circle).
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geal fistula, renal agenesis and dysplasia, limb defects), 
cleidocranial dysplasia, campomelic dysplasia, and 
chromosome abnormalities. Three-dimensional ultra-
sound volume images aid in accurately counting the 
number of ribs (Fig. 40-7).

Ultimately, a detailed examination of each bone may 
be required to determine the fetal condition. Specific 
dysmorphic features of bones (e.g., clavicular or scapular 
hypoplasia; aplasia of fibula, tibia, or radius; platyspon-
dyly) can be helpful to further define a specific skeletal 
dysplasia. A detailed evaluation of the cardiovascular, 

four-chamber cardiac view, the ribs should normally 
encircle at least 70% to 80% of the thoracic circumfer-
ence.36 The ribs remain in a relatively horizontal plane, as 
does the cardiac axis, facilitating this evaluation. In a sagit-
tal view, a markedly narrowed anteroposterior (AP) diam-
eter of the thorax is associated with pulmonary hypoplasia.  
In the coronal view, a concave or bell-shaped contour is 
associated with pulmonary hypoplasia (Fig. 40-6).

The hands and feet are examined for deformities such 
as clubfoot or clubhand. A hitchhiker thumb, or 
abducted thumb, is associated with diastrophic dwarf-
ism. Fixed postural deformities may suggest the diagno-
sis of arthrogryposis multiplex congenita. Polydactyly 
is associated with short-rib polydactyly syndromes, 
Ellis–van Creveld syndrome, asphyxiating thoracic 
dystrophy and some chromosomal abnormalities.

The fetal cranium is assessed for the presence of 
macrocranium, frontal bossing, cloverleaf skull 
deformity, underlying brain abnormalities, and facial 
abnormalities, such as saddle nose, hypertelorism, and 
cleft lip and palate. An abnormal cranial contour may 
indicate craniosynostosis or premature fusion of the 
sutures. The most reliable sonographic sign of deminer-
alization is increased compressibility of the calvarium. 
This finding is typically present in osteogenesis imper-
fecta type II, achondrogenesis, and hypophosphata-
sia. The falx may appear abnormally bright or echogenic 
compared to the demineralized calvarium.

The ribs are assessed to ensure an adequate length, 
thus minimizing the risk of pulmonary hypoplasia, and 
are examined for abnormal number or appearance.37 The 
finding of an abnormal number of fetal ribs is an isolated 
finding of no clinical importance in the majority of 
cases,37 associated with minor anomalies in a smaller 
group (29%) and only occasionally associated with severe 
malformations. Associated syndromes include Poland 
syndrome, VACTERL association (vertebral abnormali-
ties, anal atresia, cardiac abnormalities, tracheoesopha-

FIGURE 40-6. Triplet B affected with campomelic dysplasia and pulmonary hypoplasia. Coronal ultrasound 
images of the thorax in triplet pregnancy at 27 weeks’ gestation. A, Normal triplet A shows normal convex contour of the thorax. Calipers 
measure the scapula. B, Triplet B shows a bell-shaped thorax. C, Radiograph of triplet B confirms a bell-shaped thorax consistent with 
pulmonary hypoplasia.

A B C

FIGURE 40-7. Normal ribs: 3-D ultrasound.
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such as low-set ears, facial dysmorphism, clubfoot,  
cleft lip/palate, or polydactyly. High-contrast structures 
such as the fetal skeleton are especially amenable to  
data manipulation. Early studies suggest that 3-D ultra-
sound may enhance diagnostic capability, especially for 
cranial, facial, skeletal, and body surface malforma-
tions40-42 (Fig. 40-8).

Additional Imaging

The role of prenatal radiography is limited. Typically, 
two films might be performed: an anteroposterior (AP) 
view, placing the fetus over the hollow of the pelvis,  
and an angulated view, with the fetus projected down, 
away from the sacrum. The appearance of short limbs of 
normal shape and the presence of growth recovery lines 

genitourinary, gastrointestinal (GI), and central nervous 
system (CNS) should be done concurrently with the 
musculoskeletal evaluation.

Dizygotic twin pregnancies are at similar risk for 
skeletal abnormalities as singleton pregnancies, and the 
frequency is increased two to three times in monozygotic 
twins. Both monozygotic and dizygotic twins can be 
discordant for genetic and nongenetic skeletal abnor-
malities. Twin pregnancies are generally discordant; 
overall, about 15% of twins are concordant for the same 
anomaly.38,39

Three-Dimensional Ultrasound

Surface-rendering capabilities are proving especially 
useful in elucidating potentially subtle fetal features, 

FIGURE 40-8. Collage of 3-D images. A, Normal skull at 22 weeks, frontal aspect. B, Femur and iliac bone at 22 weeks. 
C, Upper extremity at 22 weeks. D, Normal skull at 22 weeks, superior aspect. E, Face and skull at 22 weeks. F, Normal lower limb at 
22 weeks, profile. G, Wormian bones, posterior fontanelle. H, Hemivertebrae at 23 weeks. I, Osteogenesis imperfecta; note abnormally 
shortened, curved, and thickened femurs. (Courtesy Dr. Bernard Benoit.)
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In many fetal skeletal dysplasias, the skin and subcu-
taneous layers continue to grow at a rate proportionately 
greater than the long bones, resulting in relatively thick-
ened skin folds, on occasion mistaken for hydrops 
fetalis. Polyhydramnios is common and may be related 
to a variable combination of the following: esophageal 
compression by the small chest; GI abnormalities; micro-
gnathia or hypotonia.

The three most common lethal skeletal dysplasias  
are thanatophoric dysplasia; achondrogenesis, and osteo-
genesis imperfecta type II, overall accounting for 40% 
to 60% of all lethal skeletal dysplasias.4,7,47 We use a 
“key features’’ approach in assessing degree of microme-
lia, mineralization, presence of macrocranium, and eval-
uation of thoracic length and circumference to improve 
specificity and ease of diagnosis in lethal skeletal dyspla-
sias (Table 40-3).

Thanatophoric Dysplasia

Thanatophoric dysplasia is the most common lethal skel-
etal dysplasia, with a prevalence of 0.24 to 0.69 per 

can be useful in distinguishing severe IUGR from a 
skeletal dysplasia.29 In contrast, postnatal radiography 
plays an extremely important role in defining the char-
acteristic radiologic features found in many skeletal 
anomalies. Low-dose 3-D computed tomography (CT) 
scan may have a better diagnostic yield than 2-D ultra-
sound and may provide a valuable complementary diag-
nostic tool in the appropriate clinical situation43,44 (Fig. 
40-9). Postmortem 3-D CT scan may provide a “virtual 
autopsy,” particularly for patients who declined autopsy. 
Magnetic resonance imaging (MRI) plays a relatively 
limited role in fetal skeletal dysplasias. MRI plays an 
important role in cases with inconclusive ultrasound 
findings and for cases in which MRI is expected to 
provide important additional information that may 
change management.45

When the diagnosis remains unknown, the involve-
ment of specialists in skeletal dysplasias may be helpful 
in determining the diagnosis. It is crucial to obtain post-
natal radiographs, fetal DNA, and fibroblast culture to 
try and delineate the diagnosis, the gene, and gene muta-
tion. This may help in preimplantation or with prenatal 
diagnosis in future pregnancies.

LETHAL SKELETAL DYSPLASIAS

The lethal skeletal dysplasias are characterized by severe 
micromelia and small thoracic circumference with pul-
monary hypoplasia.46 The most important determinant 
of lethality is the presence and degree of pulmonary 
hypoplasia. In a prospective series by Krakow et al.,7 
lethality was accurately predicted in 96.8% of cases. This 
extremely high accuracy of the designation of a lethal 
skeletal dysplasia is important for the management of the 
current pregnancy and delivery.

IS THERE A LETHAL  
SKELETAL DYSPLASIA?

CHARACTERISTIC FEATURES
Severe micromelia
Pulmonary hypoplasia

DISTINGUISHING FEATURES
Abnormal mineralization
Fractures
Presence or absence of macrocranium
Thoracic length

SONOGRAPHIC ASSESSMENT OF BONES

Long Bones
Degree of limb shortening
Pattern of limb shortening
Degree of mineralization
Presence of fractures, bowing, or angulation
Abnormal shape or contour
Limb reduction anomalies
Hypoplastic or aplastic bones

Spine
Degree and pattern of demineralization
Platyspondyly
Segmentation or curvature anomalies
Caudal regression syndrome
Myelodysplasia

Thorax
Thoracic length and circumference
Hypoplastic ribs
Bell-shaped thorax of pulmonary hypoplasia
Convex contour in cross section

Hands and Feet
Postural deformities
Abnormal number of digits
Syndactyly

Calvarium
Macrocranium
Frontal bossing
Craniosynostosis
Compressibility/abnormal degree of mineralization

Facial Features
Cleft lip and palate
Hypertelorism and hypotelorism
Midface hypoplasia/flat nasal bridge
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bridge with midface hypoplasia. Occasionally, cranio-
synostosis results in a mild variant of cloverleaf skull 
deformity. Platyspondyly is present. In type 2 (TD2), 
usually caused by the K650E mutation in the FGFR3 
gene, the femurs are typically straight with flared 
metaphyses. The most specific feature is the cloverleaf 
skull, a trilobed appearance of the skull in the coronal 
plane that results from premature craniosynostosis of the 
lambdoid and coronal sutures (Fig. 40-12). Other condi-
tions that may be associated with this unusual skull 
deformity are homozygous achondroplasia, campomelic 
dysplasia, and trisomy 13. Both TD1 and TD2 are auto-
somal dominant conditions, with all cases caused by new 
mutations in the FGFR3 gene, which gene also causes 
hypochondroplasia, achondroplasia, severe achondropla-
sia with developmental delay, and acanthosis nigricans, 
as well as craniosynostosis.50,51

Thanatophoric dysplasia has many phenotypic simi-
larities to homozygous achondroplasia. Both condi-
tions may appear identical from ultrasound and 
radiographic perspectives. They can be distinguished by 
the positive family history,46 in which both parents are 
affected with the heterozygous form of achondroplasia 
(Fig. 40-13). Another condition presenting with bowed 
tubular bones is campomelic dysplasia, which is distin-
guished from thanatophoric dysplasia by a moderate and 
bowed form of micromelia, typically affecting the tibias 
with characteristic associated anomalies.

Platyspondyly, or flattened vertebral bodies, is one of 
the most characteristic features on AP radiographs of a 
thanatophoric dwarf (see Fig. 40-10, A). There is a U or 
H configuration of the vertebral bodies and a relatively 
increased height of the disc spaces. Platyspondyly appears 
on ultrasound as a wafer-thin vertebral body with a 
relatively larger, hypoechoic disc space on either side of 
the vertebral body (Fig. 40-14). The ratio of vertebral 
body height to vertebral interspace (disc and body) in 
thanatophoric dysplasia is lower than in normal cases. 
Platyspondyly may also occur in cases of achondrogen-
esis and OI type II.29,46

Associated CNS findings may include holoprosen-
cephaly, agenesis of the corpus callosum, polymicrogyria, 
heterotopia, and ventriculomegaly. Other anomalies may 
include horseshoe kidneys, hydronephrosis, congenital 
heart disease (atrial septal defect and tricuspid insuffi-
ciency), radioulnar synostosis, and imperforate anus.52

FIGURE 40-9. Three-dimensional CT reconstruc-
tion of calvarium in osteogenesis imperfecta type 
1. Multiple wormian bones are present in this 3-D surface-
rendered CT reconstruction in a 4-week-old neonate.

F

TABLE 40-3. SEVERE MICROMELIA WITH DECREASED THORACIC CIRCUMFERENCE

MINERALIZATION FRACTURES MACROCRANIA SHORT TRUNK

Thanatophoric dysplasia*† Normal No Yes No
Achondrogenesis Patchy demineralization Occasional Yes Yes
Osteogenesis imperfecta type II Generalized demineralization Innumerable No Yes
Hypophosphatasia congenita Patchy or generalized demineralization No No No

*Homozygous achondroplasia is similar to thanatophoric dysplasia but distinguishable because both parents are affected with the heterozygous form of achondroplasia.
†Short-rib polydactyly dysplasias are similar to thanatophoric dysplasia, but no macrocrania or polydactyly is present.

10,000 births. The key features are severe micromelia 
with rhizomelic predominance and macrocrania (dis-
proportionately large head) in association with decreased 
thoracic circumference but a normal trunk length. Min-
eralization is normal, with no fractures present. Typi-
cally, the extremities are so foreshortened that they 
protrude at right angles to the body. The skin folds are 
thickened and redundant secondary to a relatively greater 
rate of growth of the skin and subcutaneous layers than 
the bones. Clinical presentation is usually caused by 
large-for-date measurements secondary to polyhydram-
nios (Figs. 40-10 and 40-11; Video 40-1).

Langer et al.48 distinguished two types of thanato-
phoric dysplasia. The more common type 1 (TD1), 
usually caused by the R248C and Y373C mutations in 
the fibroblast growth factor receptor 3 (FGFR3) gene, 
displays the typical “telephone receiver’’ shape of the 
extremities49,50 (see Fig. 40-2, H). This bowed or curved 
appearance is secondary to the broadened metaphyses at 
the ends of the severely shortened tubular bones. TD1 
is associated with frontal bossing and a flattened nasal 
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FIGURE 40-11. Thanatophoric dysplasia at 22 weeks. A, Profile; midface hypoplasia with flat nasal bridge. B, Sagittal 
sonogram shows disproportionately narrow thorax and relatively protuberant abdomen, signifying lethal condition on the basis of pulmo-
nary hypoplasia. C, Short curved femur. D, Sparing of foot length versus extreme shortening of tibia. (Courtesy Fetal Assessment Unit, 
University Health Network.)
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FIGURE 40-10. Thanatophoric dysplasia at 33 weeks. A, Anteroposterior (AP) radiograph shows normal mineralization, 
short curved extremity bones, severe platyspondyly with U-shaped vertebral bodies, and narrow thorax with short ribs. B, AP specimen 
photograph shows severe micromelia with relative sparing of the feet, telescoping of the redundant skin folds, and small, bell-shaped 
thorax. C, Profile specimen photograph shows macrocranium, frontal bossing, and flattened nasal bridge.

A B C
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FIGURE 40-12. Cloverleaf deformity of thanatophoric dysplasia. A, Severe variant. B, Mild variant. (Courtesy Greg 
Ryan, MD, University of Toronto.)

A B

FIGURE 40-13. Homozygous achondroplasia at 34 weeks. A, Lateral profile is similar to thanatophoric dysplasia with 
macrocranium, frontal bossing, and flat nasal bridge. B, Axial image through the orbits (calipers denote outer orbital diameter) and nasal 
bones confirms a flat nasal bridge.

A B

FIGURE 40-14. Thanatophoric dys-
plasia at 33 weeks. A, Platyspondyly 
appears on ultrasound as a wafer-thin vertebral 
body (arrows) with relatively larger hypoechoic 
intervertebral disc space on either side of the 
vertebral body. B, Correlative lateral spine 
radiograph. Note the short ribs with wide-
cupped metaphyseal ends.

A B
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ossification of the calvarium, vertebral bodies, and sacral 
and pubic bones. Because of the extremely limited skel-
etal frame, the subcutaneous tissues can appear gro-
tesquely redundant, with multiple telescoped skin folds 
that may be mistaken prenatally for hydrops fetalis.

Type 2 (ACH2), or the Langer-Saldino form, accounts 
for 80% of achondrogenesis cases. It is caused by new 
dominant mutations in the COL2A1 gene that encodes 
type II collagen and has a very small recurrence risk. It 
is characterized by normal calvarial ossification and by 
absent ossification in the vertebral column and sacral and 
pubic bones (Fig. 40-15). ACH2 has the most complete 
lack of ossification of the vertebral column of all the 
skeletal dysplasias. The Langer-Saldino form demon-
strates relatively longer tubular bones and body length 
in association with increased survival. Hypochondro-
genesis is phenotypically similar but less severe with 
better ossification of the spine, pelvis, and long bones. 
Another condition to differentiate is Kniest dysplasia, 
characterized by vertebral coronal clefts and metaphyseal 
expansion (most prominent in the proximal femurs).1

These two key features of achondrogenesis—abnor-
mal mineralization and shortened trunk length—distin-
guishes it from thanatophoric dysplasia, which has 
normal mineralization and a normal trunk length. Both 
display macrocrania and severe micromelia.

Osteogenesis Imperfecta

Osteogenesis imperfecta is a clinically and genetically 
heterogeneous group of collagen disorders characterized 
by brittle bones resulting in fractures. The incidence is 

Achondrogenesis

Achondrogenesis is the second most common lethal skel-
etal dysplasia, with a prevalence of 0.09 to 0.23 per 
10,000 births. It is a phenotypically and genetically 
diverse group of chondrodysplasias characterized by 
severe micromelia, macrocranium, decreased thoracic 
circumference and trunk length, and decreased mineral-
ization.52,53 The pattern of demineralization is most 
marked in the vertebral bodies, ischium, and pubic 
bones, leading to a greatly shortened trunk length, 
decreased thoracic circumference, and occasional frac-
tures.54 Classically, because of predominant demineral-
ization of the vertebral body, only the two echogenic 
posterior elements or neural arches appear in a transverse 
image of the spine. This is in contrast to hypophospha-
tasia congenita, in which the predominant spine demin-
eralization involves the posterior elements, with only 
patchy involvement of the vertebral bodies. Polyhydram-
nios and thick, redundant skin folds are a common 
accompaniment of achondrogenesis.55

Type 1 achondrogenesis accounts for about 20% of 
cases and is divided into A and B subtypes (ACH1A and 
ACH1B).6,53 ACH1A includes rib fractures, which are 
not present in ACH1B. Both are autosomal recessive in 
inheritance and thus have a 25% recurrence risk, but the 
genetic defect in ACH1A remains unknown. ACH1B is 
caused by mutations in the diastrophic dysplasia sulfate 
transporter gene. Both ACH1A and ACH1B have a 
severe form of micromelia, evidenced by short, cuboid 
bones and metaphyseal scalloping with bone spurs at  
the periphery. There is partial or complete lack of  

FIGURE 40-15. Achondrogenesis at 18 weeks. A, Coronal sonogram shows small thorax, redundant subcutaneous tissues, 
absent spine ossification (arrows), and decreased calvarial ossification. B, Postmortem radiograph demonstrates macrocranium, decreased 
calvarial ossification, virtually absent spine ossification (only some posterior elements are ossified in the cervical region). There is severe 
micromelia with strikingly short wide bones with metaphyseal spurs. The ribs are short and horizontal with splayed ends. (Courtesy Shia 
Salem, MD, University of Toronto.)
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Prenatal diagnosis is possible based on DNA from 
chorionic villus sampling (CVS)56 or amniotic fluid cells 
from amniocentesis. A modification of the Sillence clas-
sification, based on skeletal radiographic findings, is still 
used most often to distinguish the subtypes of OI.57,59 
The Sillence classification has become less clinically 
useful as the molecular abnormalities associated with OI 
are elucidated. According to genetics subclassification, 
the key features are the specific molecular abnormality, 
inheritance pattern, and clinical features, such as blue 
sclerae and opalescent teeth, and the prognosis.59

Osteogenesis imperfecta type II is the classic neonatal 
lethal form and usually results from a new, dominant 
null mutation in the COL1A1 gene.59 The empiric recur-
rence risk is 6%, most of which are caused by parental 
germline and somatic mosaicism but can also be the 
results of one of the autosomal recessive forms of OI, 
identified previously as type II. Multiple repetitive in 
utero fractures occur secondary to defective collagen for-
mation, which results in osseous fragility. Prevalence of 
OI type II is 0.18 per 10,000 births. Most cases are 
sporadic and can be detected on prenatal ultrasound. 
The key features are severe micromelia, decreased tho-
racic circumference and trunk length, decreased miner-
alization, and multiple bone fractures. The cranial vault 
remains normal in size (Fig. 40-16).

The generalized demineralization results in innumer-
able fractures (Fig. 40-17). The tubular bones exhibit a 
classic “accordion” or wrinkled contour caused by mul-
tiple in utero fractures with repetitive callus formation. 
Angulation and bowing are common in association with 
severe micromelia (see Fig. 40-2, F ). On ultrasound, the 

1 : 60,000 births. Until recently there were four types of 
OI, all with an autosomal dominant mode of inheritance 
and associated with mutations in the COL1A1 or 
COL1A2 genes. In the past several years a few more 
conditions that can be categorized phenotypically into 
one of the four categories identified by Silence et al.,56,57 
but of a different etiologies and some with autosomal 
recessive modes of inheritance, have been detected (Table 
40-4). Nonclassical types of OI, phenotypically indistin-
guishable from type IV and etiologically noncollagenous, 
have been identified. Type V also has a triad of callus 
formation, dense metaphyseal bands, and ossification of 
the interosseous membranes of the forearm and has an 
autosomal dominant mode of inheritance. Type VI is of 
an unknown inheritance and is diagnosed on the basis 
of a unique histological feature of “fish scale” appearance 
of bone and elevated alkaline phosphatase. Three auto-
somal recessive conditions caused by a defect in collagen 
prolyl 3-hydroxylation complex have also been identi-
fied. OI types VII and VIII have manifestations similar 
to OI types II and III. Those with type VII also have a 
small head circumference, exophthalmus, and white or 
light gray sclera. Type VIII is typically more common  
in people of West African origin. Type VII is caused by 
a mutation in the gene CRTAP (cartilage-associated 
protein), and type VIII is caused by a mutation in the 
P3H1/LEPRE1 gene. OI type IX has recently been delin-
eated as an autosomal recessive condition with clinical 
manifestations similar to types IV or III and is associated 
with white sclera and a mutation in the peptidyl-prolyl 
isomerase B gene (PPIB), which results in a lack of 
cyclophilin B (CyPB).58

TABLE 40-4. CLASSIFICATION OF OSTEOGENESIS IMPERFECTA BY TYPE

TYPE CLINICAL FEATURES
PRENATAL 
FINDINGS PROGNOSIS INHERITANCE 

MOLECULAR 
ABNORMALITIES

I Normal stature, little or no 
deformity, blue sclera, hearing 
loss in 50% of cases

Type IA: normal teeth
Type IB: opalescent teeth

Occasionally, short and 
bowed long bones 
and fractures

Fair Autosomal dominant Non-sense or frameshift 
mutations in 
COL1A1 gene

II Lethal; hypomineralization of the 
skull, beaded ribs, compressed 
femurs, marked long-bone 
deformity, blue sclera, 
triangular face, platyspondyly

Severe micromelia
Rib and long-bone 

fractures
Hypomineralization of 

skull

Lethal Autosomal dominant 
(new mutations)

Parental gonadal 
mosaicism responsible 
for recurrence

Glycine missense 
mutation in COL1A1 
or COL1A2 genes

III Usually with long-bone fractures; 
moderate deformity at birth 
but progressively deforming 
bones; triangular face, blue 
sclera, opalescent teeth, hearing 
loss, short stature

Occasionally, short and 
bowed long bones 
and fractures

Wheelchair bound, 
nonambulatory

Autosomal dominant
Parental gonadal 

mosaicism responsible 
for recurrence

Autosomal recessive 
(rare)

Glycine missense 
mutation in COL1A1 
or COL1A2 genes

IV Mild to moderate bone deformity 
and variable short stature; 
opalescent teeth in type IVB; 
hearing loss occurs in some 
families; white sclera

Occasionally, short and 
bowed long bones 
and fractures

Fair Autosomal dominant
Parental gonadal 

mosaicism responsible 
for recurrence

Glycine missense 
mutation in COL1A1 
or COL1A2 genes

Modified from Sillence DO, Senn A, Danks DM. Genetic heterogeneity in osteogenesis imperfecta. J Med Genet 1979;16:101-116.
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after 17 weeks excludes this diagnosis. The diagnosis may 
be made as early as 13 to 15 weeks’ gestational age.

Osteogenesis types I, III, and IV are further described 
in the section on nonlethal skeletal dysplasias.

Hypophosphatasia

Hypophosphatasia congenita, the lethal neonatal form 
of hypophosphatasia, is an autosomal recessive skeletal 
dysplasia caused by a deficiency of tissue-nonspecific 
alkaline phosphatase mapped to 1p36.1-p34.60 Fre-
quency of hypophosphatasia congenita is approximately 
1 in 100,000 births. The key features are severe micro-
melia, decreased thoracic circumference with normal 
trunk length, and decreased mineralization with occa-
sional fractures. Cranial vault size remains normal.

The demineralized long bones may be bowed with 
occasional angulations caused by fractures. The bones 
appear thin and delicate and may appear entirely absent. 
The cranial vault fails to mineralize and may be com-
pressible under locally applied transducer pressure. In 
contrast to OI, the demineralization in hypophosphatasia 
congenita can vary from a patchy distribution to a diffuse 
form with severe involvement of the spine and calvarium. 
The ribs are short, resulting in a decreased thoracic cir-
cumference, but the trunk length is normal. There is no 
macrocrania; polyhydramnios is a common finding.

The main differential diagnosis is OI type II. Both 
hypophosphatasia and OI display a severe form of micro-
melia, demineralization, decreased thoracic circumfer-
ence, and a normal-sized cranial vault that is compressible 
due to demineralization. In OI type II, the greater degree 
of osseous fragility results in innumerable fractures and 
a thickened, wavy appearance of the bones, in contrast 
to the thin, delicate appearance of the bones in hypo-
phosphatasia congenita. The normal trunk length and 
cranial vault size can aid in distinguishing hypophospha-
tasia from achondrogenesis. Typically, in hypophospha-
tasia congenita, the posterior elements are poorly ossified, 
whereas in achondrogenesis, the vertebral bodies are 
maximally affected by demineralization with relative 
sparing of the posterior elements61 (Fig. 40-20). The 
cartilage is normally formed in hypophosphatasia; thus 
the fetus has a more normal gross appearance, despite 
severe bony abnormalities helping to distinguish it from 
the other lethal skeletal dysplasias.

Campomelic Dysplasia

Campomelic dysplasia, or bent-limb dysplasia, is a 
rare autosomal-dominant condition that usually results 
from a new dominant mutation in the SOX9 gene (sex-
determining protein homeobox 9 mapped to 17q24.3). 
The incidence is 0.5 to 1.0 per 100,000 births. Most 
cases are lethal because of respiratory insufficiency from 
laryngotracheomalacia in combination with a mildly 
narrowed thorax.

bones may appear thickened because demineralized bone 
reflects sound waves less than a normally ossified bone. 
Acoustic shadowing may be present, absent, or dimin-
ished and thus is an unreliable sign. Multiple rib frac-
tures cause the lateral chest contour to be concave rather 
than convex. The concavity is often most evident at the 
lateral thorax, and it is speculated that the elbows “bash” 
in the fragile rib cage. The ribs are hypoplastic, thus 
appearing shortened. The ribs may have a continuous, 
beaded, or wavy appearance secondary to repetitive frac-
tures and callus formation. Platyspondyly secondary to 
multiple compression fractures may be present. Demin-
eralization of the cranial vault can be observed by looking 
for a localized deformation of the cranial vault under 
gentle transducer pressure (Fig. 40-18) and the bright 
falx sign, in which the falx appears brighter or more 
echogenic than the demineralized cranial vault, with 
unusual clarity of detail in the near field. Large fonta-
nelles and wormian bones may be noted (Fig. 40-18). 
The cranial vault is normal in size. Micrognathia is com-
monly present (Fig. 40-19).

The three criteria or a specific diagnosis of OI type II 
are (1) FL greater than 3 SD below the mean, (2) demin-
eralization of the calvarium, and (3) multiple fractures 
within a single bone.59 A normal ultrasound examination 

FIGURE 40-16. Osteogenesis imperfecta type IIA 
at 32 weeks. Postmortem radiograph shows severe microme-
lia; thickened bones with wavy contours caused by innumerable 
fractures and exuberant callus formation; shortened ribs with mul-
tiple fractures; and platyspondyly.
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FIGURE 40-17. Osteogenesis imperfecta (OI): spectrum of appearances of fractures. A, Type IIA. Two-dimen-
sional ultrasound image of extremely shortened femur with at least two bone deformities, consistent with fractures. Note redundant overly-
ing soft tissues. B, Correlative 3-D ultrasound image demonstrates a midshaft fracture with callus formation. C, Type I. Nonlethal variant 
of OI with a mildly angulated femur of normal length. D, Correlative 3-D ultrasound image demonstrates the angulated healed fracture. 
E, Type III. Multiple fractures in the mildly to moderately shortened femur are evidenced by multiple discontinuities in the cortex. The 
demineralized shaft permits visualization of the thickened cortex. F, Type II. Extremely short and thickened femur resulting from repeti-
tive callus formation. Acoustic shadowing is still present in this demineralized fragile bone, and thus its presence is not a reliable sign of 
normal mineralization. G, Type II. At least two discontinuities are present in the shortened tibia (arrows), consistent with fractures. Note 
acoustic shadowing present despite generalized demineralization. H, Type II. Cross section of the thorax demonstrates a typical concavity 
noted at the lateral aspect of the thorax. This may be caused by repetitive in utero fractures as the elbows “hit” the fragile rib cage.  
I, Type II. Cross section of the thorax demonstrates normal-length ribs with multiple fractures within each rib, resulting in a wavy contour.
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FIGURE 40-18. Osteogenesis imperfecta type IIA at 17 weeks. A, Rounded head contour. B, Gentle transducer compres-
sion on the demineralized calvarium results in flattening of the cranial contour. Note widened fontanelles and sutures, as well as ease of 
visualization of intracranial contents in the near field (which would usually have artifacts caused by shadowing from the ossified skull).
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FIGURE 40-19. Facial profile: normal versus osteogenesis imperfecta. A, Normal profile of a 14-week fetus. B, Facial 
profile of a 14-week fetus affected by OI. Note the absent calvarial and nasal ossification and micrognathia.

A B

FIGURE 40-20. Hypophosphatasia congenita at 18 weeks. A, Sagittal image of the spine demonstrates absent ossification 
of posterior elements of the vertebrae. Patchy form of spine demineralization with absent ossification of a cervical vertebral body (arrow). 
Note narrow anteroposterior (AP) diameter of thorax. Inset, Cross-sectional image of the upper abdomen with absent ossification of 
posterior elements of the spine (arrow) and vertebral body maintaining ossification. B, AP radiograph confirms absent mineralization of 
a cervical vertebral body, with absent ossification of posterior elements of the vertebrae. Additional findings include hypoplastic ribs, 
occasional fractures, micromelia, and decreased cranial vault mineralization. C, Lateral radiograph confirms absent mineralization of 
posterior elements of the spine.

A B C
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Thanatophoric dysplasia is distinguished by the absence 
of polydactyly and the presence of the typical facial fea-
tures, macrocrania, and platyspondyly. Ellis–van Creveld 
syndrome (Fig. 40-22) and asphyxiating thoracic dys-
trophy have similar features, but the shortening of the 
limbs and the narrowing of the thorax are less severe.

The short-rib polydactyly syndromes are subdivided 
into four groups: type I—Saldino-Noonan; type II—
Majewski; type III—Verma-Naumoff; and type IV—
Beemer-Langer (which can occur without polydactyly).60,63 
Radiographic and clinical features can distinguish them. 
The genetic basis remains unknown, and thus prenatal 
diagnosis relies on ultrasound findings.

Fibrochondrogenesis is a rare, lethal, autosomal 
recessive rhizomelic chondrodysplasia. The typical fea-
tures include narrow chest (short ribs with cupping), 
short long bones with irregular metaphyses with periph-
eral spurs, and extra-articular calcifications giving the 
appearance of stippling, platyspondyly with decreased 
ossification (particularly cervical vertebrae), and vertebral 
midline clefts. Other features include flat facies and cleft 
palate.64,65

Other Dysplasias

Other lethal skeletal dysplasias include atelosteogenesis, 
boomerang dysplasia, de la Chapelle dysplasia, and 
Schneckenbecken dysplasia. These are rare and diffi-
cult to diagnose, specifically on ultrasound.

The characteristic skeletal features of campomelic dys-
plasia are a short and ventrally bowed tibia and femur, 
a hypoplastic or absent fibula, talipes equinovarus (club-
foot), and hypoplastic scapulae (Fig. 40-21). Bowing 
may also occur in the upper extremities. Additional  
skeletal features may include scoliosis; hypoplastic,  
hypoplastic, or poorly ossified cervicothoracic vertebrae; 
dislocated hips; 11 rib pairs; and facial abnormalities, 
including micrognathia and cleft palate (Pierre Robin 
sequence). Approximately 33% of fetuses have congeni-
tal heart disease (CHD) and brain (e.g., ventriculomeg-
aly) and renal (e.g., pyelectasis) abnormalities.

Sex reversal is found in about 75% of the affected 
46,XY cases, with a gradation of defects ranging from 
ambiguous genitalia to normal female genitalia pheno-
type. The gene responsible for campomelic dysplasia  
is expressed in the fetal brain, the testes, and the  
perichondrium and chondrocytes of the long bones  
and ribs.62

Short-Rib Polydactyly Syndromes

Short-rib polydactyly dysplasias are a heterogeneous 
group of rare and lethal skeletal dysplasias with an  
autosomal recessive mode of inheritance. All forms are 
characterized by severe micromelia and decreased tho-
racic circumference. The cranial vault measurements  
and bone mineralization are normal. Polydactyly, cardiac, 
and genitourinary abnormalities are found in most cases.

FIGURE 40-21. Campomelic dysplasia at 27 weeks. 
A, Shortened femur and tibia with ventral bowing. B, Radiograph 
confirms ventral bowing of the shortened tibia and femur.  
C, Short and curved dysplastic scapula.
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FIGURE 40-22. Collage of polydactyly. A, Ellis–van Creveld syndrome. Postaxial polydactyly on cross section through six 
digits. B, Corresponding radiograph shows postaxial polydactyly. Note hypoplastic distal phalanges and fusion of the third and fourth 
metacarpals. C, Corresponding pathology specimen. D, Polydactyly may present as a soft tissue nubbin with no bony elements. E, Ellis–
van Creveld with toe polydactyly. F, 3-D ultrasound image shows isolated familial polydactyly.
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NONLETHAL OR VARIABLE-
PROGNOSIS SKELETAL 
DYSPLASIAS

The nonlethal or variable prognosis skeletal dysplasias 
form a larger group typically presenting with milder and 
later onset of skeletal abnormalities. Select nonlethal or 
variable-prognosis skeletal dysplasias with characteristic 
ultrasound findings are described in Tables 40-5, 40-6, 
and 40-7.

Heterozygous Achondroplasia

Heterozygous achondroplasia is the most common  
nonlethal skeletal dysplasia.4 About 80% of cases are 
the result of a spontaneous dominant mutation asso-
ciated with advanced paternal age, and the remainder is 
inherited from parental heterozygous achondroplasia. 
The incidence is approximately 1 in 26,000 births. Pre-
viously considered a diagnosis of the third trimester, 
recent studies have shown that a second-trimester diag-
nosis is possible.66,67

The key features are mild to moderate forms of rhi-
zomelic limb shortening (more prominent in upper 
limbs), macrocranium, frontal bossing, depressed nasal 
bridge, midface hypoplasia, and brachydactyly, with a 

trident configuration of the hand. The biparietal diam-
eter (BPD) typically is above the 97th centile at term. 
The interpedicular distances progressively narrow from 
the upper to the lower lumbar spine. There is a progres-
sive discrepancy between FL and BPD during the third 
trimester, with FL falling below the first percentile com-
pared to BPD67 (Fig. 40-23). This may occur as early as 
21 weeks or as late as 27 weeks’ gestational age.

It is important to recognize that the pattern of BPD 
greater than expected with FL less than expected for ges-
tational age, in combination with average abdominal 
circumference measurements, suggests heterozygous 
achondroplasia. A reliance on the mean of the three values 
may result in an average value for gestational age, thus 
masking the BPD/FL discrepancy. Patel and Filly66 report 
that fetuses with heterozygous achondroplasia have FL 
that exceeds 34 mm at 26 weeks’ BPD age, whereas those 
with homozygous achondroplasia do not. In cases where 
both parents are heterozygous achondroplasia, fetal ultra-
sound can differentiate among normal, heterozygous, and 
homozygous achondroplasia. Fetuses with FL below the 
third percentile compared with the BPD at 17 weeks’ 
BPD age, with progressive shortening over the following 
6 weeks, have homozygous achondroplasia, whereas those 
with decreasing FL between 17 and 23 weeks’ BPD age 
have heterozygous achondroplasia.66
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TABLE 40-5. RHIZOMELIC DYSPLASIA: KEY FEATURES

DYSPLASIA PROGNOSIS
DEGREE OF LIMB 

SHORTENING KEY SONOGRAPHIC FEATURES

Heterozygous achondroplasia Nonlethal Mild Progressive discrepancy in femur length and biparietal 
diameter

Chondrodysplasia punctata, 
rhizomelic form

Lethal Moderate-severe Stippled epiphysis in third trimester

Diastrophic dysplasia Variably lethal Mild-moderate Hitchhiker thumb, postural deformities, dislocations, 
joint contractures, clubfoot

TABLE 40-6. MICROMELIC DYSPLASIA, 
MILD: KEY FEATURES

DYSPLASIA PROGNOSIS
KEY SONOGRAPHIC 

FEATURES

Asphyxiating 
thoracic 
dystrophy

May be lethal Long narrow thorax, renal 
anomalies (cystic dysplasia), 
polydactyly (14%)

Ellis–van Creveld 
syndrome

May be lethal Long narrow thorax, 
congenital heart disease 
(50% atrial septal defect), 
polydactyly (100%)

TABLE 40-7. MICROMELIC DYSPLASIA, 
MILD AND BOWED: KEY FEATURES

DYSPLASIA PROGNOSIS
KEY SONOGRAPHIC 

FEATURES

Osteogenesis 
imperfecta 
type III

Nonlethal, 
progressively 
deforming

Lower extremities demonstrate 
greater degree of shortening 
and fractures/bowing

Campomelic 
dysplasia

Variably lethal Ventral-bowing femur and 
tibia, hypoplastic or absent 
fibula, hypoplastic scapulas

FIGURE 40-23. Femur length (FL) versus biparietal 
diameter (BPD). Seven cases of recurrent heterozygous 
achondroplasia. The FL falls below the 99% confidence limit 
(CL) by the time the BPD corresponds to 27 weeks’ gestational 
age (~69 mm). (From Kurtz AB, Filly RA, Wapner RJ, et al. In 
utero analysis of heterozygous achondroplasia: variable time of onset 
as detected by femur length measurements. J Ultrasound Med 
1986;5:137-140.)
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The identification of the gene responsible for achon-
droplasia, FGFR3, mapped to the short arm of chromo-
some 4, has allowed the early prenatal diagnosis by DNA 
analysis by CVS when the parents are heterozygous for 
achondroplasia.51

Diastrophic Dysplasia

Diastrophic dysplasia is an autosomal recessive disorder 
with variable expression and a predominantly rhizomelic 
form of micromelia. The term diastrophic implies 
“twisted,’’ which reflects the multiple postural deformi-
ties, dislocations, joint contractures, and kyphoscoliosis 
present.1 The most characteristic feature is the “hitch-
hiker thumb,’’ caused by a lateral positioning of the 
thumb in association with a hypoplastic first metacarpal 
(Fig. 40-24). The first toe may have similar positioning. 
There is a severe talipes equinovarus (clubfoot), which 
may be refractory to surgical treatment. Other features 
include micrognathia, cleft palate (50%), and laryn-
gotracheomalacia. The life span may be normal if the 
progressive kyphoscoliosis does not compromise cardio-
pulmonary function. The diastrophic dysplasia gene was 
mapped to the long arm of chromosome 5 and found to 
encode a novel sulfate transporter. Mutations in the 
same gene were reported in ACH1B and atelosteogenesis 
type II.68,69

Asphyxiating Thoracic Dysplasia

Asphyxiating thoracic dysplasia, or Jeune syndrome, is 
an autosomal recessive disorder with variable expressiv-
ity. The incidence is 1 in 70,000 to 130,000 births. The 
perinatal mortality is high as a result of pulmonary hypo-
plasia. Those who survive may develop renal and hepatic 
fibrosis1,68 (see Table 40-7). Key features are a mild to 
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melic chondrodysplasia punctata, Conradi-Hünermann 
syndrome, and Zellweger syndrome (cerebrohepatorenal 
syndrome); chromosomal abnormalities such as trisomy 
21 and 18; maternal autoimmune diseases; and teratogen 
exposure (e.g., warfarin, alcohol).70,71

Rhizomelic chondrodysplasia punctata is an autoso-
mal-recessive condition caused by a peroxisomal disorder 
that appears as severe, symmetrical, predominantly rhi-
zomelic limb shortening.60,72 The incidence is approxi-
mately 1 in 110,000 births, and it is generally lethal 
before the second year of life. The humeri tend to be 
relatively shorter than the femurs and have metaphyseal 
cupping. The enlarged epiphyses with characteristic stip-
pling may occasionally be identified on ultrasound in the 
third trimester (Fig. 40-25; see also Fig. 40-2, I ). Other 
abnormalities include dysmorphic facial features, joint 
contractures, coronal clefting of the vertebral bodies, 
brain abnormalities, and severe mental retardation.

Conradi-Hünermann syndrome, or the nonrhizo-
melic form of chondrodysplasia punctata (CDPX2), is 
an X-linked dominant condition with extreme pheno-
typic variations, rendering the antenatal diagnosis diffi-
cult in the absence of known family history. The widely 
variable phenotypic presentation may be related to 
random X inactivation.73,74 CDPX2 is uncommon, with 
X-linked dominant inheritance and possible lethality in 

moderate form of micromelia (60%) with rhizomelic 
predominance, a long narrow thorax with short horizon-
tal ribs, inverted “handlebar” appearance of the clavicles, 
renal dysplasia and cysts, and postaxial polydactyly  
in 14%.

Ellis–van Creveld Syndrome

Ellis–van Creveld syndrome, or chondroectodermal 
dysplasia, is an autosomal-recessive disorder with an 
incidence of 1 per 150,000 births. The condition has a 
high prevalence among inbred populations, such as the 
Amish and the Arabs of the Gaza strip.60 It is generally 
a nonlethal disorder, but death can result from pulmo-
nary hypoplasia.33,60 Key features include mild to moder-
ate form of micromelia with a mesomelic predominance, 
short horizontal ribs, postaxial or ulnar polydactyly1 (see 
Fig. 40-22) that is almost 100% in the hands and 25% 
in the feet,52 and CHD (50%), most often atrial septal 
defect. Additional findings include a progressive distal-
ward shortening of the extremities with hypoplastic 
distal phalanges. Fusion of the metacarpals and phalan-
ges is common. The presence of polydactyly, CHD, and 
the absence of renal cysts help to distinguish this condi-
tion from asphyxiating thoracic dystrophy.

Chondrodysplasia Punctata

Chondrodysplasia punctata, or stippled epiphyses, is a 
heterogeneous group of disorders with many small cal-
cifications (ossification centers) in the cartilage, in the 
ends of bones, and around the spine. Known associated 
conditions include single-gene disorders such as rhizo-

FIGURE 40-25. Chondrodysplasia punctata, rhizo-
melic form. Radiograph demonstrates stippled calcification 
within the epiphyseal and paravertebral cartilages. Humeri are 
very short, the femurs are relatively short.

FIGURE 40-24. Diastrophic dysplasia with “hitch-
hiker thumb.” (Courtesy Fetal Assessment Unit, University 
Health Network.)

Thumb
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FIGURE 40-26. Dyssegmental dysplasia in stillborn 
fetus. AP radiograph demonstrates anisospondyly, character-
ized by the varying size and shape of vertebral bodies. The “over-
size” large vertebral bodies are characteristic. Note the shortened, 
wide, and angulated tubular long bones with a characteristic 
dumbbell configuration. Small thorax with short ribs is associated 
with pulmonary hypoplasia.

Osteogenesis Imperfecta Types  
I, III, IV—Nonlethal Types

Osteogenesis imperfecta type I is a mild, “tarda’’ variant 
inherited in an autosomal dominant manner as a result 
of mutation in the COL1A1 (on chromosome 17) or 
COL1A2 (on chromosome 7) and possibly in other col-
lagen genes. OI type I is a generalized connective tissue 
disorder characterized by bone fragility and blue sclerae. 
The bones are of normal length, and only 5% present at 
birth with fractures. Most fractures occur from child-
hood to puberty. There is progressive hearing loss in 
approximately 50% of type I cases. Type III has a het-
erogeneous mode of inheritance. This is a nonlethal, 
progressively deforming variety of OI that often spares 
the humeri, vertebrae, and pelvis. Rib involvement is 
variable. The blue sclerae will normalize, and there is no 
associated hearing impairment. Type IV is an autosomal 
dominant form of OI. It is the mildest form, involving 
isolated fractures. The sclerae are blue at birth but  
normalize over time. There is no associated hearing 
impairment.

LIMB REDUCTION DEFECTS AND 
ASSOCIATED CONDITIONS

This heterogeneous group of disorders is associated with 
a spectrum of limb defects caused by chromosomal 
abnormalities, single-gene disorders, and maternal expo-
sures and diseases, causing a variety of limb defects. 
There are three major categories of limb reduction 
defects. A malformation is a defect resulting from an 
abnormal developmental process. A deformation is an 
abnormality of form, shape, or position caused by 
mechanical forces. A disruption is a defect caused by the 
extrinsic breakdown or interference with an originally 
normal developmental process. The defect can consist of 
the absence of an entire limb (amelia), of part of a limb 
(phocomelia), or of digits (oligodactyly), or it can 
involve an increased number of digits (polydactyly).76 
It can also affect only the radial ray or ulnar ray, with 
or without involvement of the corresponding fingers 
(Table 40-8).

The overall incidence of congenital limb reduction 
deformities is estimated at 0.40 per 10,000 births. An 
isolated amputation may be caused by amniotic band 
sequence, teratogen exposure, or a vascular accident. 
Overall limb abnormalities are detected prenatally in 
approximately 45% of cases diagnosed postnatally.77

Proximal Focal Femoral Deficiency

Proximal focal femoral deficiency is a rare, sporadic con-
dition, and 35% of those affected are infants of diabetic 
mothers52 (see Fig. 40-2, C ). There is an asymmetrical 
degree of absence of the subtrochanteric femur, which 

the hemizygous male (Xp11).73 The characteristic skel-
etal abnormalities are asymmetrical shortening of the 
extremities with punctate calcifications primarily affect-
ing the ends of long bones, the carpal and tarsal regions, 
paravertebral region, and pelvic bones. Stature is usually 
reduced; kyphoscoliosis with shortening of the long 
bones (particularly femur and humerus) and dysmorphic 
facial features are common.71

Dyssegmental Dysplasia

Dyssegmental dysplasia is a rare autosomal recessive skel-
etal dysplasia characterized by gross vertebral disorgani-
zation. The findings typically include micromelia, short 
narrow thorax, joint rigidity, anisospondyly (gross 
irregularity of the size and shape of the vertebral bodies) 
which may include malsegmentation, clefting or “over-
size” bodies, kyphoscoliosis, and multiple ossification 
centers (Fig. 40-26). The gross spine disorganization 
may be recognized as early as the first trimester. The 
more severe form is referred to as Silverman-Hand-
maker and the milder form as Rolland-Desbuquois, 
although some think that dyssegmental dysplasia may 
represent a spectrum of findings caused by different 
mutations in the perlecan gene.75
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spontaneous abortions. Depending on the timing and 
orientation of the bands, the resultant disruption of fetal 
organs includes amputations of limbs or digits (Figs. 
40-28 and 40-29), bizarre facial or cranial clefting, and 
thoracoabdominal schisis. The distribution is asymmet-
rical. Constriction ring defects are the most common 
finding. Fibrous bands of tissue with a constricting ring 
and distal elephantiasis or protrusion of uncovered bone 
distally are pathognomonic for this anomaly (Fig. 40-30). 
Antenatally, an aberrant band attached to the fetus,  
with characteristic deformities and restriction of motion, 
permits the diagnosis. An amniotic sheet is a synechia, 
or scar in the uterus, and is distinguished from an amni-
otic band by a thickened base and a free edge.84 Syn-
echiae are not associated with amniotic band sequence.

The limb–body wall complex is a sporadic disorder 
that occurs in approximately 1:4000 live births with a 
similar, but more severe and lethal, complex of fetal 
malformations.85 Additional findings include eviscera-
tion of internal organs, myelomeningocele, marked sco-
liosis, and short straight umbilical cord.

Limb Reduction Defects

The prenatal detection rate of isolated limb reduction 
defect is estimated at 14.6%, compared to 49.1% when 
associated anomalies were detected.86 Terminal trans-
verse limb defects are associated with amniotic bands 
only in some cases, and thus other etiologies (e.g., vas-
cular disruption, fetal hypoxemia, errors in embryologic 
development) are suspected in other cases.

Radial Ray Defects

Radial ray defects are associated with a wide variety of 
syndromes. The diagnosis is based on the absence of a 
visualized distal radius at the same level as the ulna, in 
association with a radial deviation or clubhand (Fig. 
40-31). There may be bowing or hypoplasia of the ulna 
and a hypoplastic or absent thumb. Ulnar ray defects  
are rare.

Fanconi pancytopenia (syndrome) is an autosomal 
recessive blood dyscrasia in which 50% of cases have an 
associated unilateral or bilateral aplastic or hypoplastic 
thumb and radius. Identification of the thumb hypo-
plasia or aplasia in association with a radial ray defect 
suggests this diagnosis, initiating discussion of prenatal 
diagnosis and potential cesarean section to avoid exces-
sive bleeding (Fig. 40-32). Prenatal diagnosis is based on 
increased chromosome breakage and sister chromatid 
exchange in cultured amniotic fluid cells, both before 
and after exposure to diepoxybutane.87

Aase syndrome is an autosomal recessive blood 
dyscrasia characterized by hypoplastic anemia, a hypo-
plastic distal radius with radial clubhand, and a triphal-
angeal thumb. Associated cardiac defects (ventricular 
septal defect, coarctation of aorta) may be present. 

TABLE 40-8. NOMENCLATURE OF LIMB 
ANOMALIES

ANOMALY DESCRIPTION

Limb Reduction Anomalies
Amelia Absent limb
Adactyly Absent digits
Acheiria Absent hand
Apodia Absent foot
Hemimelia Absent extremity distal to knee 

or elbow
Phocomelia Absent middle segment of limb
Ectrodactyly Split hand
Ulnar or radial hemimelia Absent ulnar and ulnar digits 

paraxial or radius and thumb
Hand and Foot Anomalies

Clinodactyly Incurvature of a digit
Camptodactyly Flexion of a digit
Syndactyly Fusion of digits
Polydactyly Extra digits
Oligodactyly Decreased number of digits

may extend to the femoral head and acetabulum.60 The 
femoral hypoplasia is often associated with ipsilateral 
fibular hemimelia, which may result in a bowed appear-
ance of the tibia, similar to that of campomelic dysplasia; 
however, proximal focal femoral deficiency is generally 
unilateral. Hypoplasia or aplasia of other long bones, 
vertebral anomalies, microcephaly, and facial dysmor-
phism can also occur. If the defect is unilateral, it may 
represent the femur-fibula-ulnar complex, which is 
nonfamilial, versus the femur-tibia-radius complex, 
which has a strong genetic association.78 When associ-
ated with the unusual facies syndrome, the femoral 
hypoplasia is usually bilateral.

Caudal Regression Syndrome  
and Sirenomelia

Caudal regression syndrome consists of partial to com-
plete sacral agenesis and abnormalities of the lumbar 
spine, pelvis, and lower limbs.79-81 The majority of cases 
are associated with maternal diabetes, but familial cases 
have been reported. Sirenomelia is characterized by an 
absent sacrum, fusion of the lower extremities, anorectal 
atresia, and renal dysgenesis or agenesis (Fig. 40-27). 
Severe oligohydramnios and single umbilical artery are 
typically present. Prevalence is approximately 1:60,000 
births.

Amniotic Band Sequence

Amniotic band sequence is suspected to be secondary to 
first-trimester rupture of the amnion, resulting in amni-
otic bands that extend from the chorionic surface of 
the amnion to the fetal tissue.82,83 The incidence is 
approximately 1:1200 live births but is much higher in 
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FIGURE 40-27. Sirenomelia. A, Cross section of lower extremities. Femurs (arrows) are closer than expected because of fusion of 
the overlying soft tissues with a continuous layer of overlying skin (arrowheads). B, Sacral agenesis with abrupt termination of the lower 
spine (arrow). C, Single, fused lower extremity and sacral agenesis.
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Triphalangeal thumb may also be found in Holt-Oram 
syndrome, Diamond-Blackfan syndrome, chromosomal 
abnormalities, and fetal hydantoin exposure.

Thrombocytopenia–absent radius syndrome (TAR) 
is an autosomal recessive blood dyscrasia characterized 
by hypomegakaryocytic thrombocytopenia and bilateral 
absence of the radii.88 The thumb is always present. The 
humerus and lower extremities are variably involved. 
One third of such patients have CHD, typically tetralogy 
of Fallot or septal defects. Fetuses are at risk of intra-
cranial hemorrhage, so delivery by cesarean section is 
recommended (Fig. 40-33).

Holt-Oram syndrome is an autosomal dominant dis-
order consisting of a congenital heart defect (atrial or 
ventricular septal defect) in combination with a variety 
of upper limb anomalies. The limbs are asymmetrically 
affected, with the left limb usually showing more effects 
than the right. The lower extremities are not involved.

Roberts’ syndrome, or pseudothalidomide syndrome, 
is an autosomal recessive disorder characterized by tetra-
phocomelia and bilateral cleft lip/palate. The limb reduc-
tions are most prominent in the upper extremities.

Other conditions associated with radial ray abnor-
malities include trisomies 18 and 13, the VACTERL 

association, acrorenal syndrome, Cornelia de Lange syn-
drome, Goldenhar syndrome, Nager acrofacial dysosto-
sis, and Klippel-Feil syndrome.

Arthrogryposis Multiplex Congenita

Arthrogryposis multiplex congenita is a heterogeneous 
group of disorders with multiple joint contractures of 
prenatal onset89 (Fig. 40-34). Normal fetal motion by 
approximately 7 to 8 weeks onward is required for devel-
opment of the musculoskeletal system. Some cases result 
from extrinsic causes, such as oligohydramnios, twin-
ning, or uterine masses, and most of these have a good 
prognosis. Intrinsic causes include neuromuscular disor-
ders (most cases) and skeletal and connective tissue dis-
orders. Typically, the severity of the deformity increases 
distally, with maximal deformity in the hands and feet. 
This may result in the “Buddha position” of the fetus, 
with arms and legs crossed and ending in clubhand or 
clubfoot (Fig. 40-34, D). The fetal akinesia sequence 
refers to the combination of multiple joint contractures 
in association with IUGR, underdevelopment of the 
bones, pulmonary hypoplasia, typical craniofacial abnor-
malities, and a short umbilical cord.
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FIGURE 40-28. Amputation of the hand. Upper extremity 
ends abruptly distal to the wrist, in the midcarpal region (arrows). 
(Courtesy Ants Toi, MD, University of Toronto.)
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FIGURE 40-29. Amputation of right lower extrem-
ity. A, Ultrasound image demonstrates abrupt ending of the right 
lower limb (arrow). B, Comparison ultrasound image shows normal 
left lower limb. C, T2-weighted MR image confirms amputation of 
the right lower limb (arrow).
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whereas in the second half the fetus may maintain  
hand closure for relatively prolonged periods, up to 30 
minutes, limiting detailed evaluation. The incidence of 
finger abnormalities is approximately 1:1000 fetuses, of 
which 60% will have either an associated malformation 
sequence or karyotypic malformation. The optimal time 
for evaluation of the hands and feet is during the second 
trimester.12,93-95

Limb pterygium, or webbing of the skin across a 
joint, can involve a single or several joints90 and etiologi-
cally is a heterogeneous disorder. Popliteal pterygium is 
the most common dominantly inherited pterygium 
syndrome.

Asymmetrical limb enlargement may be caused by 
hemihypertrophy, cutaneous hemangioma or lymphan-
gioma, elephantiasis secondary to a constricting band, 
arteriovenous malformations, neurofibromatosis, or 
Beckwith-Wiedemann syndrome. Hereditary lymph-
edema type 1, or Nonne-Milroy lymphedema, is a rare 
autosomal dominant condition secondary to deficient 
lymphatic drainage, typically affecting the lower extremi-
ties. The subcutaneous tissues of the affected extremity 
appear diffusely thickened. Associated ascites and pleural 
effusions may be seen. There is variable expressivity and 
age of onset91 (Fig. 40-35). Extremity enlargement may 
also be related to thickened subcutaneous tissues, as in 
hydrops or large-for-gestational-age infants.

Kyphoscoliosis may be a manifestation of an isolated 
vertebral defect or may be associated with myelo-
meningocele or with complex syndromes, such as 
VACTERL, limb–body wall complex, neurofibromato-
sis, arthrogryposis, diastrophic dysplasia, and other skel-
etal dysplasias.

HAND AND FOOT DEFORMITIES

A complete digit evaluation can be performed by 12 to 
13 weeks’ gestation.92 The fetus typically maintains open 
hands with digit extension in the first half of gestation, 

FIGURE 40-30. Amniotic band sequence. Constriction rings with distal elephantiasis. A, Ultrasound lateral image of the 
distal forearm and hand demonstrates the two constriction rings with elephantiasis. B, Ultrasound of the digits demonstrates the distal 
tapering of the digits. C, Radiograph demonstrates the two constriction rings in the distal forearm and hand. D, Correlative specimen 
photograph.
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FIGURE 40-31. Radial ray anomaly diagnosed at 
13 weeks’ gestation. Three-dimensional (3-D) ultrasound 
surface display demonstrates the hypoplastic radius and ulna in 
association with talipomanus (clubhand) (arrow).
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hand, overlapping digits, clinodactyly, polydactyly, syn-
dactyly, simian creases, talipes equinovarus, rocker- 
bottom foot, and sandal toes (Fig. 40-36).

Persistent clenched hand with overlapping of digits 
occurs in more than 50% of trisomy 18 fetuses and is 
generally bilateral. This characteristic hand appearance 
is highly suggestive of trisomy 18 but can also occur in 
other conditions, such as fetal akinesia syndrome and 
triploidy.

Clinodactyly is the permanent incurvature of a finger. 
Clinodactyly, caused by asymmetric hypoplasia of the 
middle phalanx (medial shorter than lateral aspect), most 
often involves the fifth finger and is associated with tri-
somies 13, 15, 18, and 21 (Fig. 40-36, G ). Clinodactyly 

Transient findings represent a potential pitfall in the 
analysis of the distal extremities. During the second half 
of gestation, the fetus may appear to have pseudosyn-
dactyly by maintaining clenched fists for prolonged 
periods or the appearance of “sandal foot.” The diagnosis 
of an isolated clubfoot can be risky because the fetus can 
hold the foot in a position to suggest the diagnosis in the 
absence of a structural defect. An apparent clubfoot may 
be secondary to positioning against the maternal uterine 
wall or in the setting of oligohydramnios, which subse-
quently resolves with a change in fetal position or amni-
otic fluid volume.

Aneuploidy is associated with an increased risk of 
hand and foot anomalies, including persistent clenched 

FIGURE 40-32. Fanconi pancytopenia. Radial ray aplasia with talipomanus and bilateral absence of thumbs. A, Radial 
deviation left hand, or clubhand, secondary to radial ray aplasia and ulnar hypoplasia. Note absent thumb. B, More extreme example of 
radial deviation hand or clubhand secondary to radial ray aplasia and ulnar hypoplasia. C, Correlative radiograph (of A) of left arm. Note 
absent thumb. D, Correlative specimen photograph of A. Note absent thumb. (Courtesy Shia Salem, MD, University of Toronto.)
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FIGURE 40-33. Thrombocytopenia: absent radius syndrome. A, Absent radius in association with hypoplastic ulna results 
in talipomanus. Note that thumb is present. B, Correlative specimen photograph.

BA

FIGURE 40-34. Arthrogryposis multiplex congenita. Decreased muscle bulk is replaced by a mixture of fat and adipose 
tissue, resulting in multiple congenital joint contractures, including fixed internal rotation of shoulders, hyperextension of elbows, flexion 
of wrists, and talipes equinovarus (clubfoot). Note that severity of deformity increases distally. The knees and hips at birth were demon-
strated to be nonrigid contractures amenable to conservative postural therapy. A, Photograph demonstrates fixed contractures of the elbows, 
wrists, digits, and ankles. B, Radiograph demonstrates similar contractures. C, Ultrasound of upper extremity demonstrates fixed extension 
of the elbow and fixed flexion of the wrist and digits with talipomanus. D, “Buddha position” with flexed hips, knees, and ankles and 
clubfoot distally.
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C D



FIGURE 40-35. Hereditary lymphedema at 21 weeks. A, Femur surrounded by marked thickening of the subcutaneous 
tissues. B, Lower extremity with marked thickening of subcutaneous tissues.

A B

FIGURE 40-36. Collage of hand and foot anomalies. A, Talipes equinovarus (clubfoot). Inverted plantar flexion with 
medial deviation of the foot results in visualization of the long axis of the foot (metatarsals) and lower leg in the same plane. Note the 
rounded angle between the foot and lower leg. B, Rocker-bottom foot. Convex sole contour and rounded soft tissue protrusion posterior 
to the calf soft tissues. C, Toe polydactyly, six digits. D, Oligodactyly, three digits. E, Syndactyly. Soft tissue fusion of the first and 
second digits. F, Sandal toes in a 37-week fetus with Nager syndrome demonstrates an exaggerated gap between the first and second toes 
and a plantar skin furrow. G, Clinodactyly. Hypoplastic middle phalanx of fifth digit. H, Ectrodactyly, or split hand/foot deformity. 
(C and E courtesy Ants Toi, MD; D and H courtesy Shia Salem, MD; University of Toronto.)
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birth of one child with isolated clubfoot is 2% to 3%, 
and if one of the parents is affected, the recurrence risk 
is 3% to 4%. The diagnosis is based on the recognition 
of an inverted and plantar-flexed foot in which the meta-
tarsal long axis is in the same plane as the tibia and fibula, 
in association with a rounded angle of junction between 
the foot and the lower leg (Figs. 40-37 and 40-38; Video 
40-2). The majority are isolated malformations; however, 

occurs in 60% of fetuses with trisomy 21; however, up 
to 18% of normal fetuses may have a mild degree of 
clinodactyly.93 Camptodactyly is the permanent flexion 
of a finger caused by flexion contracture of an interpha-
langeal joint.

Polydactyly is the presence of extra digits on the foot 
or hand. Most cases are isolated findings, but extra digits 
can be associated with syndromes and chromosomal 
abnormalities. Polydactyly may be diagnosed toward the 
end of the first trimester. The extra digit may consist of 
a small, soft tissue projection or a complete digit. Post-
axial polydactyly (ulnar or fibular) is more common 
and is found in conditions such as Ellis–van Creveld 
syndrome, asphyxiating thoracic dystrophy, short-rib 
polydactyly syndrome, and trisomy 13. Preaxial (radial 
or tibial) polydactyly is found in familial conditions, 
such as Fanconi syndrome, Holt-Oram syndrome, acro-
cephalosyndactyly, and conditions associated with tripha-
langeal thumb.60 Central polydactyly can also occur. 
Polydactyly may be hereditary and familial. Because this 
form is associated with a good prognosis, it is important 
to review the pertinent family history.

Syndactyly refers to soft tissue and/or osseous fusion 
of digits (Fig. 40-36, E ). Syndactyly of the third and 
fourth fingers in association with IUGR in the second 
trimester suggests the diagnosis of triploidy.

An abducted, low-set thumb, or hitchhiker thumb 
(see Fig. 40-24), is associated with diastrophic dwarf-
ism. An adducted thumb may be associated with aque-
ductal stenosis.

Ectrodactyly, or the split hand/foot “lobster claw’’ 
deformity, is a deficiency of the central digits resulting 
in a cleft. It can occur as an isolated abnormality or in 
association with other findings, such as cleft lip/palate, 
as in ectrodactyly–ectodermal dysplasia clefting syn-
drome, Cornelia de Lange syndrome, and limb-mam-
mary syndrome96 (Fig. 40-36, H ). Many isolated cases 
are the result of a new dominant mutation or are inher-
ited from parents with minimal manifestations. Thus, a 
careful examination of the parents is needed before coun-
seling low recurrence risk.96,97

Talipomanus, or clubhand, can be radial or ulnar. 
Radial clubhand is more common and is generally asso-
ciated with the syndromes or karyotype abnormalities 
previously described with radial ray variants. Trisomies 
18 and 21, long arm deletion of chromosome 13, and 
ring formation of chromosome 4 can be associated with 
radial clubhand. Other conditions associated with tali-
pomanus include the VACTERL association, Golden-
har syndrome, and Klippel-Feil syndrome. Another 
abnormality includes a sporadic group of syndromes 
associated with craniofacial abnormalities, most often 
cleft lip and palate. Ulnar clubhand, associated with 
ulnar ray defects, is uncommon and may be an isolated 
finding.

Talipes equinovarus, or clubfoot, occurs in 0.1% to 
0.2% of the population. The recurrence risk after the 

FIGURE 40-37. Sonographic in utero diagnosis of 
clubfoot. A, Clubfoot. Inverted, plantar-flexed, and medially 
deviated foot results in visualization of the long axis of the foot 
and tibia/fibula in the same plane. Note the rounded angle of 
junction between the lower leg and foot. B, Normal foot. Note 
the normal relationship of tibia and fibula to the metatarsals and 
the normal squared angle of the lower leg to the foot. (From Jeanty 
P, Romero R, d’Altoan M, et al: In utero sonographic detection of 
hand and foot deformities. J Ultrasound Med 1985;4:595-601.)
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FIGURE 40-38. Isolated unilateral clubfoot. T2-
weighted MR image demonstrates a clubfoot.
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FIGURE 40-39. Achondroplasia and the “trident hand” configuration. A, Homozygous achondroplasia with trident 
configuration with the digits ending at the same level (yellow line), with inability to approximate the second, third, and fourth digits (pink 
lines). B, Homozygous achondroplasia with ultrasound appearance of severe brachydactyly with trident configuration.

BA

MRI and fetal karyotyping should be considered when 
clubfoot is found in association with other structural 
abnormalities.98-104 Early amniocentesis is associated 
with an increased risk of clubfoot. Hindfoot equinus 
(plantar flexion), hindfoot varus (inward rotation),  
forefoot adduction, and variable forefoot cavus (plantar 
flexion) can also occur.

Congenital talipes equinovarus represents a spectrum 
ranging from “postural” talipes or nonrigid deformity 
requiring little active management, to a severe, rigid 
deformity requiring extensive surgery. The foot is fixed in 
adduction, supination, and varus position, thus appearing 
to be turned inward. Tillett et al.99 found that up to 26% 
of cases of clubfoot required no active postnatal manage-
ment, presumably in the postural group. It is difficult to 
determine if this group is positional or a false-positive 
diagnosis. False-positive results are most often found in 
the group with an isolated diagnosis of talipes equino-
varus made in late pregnancy, although they can occur at 
the 18- to 22-week evaluation, at a reported rate of 
2.3%.105 The normal foot may achieve extreme dorsiflex-
ion or plantar flexion, and caution is advised when making 
the initial diagnosis of isolated clubfoot in the third tri-
mester.101,103 In the setting of isolated clubfoot (unilateral 
or bilateral) the risk of requiring surgery is approximately 
40%.105

Rocker-bottom foot is the result of a vertical position 
of the talus and equinus or vertical position of the cal-
caneus secondary to a short Achilles tendon (Fig. 40-36, 
B). The tarsal bones are dislocated dorsally, so there is 
a convex plantar surface with posterior bulging of the 
calcaneus. It carries a high risk for fetal chromosomal 
abnormalities such as trisomies 18 and 13 when associ-
ated with other abnormalities, as well as for other syn-
dromes such as fetal akinesia sequence.

Brachydactyly is the abnormal shortening of the 
digits. There is relative sparing of foot length in many 
skeletal dysplasias, but the hands may be affected. 
Achondroplasia has a characteristic configuration  
with the digits ending at the same level and unable to 

approximate the second, third, or fourth digits, leading 
to the appearance of the “trident hand” (Fig. 40-39).

Sandal toes, or an exaggerated gap between the first 
and second digits, is often visualized in the normal fetus 
but has a higher prevalence in trisomy 21 fetuses12 (Fig. 
40-36, F ). An elevated first digit/toe may cause a false 
or transient abnormality that mimics sandal toes.

SKELETAL FINDINGS ASSOCIATED 
WITH ANEUPLOIDY

When an abnormality in the musculoskeletal system is 
detected during routine ultrasound examination, a sys-
tematic search is performed to detect other defects that 
may lead to the diagnosis of a specific genetic or chro-
mosomal defect.106,107 During the second trimester, an 
expected/measured FL ratio below 0.9, based on BPD, 
should prompt a detailed examination to assess for other 
possible features of aneuploidy. However, in the third 
trimester, a mildly shortened femur is generally associ-
ated with asymmetrical IUGR or a constitutional small 
fetus rather than with aneuploidy. A femur/foot ratio 
greater than 0.9 suggests IUGR rather than a bone dys-
plasia, whereas a femur/foot ratio of less than 0.9 sug-
gests a skeletal dysplasia.12,108 In general, chromosomal 
anomalies are associated with a symmetrical form of 
IUGR versus asymmetrical IUGR often associated with 
uteroplacental insufficiency. Triploidy is an exception, 
occurring with an asymmetrical form of IUGR.

Trisomy 21 (Down syndrome) is the most common 
chromosome abnormality in newborns, with an inci-
dence of 1:600 to 1:800. About 95% of such cases result 
from an additional chromosome 21; 3% result from 
translocation; and 2% are mosaic. Most cases are spo-
radic; about 33% are born to mothers older than 35. 
Characteristic skeletal findings include mild shortening 
of the femur and humerus, clinodactyly of the fifth 
finger, sandal gap toes, flat nasal bridge, frontal bossing, 
and brachycephaly.
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Triploidy (69,XXX, 69,XXY, or 69,XXY) occurs in 
18% of all early miscarriages, but the incidence is only 
1:2500 births. In 60% of cases, triploidy results from 
dispermy, and in 40%, from diploid sperm or diploid 
egg. The combination of early severe asymmetrical 
IUGR, oligohydramnios, and an enlarged hydropic pla-
centa suggests this diagnosis. A partial molar pregnancy 
may be present. Associated musculoskeletal findings 
include syndactyly of the third and fourth fingers, simian 
crease, talipes equinovarus, and hitchhiker toe deformity. 
Other findings may include micrognathia, ventriculo-
megaly, myelomeningocele, and cardiac abnormalities.
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Hydrops fetalis is an end-stage process for a number 
of different diseases. It is defined as an abnormal accu-
mulation of interstitial fluid in at least two body cavities 
(pleural, peritoneal, or pericardial) or one body cavity in 
association with anasarca (generalized massive edema). 
Placentomegaly and polyhydramnios are common find-
ings in cases of hydrops but are not needed for the 
diagnosis.

Hydrops is the late stage of many processes that lead 
to redistribution of body fluids among the intravascular 
and interstitial compartments. This imbalance of fluid 
can have many etiologies (see Table 41-1). There are at 
least 80 different known causes of fetal hydrops.1 Many 
of the causes and associations with hydrops overlap.  
The basic etiology of hydrops is an imbalance of inter-
stitial fluid, which may be caused by myocardial failure, 
high-output cardiac failure, decreased colloid oncotic 
plasma pressure (anemia), increased capillary permeabil-
ity, and/or obstruction of venous and lymphatic flow.

Hydrops can be immune or nonimmune in origin. 
Immune hydrops is defined by a circulating antibody 
against red blood cells (RBCs) in the mother, whereas in 
nonimmune hydrops no such antibody is found. Before 
the widespread introduction of rhesus (Rh) anti-D 
immune globulin in the 1970s, most cases of hydrops 
were immune,2,3 whereas currently, most are nonim-
mune.4,5 This chapter reviews the findings of fluid in 

different body cavities and the etiologies, diagnosis, and 
treatment of hydrops. The mortality of fetal hydrops 
generally remains higher than 70%. However, fetal 
medical and interventional techniques allow for reversal 
of hydrops (in nonaneuploid cases) and improved sur-
vival.6 Although hydrops is a relatively common indica-
tion for tertiary-level fetal evaluation, because of the 
many causes, each specific etiology is relatively rare.

SONOGRAPHIC FEATURES

It is important to understand the sonographic appear-
ance of fluid in the different interstitial compartments 
of the fetus. These fluid collections can occur in isola-
tion, as in isolated ascites or isolated pleural or pericar-
dial effusion. When one collection is seen, it is important 
to assess for a second collection to make the diagnosis of 
hydrops; the fluid collection must be in at least two body 
cavities to qualify as hydrops. Other findings in hydrops 
can include subcutaneous edema, polyhydramnios, 
and placentomegaly.

Ascites

Fetal ascites is diagnosed when fluid is seen between 
bowel loops, along the abdominal flanks, around the 
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Isolated ascites can be an early sign of hydrops. If truly 
isolated, it can be caused by an obstructive urinary etiol-
ogy or gastrointestinal (GI) obstruction. Isolated fetal 
ascites has a more favorable prognosis than hydrops but 
requires follow-up to ensure that hydrops does not ensue.

Small collections of ascitic fluid may outline abdomi-
nal viscera, including bowel loops or bladder, and may 
cause an apparent increase in their echogenicity. Larger 
accumulations outline the liver and spleen (Fig. 41-1, A 
and B). The umbilical vessels will be seen as parallel 
echogenic lines traversing the fluid space (Fig. 41-1, D). 
Bowel loops may be free floating or, when meconium 
peritonitis is present, may appear as a matted, echogenic 
posterior mass. In male fetuses, ascitic fluid may track 

liver, and outlining the umbilical vessels (Fig. 41-1). In 
normal fetuses, a small hypoechoic band (<2 mm in 
thickness) extending along the anterior and lateral fetal 
abdomen may be present. This “pseudoascites” repre-
sents normal abdominal wall muscles or abdominal wall 
fat, and should not be mistaken for an abnormal fluid 
collection7 (Fig. 41-2). The distinction between the 
pseudoascites appearance and true ascites can be made 
when the transducer angle is changed and the appearance 
resolves. Pseudoascites does not surround the liver, but 
rather stops at the insertion of the ribs. Note that true 
ascites will extend around bowel loops (Fig. 41-3; Video 
41-1), whereas pseudoascites is always a subcutaneous 
finding.

FIGURE 41-1. Ascites. A, Fluid outlines the liver. B, Fluid outlines the bowel, compressing it posteriorly. C, Ascites outlines the 
umbilical vein (arrow). D, T2-weighted MR image shows the high-signal-intensity fluid in the fetal abdomen.

A B

C D
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FIGURE 41-2. Pseudoascites. A, Transverse, and B, parasagittal, ultrasound views show hypoechoic abdominal musculature and 
fat mimicking ascites. Note that this appearance will change with transducer angle, and the hypoechoic material will always be visualized 
in the subcutaneous regions, not surrounding bowel.

A B

FIGURE 41-3. Ascites. A, Small amount of ascites (arrows). B, Moderate amount of ascites. Note how the ascites surrounds loops of 
bowel. The bowel can appear echogenic because of through-transmission from the fluid.

A B

through the patent processus vaginalis into the scrotum, 
leading to hydroceles (Fig. 41-4). Chronic chest com-
pression from massive ascites may result in pulmonary 
hypoplasia (Fig. 41-5).

Pleural Effusions

Pleural effusions typically occur later in hydrops than 
does ascites (Fig. 41-6). If isolated and small, pleural 
effusions tend to have a benign course (Fig. 41-6, A; 
Video 41-2). Small effusions are seen as a thin, echolu-
cent rim surrounding lung tissue and may also outline 

mediastinal structures. Small pleural effusions do not 
shift the mediastinum. Pleural effusions associated with 
hydrops may be unilateral or bilateral, often beginning 
as unilateral collections that progress bilaterally (Fig. 
41-6, D). If mediastinal shift is visualized in association 
with a small pleural effusion, a chest mass such as a 
hernia or congenital pulmonary malformation should be 
sought (Fig. 41-7). Larger effusions will lead to flattening 
of the hemidiaphragms and, when sufficiently large, 
mediastinal shift. A large, unilateral effusion suggests a 
local cause, such as chylothorax. Although chylothorax 
begins as a unilateral effusion, it can progress to cause 
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FIGURE 41-4. Hydrocele. A, Ultrasound, and B, MRI, appearances of male fetus with hydrops with fluid extending into the scrotum.

A B

FIGURE 41-5. Massive ascites leading to lung com-
pression. Coronal T2-weighted MR image shows massive 
ascites (A) surrounding the liver (L) and bowel (B). Note the 
compression of the fetal lungs (arrows).

A

B

L

compression or kinking of mediastinal vascular struc-
tures causes upper body edema and functional esopha-
geal obstruction, leading to secondary polyhydramnios.

Chylothorax is the most common cause of pleural 
effusion leading to respiratory distress in the newborn. 
This is an important diagnosis to suggest when associ-
ated with hydrops because drainage can be curative. 
Drainage of the effusion can lead to reversal of hydrops 
and can prevent pulmonary hypoplasia. Drainage imme-
diately before delivery can assist in peripartum care. 
When drained, the fluid has a large number of lympho-
cytes in clear, yellow fluid. The fluid will not be “milky” 
until after the infant feeds. 

Pericardial Effusions

In contrast to pleural effusions that surround the lungs 
and compress the tissue medially, pericardial effusions 
are anteromedial fluid collections. Fluid collections of up 
to 2 mm in thickness are common, and a small amount 
of pericardial fluid (up to 7 mm, in isolation) can be a 
normal finding8 (Fig. 41-8; Video 41-3). A large peri-
cardial effusion compresses the lungs against the poste-
rior chest wall (Fig. 41-9). The heart is visualized as 
“floating” within the anterior thoracic fluid collection.

Subcutaneous Edema

Subcutaneous edema may be localized or generalized, 
depending on the etiology. A thickness of 5 mm has 
been suggested as the cutoff value.9 Edema is most easily 
seen over the fetal scalp or face, where thickening of skin 
overlying bone is visualized (Fig. 41-10, A). It is impor-
tant to realize that the biparietal diameter and head 

mediastinal shift, obstructing venous return and leading 
to hydrops. In large, bilateral pleural effusions the lungs 
appear as free-floating “bat wings” beside the heart  
(Fig. 41-6, D). When chronic, large effusions can lead 
to pulmonary hypoplasia. As pleural effusions enlarge, 
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FIGURE 41-6. Fetal pleural effusions. A, Unilateral small right pleural effusions. B, Moderate right (R) and small left (L) effu-
sions. C, Moderate right effusion. Note moderate mediastinal shift to the left. D, Bilateral moderate effusions. Note how the partially 
compressed lungs appear as free-floating “bat wings.” E, Axial, and F, oblique, coronal views of large right pleural effusion. Note the severe 
mediastinal shift in E.

A B C

D E F

R L

FIGURE 41-7. Small pleural effusion in association with congenital cystic adenomatoid malformation. 
Note the large cystic mass (calipers) and small pleural effusion (arrow).
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affects the weight calculation of the fetus. Thus, when 
performing biometric assessment of the hydropic fetus, 
the abdominal circumference measurement is included 
in the weight calculation, but it should be excluded  
from the gestational age assessment so that the thickened  
skin does not falsely elevate fetal age. When generalized 
subcutaneous edema is present, the appearances may  
be referred to as anasarca (Fig. 41-11, Video 41-4). 
Note that on fetal magnetic resonance imaging (MRI), 
body wall edema will appear of high signal intensity  
on T2-weighted images, similar to surrounding fluid 
(Fig. 41-12).

Placentomegaly

Placental edema is a variable and usually late sign in 
hydrops (Fig. 41-13). The sonographic texture of the 
placenta may be altered, and its appearance may be 
described as thickened, echogenic, spongy, or ground 
glass. Placental dimensions, especially thickness, are 
increased above the normal of 5 cm in the third trimes-
ter.9-11 When placental edema is secondary to an hydropic 
process in the fetus, the entire placenta is usually affected. 
This finding may be used to exclude the very rare primary 
placental causes of hydrops (e.g., chorioangioma).

Polyhydramnios

The assessment of amniotic fluid is described in Chapter 
46. Polyhydramnios occurs frequently in conjunction 
with hydrops (Fig. 41-14; see Video 41-1). This increases 
the risk of prematurity, which adds to the morbidity 
associated with hydrops.

circumference measurements are taken around the skull 
bone, excluding the skin. Subcutaneous edema may  
also be seen over the limbs and abdominal wall. Care 
should be taken not to mistake prominent fat in  
a macrosomic fetus to anasarca in a hydropic fetus.  
Subcutaneous edema will increase the abdominal cir-
cumference measurement, beyond that which is expected 
for gestational age (Fig. 41-10, B). It is important when 
measuring the fetus to include the entirety of the skin in 
the abdominal circumference measurement, because this 

FIGURE 41-8. Normal finding of small amount of pericardial fluid. A and B, Note the small rim of anechoic fluid 
(arrows) in two different fetuses.

A B

FIGURE 41-9. Large pericardial effusion. Lungs are 
compressed posteriorly.
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and size of fluid collections and edema as detected by 
ultrasound may provide a clue to the etiology of hydrops. 
For example, in immune hydrops, ascites appears first, 
with subcutaneous edema appearing only with more 
advanced anemia. Intrathoracic collections generally do 
not occur or occur late in the process.

ETIOLOGY

Before the availability of Rh0(D) immune globulin 
(RhoGAM), immune hydrops represented greater than 
80% of all cases of hydrops. Now, nonimmune hydrops 
represents 90% of cases. The distribution, timing, 

FIGURE 41-10. Scalp and body wall edema are measured differently. A, Fetal scalp edema. Head measurements 
(cursors) are obtained around the bone, not the skin; BPD, biparietal diameter; HC, head circumference. B, Abdominal wall thickening. 
Abdominal wall measurements are obtained around the abdomen, including the skin thickening; AC, abdominal circumference. Note that 
gestational age is 27 weeks by HC, but 34 weeks if only AC is used.

A B

FIGURE 41-11. Anasarca in fetus with Turner’s syndrome. A, Axial view of cystic hygroma behind the neck. B, Coronal 
view of diffuse scalp edema and cystic hygroma. C, Axial view of thoracic wall edema. D and E, Axial views of abdomen show body wall 
edema and ascites. F, Arm with anasarca as well.

A B C

D E F
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IMMUNE HYDROPS

Immune hydrops, or erythroblastosis fetalis, occurs 
when a sensitized mother develops antibodies to fetal 
RBCs that lead to hemolysis. Circulating maternal 
immunoglobulin G (IgG) antibodies cross the placenta 
and attack antigen-positive fetal RBCs. The majority  
of cases still occur in the presence of Rh(D) anti-
bodies. Atypical antibodies such as Kell, Rh(C), and 
Rh(E) develop in 1% to 2% of individuals after blood 

Generally, pleural and pericardial effusions appear 
earlier and more prominently with thoracic pathologies, 
whereas ascites appears earlier and predominates with 
anemia and primary abdominal pathologies. Massive 
ascites with associated bowel hyperechogenicity is typical 
of either parvovirus infection (when the ascites is very 
tense) or a bowel perforation that may be secondary to 
meconium peritonitis (Fig. 41-15). Localized fluid col-
lections may progress to hydrops because of pressure or 
metabolic effects, and thus the pattern of hydrops may 
evolve over time.

FIGURE 41-12. Fetal body wall edema on MRI. A and B, Axial and sagittal T2-weighted MR images show how edema appears 
as high signal in the skin.

A B

FIGURE 41-13. Placental edema. Placental thickness is 
normally about 1 mm of thickness per week gestational age, and 
it should not exceed 5 cm in the third trimester. FIGURE 41-14. Polyhydramnios. A 12-cm pocket of fluid 

(cursors) in pregnancy with hydrops.
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first pregnancy and therefore will affect the second preg-
nancy. Other times of blood sharing include abortion 
(spontaneous or therapeutic), amniocentesis, placental 
abruption, incompatible blood transfusions, and trans-
placental hemorrhage. An additional blood incompati-
bility issue is fetal alloimmune thrombocytopenia.

To avoid maternal sensitization, 300 mg of RhoGAM 
is given at 28 weeks’ gestation in sensitized individuals. 
This protects against 30 mL of fetal blood. If a greater 
degree of fetomaternal hemorrhage is suspected, a Klei-
hauer-Betke test can be done to quantify fetal blood  
in maternal circulation to determine the necessary dose. 
As a prophylactic measure, RhoGAM is given to Rh-
negative women within 48 hours after invasive fetal  
procedures such as amniocentesis and chorionic villus 
sampling.

transfusion and cause 2% of hemolytic disease of the 
fetus. The result is anemia, extramedullary erythropoie-
sis, hepatosplenomegaly, hypoalbuminemia, and conges-
tive heart failure (CHF). Hydrops develops when the 
fetal hemoglobin (HbF) deficit exceeds 7 g/dL,12 prob-
ably because of reduced oncotic pressure secondary to 
hypoalbuminemia, combined with high-output cardiac 
failure (Fig. 41-16). Eventually, the fetus develops both 
metabolic and lactic acidosis,13,14 and once this decom-
pensation occurs, progression of hydrops is rapid, leading 
to fetal demise within 24 to 48 hours.

Causes of maternal sensitivity include fetal maternal 
hemorrhage and transplacental hemorrhage. In women 
with incompatible blood types with respect to the fetus 
(Rh alloimmunization, other RBC antigen), antibodies 
can be made. This typically occurs after delivery of the 

FIGURE 41-15. Meconium peritonitis. A, Matted and dilated echogenic bowel with ascites, typical of meconium peritonitis. 
B, Tense ascites in meconium peritonitis.

A B

FIGURE 41-16. Immune hydrops. A, Ascites (arrow). B, Middle cerebral artery measuring peak systolic velocity (PSV); EDV, end 
diastolic velocity; RI, resistive index.

A B
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Management of the Fetus

Immune hydrops is an indication for urgent fetal blood 
sampling and transfusion. This technique is performed 
by percutaneous ultrasound-guided blood sampling 
(PUBS)15 (see Chapter 46). In a study of 80 fetuses with 
hydrops secondary to anemia, when hydrops was mild 
before treatment (only a thin rim of ascites, with or 
without pericardial effusion), hydrops was reversed in 
88%; when hydrops was severe before treatment, hydrops 
reversed in only 65%. This stresses the importance of 
early treatment in cases of suspected anemia. After rever-
sal of hydrops, survival rate was 98%.16 The incremental 
loss rate after this procedure is about 1.4%.17

Noninvasive Assessment  
of Alloimmunization

Fetuses are screened for risk of alloimmunization by 
determining the Rh status of the parents. If the pregnant 
woman is Rh negative, the father is screened. If the father 
of the baby is also Rh negative, no further screening is 
needed. If the mother is Rh negative and the father is 
Rh positive, maternal antibody titers are monitored. If 
they rise above 1:8, further testing is warranted. In  
the past, this was done with amniocentesis assessing  
for optical density (OD50) of amniotic fluid (hemolysis 
increases OD of amniotic fluid), and serial PUBS was 
performed as indicated to determine hematocrit (Hct). 
Currently, Hct is indirectly inferred from middle cere-
bral artery (MCA) Doppler studies, in which peak sys-
tolic velocity (PSV) is elevated in cases of anemia (Video 
41-5; see Chapter 43).

In response to severe anemia, the fetal circulation 
becomes hyperdynamic with increased blood flow 
velocities, which are thought to result from increased 
cardiac output and decreased viscosity of fetal blood. In 
addition, blood flow in the MCA may be increased 
further because the brain circulation is known to respond 
quickly to hypoxemia.18 Although flow velocities in all 
fetal vessels will be increased, the MCA is particularly 
suitable for assessment because of its easy visualization 
with color Doppler imaging as it courses directly above 
the greater wing of the sphenoid bone, carrying more 
than 80% of cerebral blood flow. The MCA has a high-
impedance circulation with continuous forward flow. 
The method for MCA Doppler includes finding the 
circle of Willis, measuring a pulsed Doppler waveform 
of the proximal MCA at the base of the brain, and 
obtaining a PSV measurement with the angle of 
insonation close to 0 degrees (Fig. 41-16, B). Intraob-
server and interobserver variability is low.

In hypoxia, there is central redistribution of blood flow 
with increased blood flow to the brain. This leads to 
elevated PSV in cases of anemia. PSV is compared to 
normed measures with respect to gestational age. Using 
these thresholds, Zimmerman et al.19 found that overall 

sensitivity to detect moderate to severe anemia at less than 
35 weeks (hemoglobin <0.65 multiples of median) was 
88%. Specificity was 87%; positive predictive value (PPV) 
was 53%, and negative predictive value (NPV) was 98%.

It should be recognized that immune hydrops, even 
untreated, is not uniformly lethal, and that transfusion 
is not uniformly lifesaving. If fetuses with anemia and 
hydrops are untreated, 34% of hydrops cases resolve 
spontaneously, and 30% of fetuses die in utero. However, 
if anemia is treated with intrauterine infusions, 53% of 
hydrops cases resolve and 17.5% of fetuses die in utero.

When performing PUBS, it is important to check that 
the mean corpuscular volume (MCV) is greater than 
100 µm3 to prove that it is fetal blood being tested. The 
hematocrit is checked to determine the amount of trans-
fusion needed (Hct <30% is 2.5th centile >20 weeks). 
To limit the amount of fluid being transfused into the 
relatively small circulatory capacity of the fetus, packed 
RBCs (type O negative; Hct >90%) are given. The goal 
is to transfuse to Hct of 40 mL/dL. Successful treatment 
of anemia with intravascular blood transfusion has been 
reported as early as 13 weeks’ gestation.20

A variable sign of anemia in the fetus is that of hepa-
tosplenomegaly. The fetal liver and spleen increase in 
size because of their increased production of RBCs. 
However, the fetus may be able to compensate for the 
breakdown of RBCs and, in such cases, may have a large 
liver and spleen, but would not necessarily be severely 
anemic. Conversely, more rapid breakdown of RBCs may 
prevent the fetus from adapting to hemolysis. Therefore, 
anemia may develop without hepatosplenomegaly.21,22

NONIMMUNE HYDROPS

Nonimmune hydrops occurs in 1:1500 to 1:4000 preg-
nancies. It is a common pathologic finding in first- and 
second-trimester spontaneous abortions. The etiology 
varies geographically and with gestational age. In North 
America and Europe, most cases are cardiovascular (20%-
40%), infective (5%-10%), or chromosomal (16%; 
usually Turner’s syndrome; trisomy 13, 18, and 21; trip-
loidy) in origin.23,24 In Southeast Asia, however, homozy-
gous α-thalassemia is a common cause;25 in this region, 
carrier status for α-thalassemia occurs in 5% to 15% of 
the population. Nonimmune hydrops in homozygous 
α-thalassemia accounts for 25% of perinatal deaths in 
Southeast Asia.

Pathophysiology

Nonimmune hydrops represents the terminal stage  
for many conditions and is frequently multifactorial 
(Table 41-1). Pathophysiology of hydrops may involve 
increased hydrostatic pressure, high-output cardiac 
failure, decreased plasma oncotic pressure, increased  
capillary permeability, obstruction of lymph flow, or a 



1434  PART IV ■ Obstetric Sonography

TABLE 41-1. NONIMMUNE HYDROPS: COMMON CAUSES AND ASSOCIATIONS

EXAMPLES SUBCATEGORY EXAMPLES

Cardiovascular Structural heart disease Hypoplastic left or right heart syndrome
Atrioventricular canal
Atrioventricular septal defect
Transposition of great vessels
Tetralogy of Fallot
Ebstein anomaly

Myocarditis/cardiomyopathy
Valvular disease
Myocardial or pericardial tumors Tuberous sclerosis (e.g., rhabdomyoma)
Premature closure of foramen ovale or ductus arteriosus
Twin-twin transfusion syndrome
Arrhythmia Tachyarrhythmia

Bradyarrhythmia (including heart block)
High-output cardiac failure Tumors such as maternal chorioangioma or fetal 

sacrococcygeal teratoma
Vein of Galen malformation
Acardiac twin (donor)

Generalized arterial calcification
Myocardial infarction Anomalous left coronary artery

Lymphatics Abnormal lymphatic drainage
Neck Cystic hygroma

Congenital high airway obstruction
Chest Chylothorax/hydrothorax

Congenital cystic adenomatoid malformation
Congenital diaphragmatic hernia
Pulmonary sequestration
Bronchogenic cyst
Congenital lymphedema

Gastrointestinal Hepatic cirrhosis/fibrosis
Hepatitis
Tumor
Portal vein thrombosis
Bowel atresia
Volvulus Malrotation with midgut volvulus
Meconium peritonitis

Urinary tract Finnish nephrosis
Urinary tract obstruction
Prune belly syndrome
Cloacal malformation
Renal vein thrombosis

Chromosomal 45,XO (Turner’s syndrome)
Trisomy 21
Trisomy 18
Trisomy 13
Other aneuploidies

Hematologic α-Thalassemia (homozygous)
Parvovirus
G6PD deficiency
Twin-twin transfusion (donor)
Congenital leukemia
Hemochromatosis
Inferior vena cava thrombosis

Infection Cytomegalovirus
Parvovirus
Toxoplasmosis
Syphilis
Coxsackievirus
Adenovirus
Herpes simplex virus
Varicella

Monochorionic twins Twin-twin transfusion syndrome (donor or recipient)
Acardiac twin (donor)
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TABLE 41-1. NONIMMUNE HYDROPS: COMMON CAUSES AND ASSOCIATIONS—cont’d

EXAMPLES SUBCATEGORY EXAMPLES

Genetic Metabolic disorders Gaucher disease
GM1 gangliosidosis
Sialidosis
Niemann-Pick disease types A and C
Mucopolysaccharidosis
Carnitine deficiency
Pyruvate kinase deficiency
Glucose phosphate isomerase deficiency

Skeletal dysplasias Achondroplasia
Achondrogenesis
Osteogenesis imperfecta
Osteochondrodystrophy
Osteochondrodysplasia
Hypophosphatasia
Thanatophoric dysplasia
Asphyxiating thoracic dystrophy
Short-rib polydactyly syndrome

Fetal hypokinesis Arthrogryposis
Congenital myotonic dystrophy
Neu-Laxova syndrome
Pena-Shokeir syndrome

Other syndromes Noonan syndrome
Cornelia de Lange syndrome
Orofaciodigital syndrome
Idiopathic recurrent hydrops

Tumors Wilms’ tumor
Sacrococcygeal teratoma
Nephroblastoma
Neuroblastoma
Teratoma
Tuberous sclerosis
Arteriovenous malformation

Maternal Severe diabetes mellitus
Severe anemia
Severe hypoproteinemia
Indomethacin use (premature closure of ductus arteriosus)

Placental/cord Placental or umbilical vein thrombosis
Cord torsion, knot, or tumor
Umbilical artery aneurysm
Angiomyxoma of umbilical cord
Hemorrhagic endovasculitis of placenta
Chorioangioma

FIGURE 41-17. Pathogenesis of hydrops.

AnemiaArrhythmia

Cardiac failure

Hepatocellular
damage

Tissue hypoxia and
capillary leakage

↑ Systemic
venous pressure

Venous or lymphatic
obstruction

Infection

HypoproteinemiaHydrops

combination of these factors (Fig. 41-17). Fluid collec-
tions result from redistribution of fetal body fluids 
among the intravascular, intracellular, and interstitial 
compartments, secondary to an imbalance in capillary 
ultrafiltration and interstitial fluid return.26 Hypoxia and 
circulatory failure may result in capillary damage that 
leads to plasma protein and fluid loss from the intravas-
cular compartment.

Several factors predispose to edema in the fetus versus 
after birth. Both total body and extracellular fluid  
compartments are proportionately greater in the fetus, 
particularly at earlier gestational ages. Colloid osmotic 
pressure is lower because of lower albumin concentra-
tions. High compliance of the interstitial space facilitates 
the accumulation of large volumes of fluid. Many causes 
of fetal hydrops, especially those with a cardiac compo-
nent, result from an increase in systemic venous pressure, 
to which the fetus is particularly sensitive. In the fetus, 
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hydrops.36 The presence of hydrops with congenital 
structural heart disease carries a poor prognosis, with 
survival as low as 17% for those with tricuspid disease 
and hydrops.37 Some fetuses with structural cardiac 
anomalies also have rhythm disturbances, which contrib-
ute to the poor prognosis. In one series of 301 fetuses 
with atrioventricular (A-V) septal defects, the presence 
of fetal hydrops, together with bradycardia from sinus 
node dysfunction or complete heart block, was associ-
ated with a poor outcome.38

Cardiac Tumors. Cardiac tumors are a rare cause of 
fetal hydrops.39-44 Hydrops may be caused by several 
mechanisms, depending on the tumor location, size, and 
number. Cardiac lesions may cause obstruction to blood 
flow and alteration of A-V valve function and may lead 
to arrhythmia, cardiac tamponade, pericardial effusion, 
and hydrops.41-43

Rhabdomyomas are the most common fetal cardiac 
tumor and are seen in association with tuberous sclerosis 
in more than 80% of cases.44 Rhabdomyomas are also 
the most common cardiac tumors to cause hydrops. 
Usually, these tumors are multiple, well circumscribed, 
hyperechoic, and homogeneous and mainly involve the 
ventricular myocardium42 (Fig. 41-19). Rhabdomyomas 
tend to grow during the second half of pregnancy,45 so 
most are diagnosed during the second and third trimes-
ters. The location, size, and number of lesions corre-
spond to risk for hydrops. Rhabdomyomas may cause 
hydrops as a result of impaired diastolic filling, altered 
A-V valve function, or outflow obstruction.

Intrapericardial teratomas are rare, usually appear-
ing as cystic and solid masses outside the cardiac cavities, 
arising from the pericardium. Teratomas may be larger 
than the heart, and rapid growth of the tumor within 

there is a net movement of fluid from the intravascular 
to the extravascular space. Fivefold larger volumes of 
fluid are removed by the lymphatics in fetal models than 
in adult animal models. Thus, small elevations in sys-
temic venous pressure (2-3 mm Hg) in the fetus can 
substantially reduce lymphatic flow and can drive large 
amounts of fluid into the extracellular space. This process 
is further enhanced by the relatively greater permeability 
of fetal capillaries to protein. The fetus is therefore par-
ticularly susceptible to small elevations in venous pres-
sure from a number of causes, all of which can result in 
hydrops.12,13,24

Causes and Associations

Nonimmune hydrops is most commonly of a fetal etiol-
ogy, but also may be caused by maternal or placental 
factors (Table 41-1). Maternal causes (such as poorly 
controlled diabetes mellitus) are rare and should be dif-
ferentiated from maternal complications, which are sec-
ondary to fetal hydrops (termed mirror syndrome 
because edema develops in the mother of an hydropic 
fetus, “mirroring” the condition in the fetus).27,28 Mater-
nal thyrotoxicosis can cause fetal hyperthyroidism and 
fetal hydrops, with potential for resolution of hydrops 
after treatment with antithyroid drugs.29 Placental 
causes, such as chorioangioma and other vascular 
shunts, are relatively rare and are usually associated with 
high-output failure states and, in some cases, fetal 
anemia.30,31 Fetal metabolic causes are rare but impor-
tant, because diagnosis can lead to appropriate neonatal 
treatment and appropriate counseling of the patients 
regarding recurrence risks.

A classification scheme for fetal causes is shown  
in Table 41-1 and has some overlap in the groupings, 
some of which may represent associations rather than 
causations.

Cardiovascular Abnormalities

Cardiovascular abnormalities are the etiology of hydrops 
in up to 40% of cases.25,32 Hydrops is a rare complication 
of isolated cardiac abnormality because the fetus has a 
parallel flow circulation. In chromosomal abnormalities, 
however, other factors with or without cardiac abnor-
mality lead to hydrops.
Structural Cardiac Anomalies. In hydrops, cardiac 
structural abnormalities may be causative or may be 
found as associations33 (Fig. 41-18). Right-sided lesions, 
whether obstructive, such as pulmonary or tricuspid 
atresia, or structural lesions that result in right atrial 
volume or pressure overload, such as mitral regurgita-
tion, can result in congestive heart failure and hydrops.34,35 
Left-sided obstructive lesions, such as aortic stenosis, 
mitral stenosis, and coarctation of the aorta, can result 
in a hypoplastic left heart, causing increased blood flow 
through the fetal right ventricle, which may result in 

FIGURE 41-18. Hydrops secondary to structural 
cardiac abnormality. Note the enlarged abnormal heart, 
pleural effusions, and skin thickening.



Chapter 41 ■ Fetal Hydrops  1437

drainage.51 Drainage of pericardial effusion secondary to 
intrapericardial teratoma usually results in a live birth 
after 32 weeks’ gestational age.
Arrhythmias. Arrhythmias associated with hydrops are 
most often tachyarrhythmias (200 beats/min) and 
less frequently bradyarrhythmias. The diagnosis is 
important because treatment can reverse the hydrops. It 
is important to avoid premature delivery; treatment of a 
hydropic preterm fetus is difficult. Fetal tachyarrhyth-
mias are most often supraventricular tachycardia 
(SVT, which includes atrial fibrillation/flutter)52 (Fig. 
41-21). The prognosis for a fetus with an isolated 
arrhythmia is favorable, with a 95% likelihood of sur-
vival.53 However, when hydrops is present (41% in this 
series) with an otherwise isolated arrhythmia, the survival 
decreases to 73%.52 When studying neonates with fetal 
SVT, most cases are the result of reentry circuits.54 If the 
SVT is of limited duration, there are typically no fetal 
consequences. However, with sustained SVT, hydrops 
may develop. The presence of hydrops in these cases is 
associated with more difficult prenatal antiarrhythmic 
control of the tachycardia and higher mortality. Prenatal 
control of the tachycardia was achieved in 83% of treated 
nonhydropic fetuses, compared with 66% of the treated 
hydropic fetuses.52

Tachyarrhythmia treatment is almost always given 
transplacentally; the pregnant woman is given the drug, 
which crosses the placenta and enters the fetal circula-
tion. Rarely is direct fetal administration required.25 
Maternal digoxin is the mainstay of treatment,55-57 and 

the small, confined space can result in pericardial effu-
sion and hydrops as a result of cardiac compression46,47 
(Fig. 41-20). Drainage of pericardial fluid associated 
with an intrapericardial teratoma has been reported, with 
resolution of associated hydrops.48,49 Frequently, more 
than one drainage procedure is necessary.50 At times, 
a shunt is placed if fluid rapidly reaccumulates after 

FIGURE 41-19. Cardiac rhabdomyoma. Note the echo-
genic lesion (arrow) adjacent to the myocardium.

FIGURE 41-20. Mediastinal teratoma. T2-weighted 
MR image shows heterogeneous mediastinal mass (arrows) and 
ascites in the abdomen.
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100%.66 Treatment can be given with steroids and 
plasmapheresis.69-73

When structural abnormalities accompany heart 
block, hydropic fetuses have a combined fetal and neo-
natal mortality of 83% to 100%.63,67 Jaeggi et al.63 
reported 29 cases of prenatally diagnosed isolated con-
genital A-V block; six fetuses presented with hydrops: 
two died antenatally, and four died in the neonatal 
period.63 In these cases, corticosteroid use during preg-
nancy did not reverse hydrops or reduce the severity of 
A-V block. In addition to hydrops, other poor prognos-
tic factors include endocardial fibroelastosis with ven-
tricular dysfunction and coexistent structural heart 
disease.66 Although 95% of mothers tested positive for 
anti-Ro/La antibodies, fewer than 5% of these pregnant 
patients had signs and symptoms of connective tissue 
disease at diagnosis of fetal A-V block.63

Decreased Myocardial Function. Fetal cardiomyopa-
thy causes hydrops in 56% of cases.74 Cardiomyopa-
thies can be classified as primary or secondary or by an 
echocardiographic evaluation as dilated or hypertro-
phic. Primary fetal cardiomyopathies may have intrinsic 
causes (e.g., single-gene disorders, mitochondrial disor-
ders, chromosomal abnormalities, α-thalassemia) or 
extrinsic causes such as infection, maternal disease (auto-
antibodies or insulin-dependent diabetes) and twin-twin 
transfusion syndrome. Secondary fetal cardiomyopa-
thies may be associated with structural or functional 
cardiac disorders and high-output states.74

Neck Abnormalities

Neck masses, such as teratomas and lymphangiomas, 
may cause fetal hydrops from compression or high-out-

doses causing some maternal toxicity symptoms may be 
required. Digoxin alone is less likely to be successful in 
hydropic fetuses, with a response rate of 20%.52 Numer-
ous other antiarrhythmics, including sotalol, verapamil, 
flecainide, amiodarone, and adenosine, have also been 
used.58-61 Clinical and biochemical fetal hypothyroidism 
has been associated with the use of amiodarone.52,57 
Treatment for SVT has been described as early as 13 
weeks’ gestational age.62 In rare cases of SVT and 
hydrops, preterm delivery (if at sufficient gestational age) 
may be the best option, allowing for direct treatment of 
the tachyarrhythmia. Again, however, treatment of a 
hydropic preterm infant is difficult, and therefore 
preterm delivery is usually not indicated.
Heart Block. Congenital heart block (CHB) is a rare 
cardiac conduction defect, occurring in 1:15,000 to 
1:20,000 live births. In fetuses with CHB, hydrops 
results from a combination of low cardiac output, a 
structural lesion, and a slow heart rate. The increased 
venous pressure in association with low colloid oncotic 
pressure leads to edema. Because approximately one 
third of fetuses with CHB have associated structural 
heart defects, a detailed fetal echocardiographic assess-
ment is always warranted. In isolated heart block, mater-
nal rheumatologic disease is common. Maternal serologic 
testing for anti-Ro/La antibodies is warranted because 
transplacental passage of maternal anti-Ro and anti-La 
autoantibodies is seen in 95% of cases of fetal CHB.63 
These antibodies cross the placenta from as early as  
16 weeks’ gestational age and initiate inflammatory 
damage to the fetal conduction system and myocar-
dium.64,65 Hydrops develops with ventricular rates less 
than 60 beats/min (about 40% of cases with isolated 
heart block)66,67 and has a mortality rate of 25%68 to 

FIGURE 41-21. Supraventricular tachycardia (SVT). A, Atrial rate of 250 beats/min. B, Color Doppler ultrasound shows 
ductus venosus waveform with SVT.

A B
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hernias (Fig. 41-23) may cause nonimmune hydrops by 
similar mechanisms.77

The incidence of fetal hydrothorax is estimated at 
1:15,000 pregnancies. Isolated hydrothorax is most often 
caused by congenital chylothorax, a primary lymphatic 
abnormality. Accumulation of fluid in the pleural space 
may lead to pulmonary hypoplasia, compression of the 
heart, and obstruction of venous return, with subsequent 
development of hydrops and compression of the esopha-
gus leading to polyhydramnios. Untreated, the perinatal 
mortality is 22% to 53%.78-82 Associated malformations 
(~25% of cases) and aneuploidy (~7%) worsen the 
outcome.81-84

In the absence of hydrops, fetuses with isolated hydro-
thorax have such a good prognosis that invasive prenatal 

put cardiac failure (Fig. 41-22). A cystic hygroma (fluid 
in posterior neck) may indicate a chromosomal (e.g., 
Turner’s) or other abnormality. Of 42 fetuses with first-
trimester cystic hygroma, 14 developed hydrops later in 
pregnancy. Each of these had a nuchal translucency 
measurement of 3 mm or more at diagnosis of cystic 
hygroma.75 For fetuses presenting with hydrops in the 
first trimester, all have increased nuchal translucency.76

Thoracic Anomalies

Hydrops can result from obstruction of venous or lym-
phatic return due to maldevelopment, compression, 
kinking, or cardiac tamponade. Mediastinal masses (see 
Fig. 41-20), pleural effusions, and diaphragmatic 

FIGURE 41-22. Neck teratoma. A, Sagittal ultrasound 
with face up; mass (arrows) elevates chin. B, Three-dimensional 
ultrasound shows the relation of the mass with the face. C, 
Coronal T2-weighted MR image shows cervical mass outside fetal 
calvarium, with normal-appearing brain.

A B

C
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effusion (Fig. 41-24; see also Fig. 41-7), mediastinal 
shift, and ultimately, hydrops. However, the hydrops 
may not be caused only by the mediastinal shift, but also 
by high-output cardiac failure because of shunting that 
may occur in an anomalous systemic artery and venous 
drainage through pulmonary or systemic veins.86

In a report of 67 cases of lung masses, only 7% devel-
oped hydrops.87 Of 134 fetuses with CCAM referred to 
the two fetal surgical centers in the United States, 101 
were followed expectantly, and all 25 hydropic fetuses 
died, whereas all 76 nonhydropic fetuses survived,88 
suggesting that fetal surgery might be considered for 
hydropic cases. In the absence of hydrops, and provided 

treatment is not indicated.79,85 However, when hydrops 
develops, the outcome without intervention is very poor. 
In a large review, perinatal mortality in the hydropic 
group was 69% despite prenatal interventions in a 
number of cases.81

An echogenic lung mass is usually a congenital cystic 
adenomatoid malformation (CCAM), a bronchopul-
monary sequestration (BPS), an airway plug, or rarely, 
congenital high airway obstruction syndrome 
(CHAOS). Most cases of CCAM/BPS spectrum, regard-
less of their size, regress spontaneously at least partially 
during the third trimester, and only a minority become 
hydropic. Focal lung masses can lead to ipsilateral pleural 

FIGURE 41-23. Right-sided congenital diaphragmatic hernia. A and B, Oblique coronal ultrasound views of the torso 
show fluid, bowel loops, and liver (L) extending from the abdomen into the chest. C and D, Coronal and sagittal T2-weighted MR images 
show similar findings.
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of pleural effusion,98-101 thoracentesis and intravascular 
furosemide and digoxin,102 alcohol ablation of the vas-
cular pedicle with placement of a shunt,103 ablation of 
the abnormal systemic artery from the aorta,104,105 and 
open fetal surgery.95

In CHAOS the mechanism of hydrops is secondary 
to cardiac and great vessel compression by the enlarged 
fetal lungs.106

Pleural Drainage. Thoracic causes of hydrops, such as 
chylothorax and CCAM, have been successfully treated 
by thoracoamniotic chest shunt insertion in utero.82,83,93,107 
The main rationale for invasive therapy in these cases is 
to prevent pulmonary hypoplasia and prevent or reverse 
hydrops and polyhydramnios. Cases must be carefully 
selected because smaller effusions can resolve spontane-
ously, whereas others proceed to develop hydrops, poly-
hydramnios, and premature labor and/or intrauterine 
death.82 Aneuploidy is present in about 6% of cases of 
chylothorax and should be excluded.108 Isolated large 
effusions may be drained initially using a fine needle  
and the fluid sent for lymphocyte count,109 rapid karyo-
typing, protein, inclusion bodies, and infection studies. 
This maneuver also evaluates the ability of the lungs  
to reexpand and may occasionally be therapeutic. Effu-
sions that recollect rapidly can have multiple drainage 
procedures or may have shunt placement.79,110 With 
treatment, survival is greater than 60%.111 For large 
effusions occurring late in pregnancy, therapeutic  
drainage immediately before delivery facilitates neonatal 
resuscitation.112

there are no other anomalies, survival in these cases is 
virtually 100%.89,90

When a fetus with CCAM develops hydrops, the 
prognosis is poor, and antenatal intervention is often 
advisable. Intervention may be in the form of decom-
pression by cyst aspiration or shunt, or open fetal surgery. 
A 2006 meta-analysis showed that shunting of CCAMs 
improved survival in fetuses with hydrops, as opposed to 
no effect on survival in fetuses with chest masses without 
hydrops.91 Antenatal predictors of progression to hydrops 
include a combination of microcystic and macrocystic 
components and a large volume ratio of the mass to the 
normal lung (>1.6).92 For fetuses with no dominant cyst 
and CCAM volume ratio less than 1.6, 97% did not 
progress to hydrops, whereas in the group with volume 
ratio greater than 1.6, 75% progressed to hydrops.92 
The success with open fetal surgery in cases of CCAM 
is variable, 29% to 62%. Antenatal aspiration of a mac-
rocystic CCAM at times may be an effective treatment,92 
but frequently it is ineffective because of rapid reaccu-
mulation of the cysts. In cases with rapid reaccumulation 
of fluid, thoracoamniotic shunting may be a better 
approach.93 Maternal administration of steroids also may 
be helpful.94

Although nonimmune hydrops fetalis rarely occurs in 
BPS cases, it is associated with a high rate of perinatal 
mortality and severe respiratory insufficiency in the 
neonate.95,96 However, neonates with BPS and hydrops 
can survive.97 Different strategies of in utero treatment 
have been proposed, such as thoracoamniotic shunting 

FIGURE 41-24. Resolving sequestration with ipsi-
lateral pleural effusion. T2-weighted MR image shows a 
low-signal-intensity lung mass (arrow) caused by a resolving 
sequestration. Note the higher signal intensity of the normal lower 
lung (Lu) and surrounding pleural effusion.

Lu
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also Fig. 41-14). The ascites may be clear or particulate on 
ultrasound, and its appearance may change over time. The 
bowel will usually have a bunched or matted appearance, 
and areas of calcification may be visible. If this diagnosis 
is suspected, the parents should be offered carrier testing 
for the common cystic fibrosis mutations, approximately 
85% of which are now routinely detectable.

Urinary Tract Anomalies

Urinary tract anomalies are rare causes of hydrops. Con-
genital nephrosis can lead to severe proteinuria and 

Gastrointestinal Anomalies

Anomalies of the GI tract typically cause isolated ascites, 
rather than hydrops. If there is local obstruction of lym-
phatic and venous drainage, as from GI obstruction, 
volvulus, or omphalocele, hydrops may result in rare 
cases. Abdominal masses presumably act by compression 
of venous return, although hypoproteinemia or A-V 
shunting can also play a role.

Meconium peritonitis is associated with fetal cystic 
fibrosis in 70% of cases. Bowel rupture results in a sterile 
chemical peritonitis, often with ascites113 (Fig. 41-25; see 

FIGURE 41-25. Meconium peritonitis. A to D, Transverse views of the fetal abdomen demonstrate echogenic bowel and punctate 
echogenicities (arrows) around the spleen (SPL) and liver. Note associated ascites (curved arrow in B) and pleural effusion (arrowhead 
in C).
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secondary to twin-twin transfusion syndrome (TTTS) 
and acardiac twinning. TTTS accounts for up to 9% of 
cases of nonimmune hydrops116,117 and occurs in approx-
imately 15% of monochorionic twins, representing the 
most common major complication for this group. It is 
responsible for 15% to 20% of perinatal deaths in twins 
overall.118 TTTS is caused by a net transfer of blood from 
a donor fetus to the recipient fetus through unbalanced, 
unidirectional A-V placental anastomoses. This tends to 
result from deep unidirectional A-V channels with a 
paucity of superficial bidirectional channels.119 It leads 
to an imbalance in amniotic fluid (polyhydramnios/oli-
gohydramnios sequence) caused by polyuria in the recip-
ient, who is hypervolemic, and has a persistently full 
bladder. As TTTS worsens, the recipient develops car-
diomegaly with decreased cardiac function, ultimately 
leading to hydrops. The donor has a persistently empty 
bladder and is often “stuck” against the uterine wall as a 
result of severe oligohydramnios (Fig. 41-27). The donor 
can also be growth restricted secondary to placental 
insufficiency, with increased resistance in the umbilical 
arterial Doppler waveforms. The Quintero classification 
of TTTS is as follows120:
I Donor twin bladder still visible.
II Donor bladder no longer visible, but no critically 

abnormal Doppler studies.
III Critically abnormal Doppler studies (absent or 

reverse end diastolic velocity in umbilical artery, 
reverse flow in ductus venosus, or pulsatile flow in 
umbilical vein).

IV Hydrops.
V Death of either twin.
Mechanism of Hydrops. Hydrops may develop in 
either twin in cases of TTTS.120 The recipient twin 
experiences an elevation in cardiac output and blood 
pressure due to shunting of blood through the A-V  

hypoalbuminemia as the etiology of hydrops.114 Bladder 
rupture can lead to urinary ascites but rarely hydrops 
(Fig. 41-26).

Lymphatic Dysplasia

Congenital lymphatic dysplasia may be the source of 
many cases of hydrops that do not have an obvious cause. 
Bellini et al.115 found that six newborns presenting at 
birth with hydrops of unidentified cause all had lym-
phatic dysplasia.

Twins

Twins have an increased incidence of hydrops secondary 
to a higher incidence of congenital anomalies and  

FIGURE 41-26. Lower urinary tract obstruction. 
Urinary ascites in obstructive uropathy with bladder rupture. 
Note the thickened bladder wall.

FIGURE 41-27. Twin-twin transfusion syndrome (TTTS) at 20 weeks’ gestation. A, Polyhydramnios and hydropic 
recipient twin. B, Note membrane (arrow) closely adjacent to the stuck twin.

B
A
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anastomoses. Initially, the increase in right ventricular 
(RV) workload is compensated for by ventricular hyper-
trophy, with minimal hemodynamic dysfunction. With 
ongoing volume and pressure overload, the RV stretches 
and the tricuspid regurgitation begins, probably associ-
ated with increase in RV end-diastolic pressure, reflected 
in the end-diastolic pressure of the right atrium. Atrial 
contractions against an elevated pressure produce retro-
grade flow during atrial systole in the ductus venosus, 
hepatic veins, and inferior vena cava. Eventually, meta-
bolic acidosis and congestive heart failure develop.121

Conservative management of early-onset severe TTTS 
is associated with a survival rate of less than 10%.122 
Mortality is caused by extreme prematurity, in associa-
tion with growth restriction in the donor and cardiac 
failure and hydrops in the recipient. Current series 
suggest improved survival and decreased neurologic 
sequelae if severe TTTS before 26 weeks is treated with 
endoscopic selective laser ablation of the placental vas-
cular anastomoses.123,124 Serial therapeutic amnioreduc-
tion has also been shown to improve perinatal outcome.125 
Recent studies show that laser treatment has better 
results than amnioreduction.

In acardiac twins (twin reversed arterial perfusion 
[TRAP] sequence) a monochorionic pair has a pump 
twin and an acardiac twin. The pump twin perfuses the 
acardiac twin and develops high-output cardiac failure. 
The acardiac twin has anasarca but not true hydrops. 
Treatment involves interruption of the blood flow to the 
acardiac twin, typically by radiofrequency ablation,126-128 
laser ablation,129 or cord ligation.130

Chromosomal Anomalies

The incidence of aneuploidy is higher in hydrops cases 
presenting before 24 weeks than those later in preg-
nancy. Before 24 weeks, the incidence of aneuploidy  
in cases of hydrops ranges from 33% to 78%.131-133 
Turner’s syndrome is classically associated with a cystic 
hygroma in the first and early second trimesters (Fig. 
41-28; see also Fig. 41-14). Many of these disorders 
result in early spontaneous abortion. Trisomies 21, 18, 
and 13 and triploidy have been associated with nonim-
mune hydrops, although it is often unclear why hydrops 
develops. There are a few reports of transient abnormal 
myelopoiesis with trisomy 21 as a cause of hepatomegaly 
and nonimmune hydrops.134,135 In these cases, PUBS 
demonstrates fetal anemia and hypoalbuminemia. A 
hydropic fetus with multiple structural anomalies, prom-
inent cystic hygromas, or increased nuchal translucency 
likely has a chromosomal abnormality. The physiologic 
basis for increased nuchal translucency is incompletely 
understood, but it may be caused by delayed lymphatic 
development or related to cardiovascular malforma-
tions,136 especially in cases with aneuploidy.137 After 24 
weeks the incidence of aneuploidy in hydrops is as low 
as 2%.132

Tumors

Arteriovenous malformations and arteriovenous shunt-
ing in large tumors with a high proportion of solid tissue 
lead to hydrops by causing high-output cardiac failure 
and leading to Kasabach-Merritt sequence (consump-
tive coagulopathy). Selected fetuses with tumors, such as 
large sacrococcygeal teratoma associated with hydrops, 
have undergone in utero procedures, including cyst aspi-
ration and open fetal surgical resection. However, these 
procedures are complicated by preterm delivery and 
other obstetric complications.138

Anemia

Fetal anemia is caused by decreased RBC production, 
increased hemolysis, or hemorrhage. If the process is 
gradual, the fetus mounts a compensatory erythropoietic 
response, and nonimmune hydrops develops only when 
the anemia exceeds its ability to keep pace, which is  
typically when the hemoglobin concentration deficit is 
7 g/dL or greater.13 Hydrops results from a combination 
of high-output cardiac failure and hypoxic capillary 
damage, causing protein leakage, as well as infiltration  
of the liver by erythropoietic tissue, leading to portal 
hypertension.13

Decreased Red Blood Cell Production. Homozygotes 
with α-thalassemia cannot manufacture HbF in utero 
or hemoglobin A (HbA) after birth.139 Instead, Hb Bart 
is formed in utero, which has such a high affinity for 
oxygen that tissue hypoxia results, leading to capillary 
damage, protein leakage, cardiac failure, and hydrops. 
Other causes of decreased RBC production in utero 
include generalized marrow aplasia, as found in parvo-
virus infection20,26 or fetal leukemia.135

Hemolysis. Glucose-6-phosphate dehydrogenase 
(G6PD) deficiency has been reported as a rare cause of 
nonimmune hydrops resulting from increased hemoly-
sis.140 Hemolysis may also contribute to anemia caused 
by in utero infection.
Hemorrhage. Blood loss may occur either into another 
fetus in TTTS, into the fetus itself (e.g., intracranial), 
into a tumor (e.g., sacrococcygeal teratoma), or 
transplacentally.

Infection

Intrauterine infections account for up to 16% of cases of 
nonimmune hydrops.116 An autopsy series of fetuses with 
in utero demise and nonimmune hydrops showed that 
33% had infection.32 Hydrops may result from effects on 
the bone marrow (parvovirus, cytomegalovirus [CMV], 
toxoplasmosis), myocardium (adenovirus, coxsackie-
virus, CMV, leading to CHF), vascular endothelium 
(hypoxic capillary damage causing protein leakage), or 
overwhelming sepsis with hepatitis and decreased protein 
production (syphilis).141-146 In addition to hydrops, signs 
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FIGURE 41-28. Turner’s syndrome in first and second trimesters. A, Fetus at 12 weeks with diffuse skin thickening 
and lymphangiectasia. B and C, Fetus at 13 weeks with nuchal thickening and diffuse body wall edema. D to G, Fetus at 18 weeks 
with cystic hygroma and pleural effusion and diffuse body wall edema. H and I, Fetus at 19 weeks with cystic hygroma (arrows) and 
ascites (A).
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of infection include calcifications in the pericardium or 
brain, as well as ventriculomegaly.
Human Parvovirus B19. Human parvovirus B19 is 
responsible for up to 27% of cases of non immune 
hydrops.147 Myocarditis and fetal anemia secondary to 
bone marrow aplasia are thought to be the mechanisms 
of hydrops (Fig. 41-29). The marrow is particularly 
sensitive to parvovirus infection from 16 to 24 weeks’ 
gestation.141 The impact on RBC aplasia is further 
pronounced by the shortened life span of RBCs  
(45-70 days).148

Fetal infection occurs in up to 10% of pregnancies 
with maternal infection. This leads to an excess fetal loss 
rate of 9% of fetuses infected between 9 and 20 weeks’ 
gestation.149 In the first trimester, fetal infection can 
cause miscarriage, whereas in the second trimester, the 
fetus is at risk for hydrops. In contrast to most other 
congenital infections, adverse long-term sequelae are 
rarely associated with parvovirus.144 Although hydrops 
associated with parvovirus B19 can spontaneously resolve 
without transfusion,150-153 most cases benefit from intra-
uterine transfusion. Parvovirus infection is suspected 
when maternal blood shows positive immunoglobulin M 
(IgM, indicating a recent infection) and high or increas-
ing IgG. Cordocentesis will show aplastic anemia with 
few reticulocytes, although at times the hydrops is caused 
by myocarditis.150 Fetal parvovirus infection is diagnosed 
by polymerase chain reaction (PCR) testing of amniotic 
fluid or fetal blood.154 PCR results can be available 
within a few hours.

When maternal parvovirus infection is discovered, 
serial monitoring of the pregnancy is indicated, with 

weekly sonograms for 8 to 12 weeks after maternal infec-
tion. Sonograms are performed to assess for signs of 
hydrops and include Doppler analysis to assess for ele-
vated MCA velocity, as an indication of fetal anemia.
Toxoplasmosis. Congenital infection with Toxoplasma 
gondii may cause anemia, intracerebral or intrahepatic 
calcifications, ventriculomegaly, and chorioretinitis,  
and can present with hydrops, particularly ascites.155-157 
Most pregnant women with congenital toxoplasmosis 
are asymptomatic or only mildly symptomatic  
during pregnancy. The rate of fetal infection varies 
according to the gestational age at the time of vertical 
transmission, ranging from 26% to 40%.155 Prenatal 
diagnosis of toxoplasmosis can be difficult and depends 
on the demonstration of maternal seroconversion and/
or the parasite in amniotic fluid by PCR or isolation 
techniques.155 Diagnosis is important because infected 
mothers are treated with spiramycin throughout preg-
nancy; if fetal infection was demonstrated, pyrimeth-
amine and sulfadoxine or sulfadiazine are added to the 
regimen.155

Other Infections. Congenital CMV infection is respon-
sible for 1% to 2% of cases of nonimmune hydrops and 
can occur even with recurrent maternal infection.158 Fetal 
treatment can be attempted with umbilical vein injection 
of ganciclovir159 or intraperitoneal injection of hyperim-
munoglobulin.160 Rubella, syphilis, and varicella are 
less common causes of nonimmune hydrops.161,162 Diag-
nosis is important; in cases of syphilis, since if the fetus 
is in the third trimester and the lungs are mature, delivery 
and treatment with penicillin can lead to resolution of 
the hydrops. Rare infectious causes of nonimmune 

FIGURE 41-29. Hydrops in fetus with parvovirus infection and anemia at 19 weeks. A, Transverse view of the 
fetal thorax shows a slightly enlarged heart with echogenic myocardium and small pericardial effusion. B, Transverse view of abdomen 
shows ascites. Middle cerebral artery Doppler studies (not shown) showed peak systolic velocity of 55 cm/sec, indicating severe anemia.
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10%25,116 and will continue to decrease as our investiga-
tive abilities improve.

DIAGNOSTIC APPROACH  
TO HYDROPS

Systematic prenatal evaluation can establish a cause for 
nonimmune hydrops in up to 90% of cases.116 This is 
important not only for the management of the current 
pregnancy, but also for future genetic counseling.32

History

A detailed history may provide the first clues to the etiol-
ogy and may suggest appropriate investigations. For 
example, a maternal history of systemic lupus erythema-
tosus or diabetes may be relevant, and homozygous 
α-thalassemia is particularly prevalent in patients of 
Southeast Asian origin. Blood type can supply a clue  
to isoimmunization. Maternal diseases with anemia or 
infection are important. Previous pregnancy losses may 
be related to one of the inborn errors of metabolism or 
chromosome rearrangements, and the family history or 
presence of consanguinity may suggest other genetic 
conditions. Parvovirus infection is more likely to occur 
in teachers or day-care workers.179 Medication use can at 
times establish a cause.

Complete Obstetric Ultrasound

A comprehensive sonographic evaluation should be the 
initial step. However, no sonographic cause is found in 
15% to 30% of cases. Polyhydramnios is a common 
association. A common indication for ultrasound is the 
clinical suspicion of being large for gestational dates. 
Collections of fluid in the pleural, peritoneal, and peri-
cardial spaces are diagnostic, and their relative distribu-
tion and the timing of their development may give a clue 
to the etiology.180 Ultrasound markers of aneuploidy 
suggest a chromosomal cause. The degree of polyhy-
dramnios should be assessed because this may pose an 
imminent threat of premature rupture of the membranes 
or preterm labor, and the cervix should be imaged to 
ensure there is no funneling or shortening.

A systematic detailed survey of fetal anatomy should 
be performed, searching for other clues to the etiology 
of the hydrops. The fetal bladder should be visualized  
to exclude urinary ascites caused by bladder rupture. 
Bone length, curvature, density, and presence or absence 
of fractures should be evaluated to exclude skeletal dys-
plasias. Stigmata of congenital infection should be 
assessed, such as microcephaly or calcifications within 
the fetal brain or liver. A dedicated fetal echocardio-
graphic structural and functional assessment is warranted 
to evaluate fetal heart structure, rhythm, and function in 
hydrops.

hydrops include herpes simplex virus,163,164 adenovi-
rus,165 and acute maternal hepatitis B infection.166

Genetic Disorders

Multiple nonchromosomal genetic conditions can cause 
nonimmune hydrops167 (see Table 41-1). The mecha-
nisms are poorly understood and are multifactorial. In 
storage diseases, the most likely mechanism is hepatic 
infiltration resulting in hypoproteinemia or vascular 
obstruction.

Metabolic Disorders

Inborn errors of metabolism are rare, and these are a  
rare cause of hydrops. However, diagnosis is important 
because early treatment of some disorders can lead to 
improved outcome. Diagnosis is also important for 
genetic counseling regarding recurrence risk. Lysosomal 
disorders associated with hydrops fetalis include GM1 
gangliosidosis, galactosialidosis, infantile free–sialic acid 
storage disease, mucopolysaccharidosis types IV and VII, 
mucolipidosis types I and II, Gaucher disease type II, 
Farber disease, Niemann-Pick disease, Wolman disease, 
and multiple sulfatase deficiency.168 Hydrops fetalis has 
been associated with deficiencies of G6PD140 or pyruvate 
kinase,169,170 Pearson syndrome171 and other mitochon-
drial disorders,171,172 congenital defects of N-glycosyl-
ation,173 glycogen storage disease type IV,174 and neonatal 
hemochromatosis.175

Skeletal Disorders

Skeletal dysplasia is a rare cause of hydrops.167 Examples 
include achondroplasia, achondrogenesis, osteogenesis 
imperfecta, hypophosphatasia, and arthrogryposis.

Endocrine Disorders

Fetal endocrine disorders are rare causes of nonimmune 
hydrops. Fetal hypothyroidism and hyperthyroidism can 
cause hydrops.171,176 Hydrops can develop from maternal 
antibodies crossing the placenta, even if the pregnant 
patient has already been treated for Graves’ disease.177

Drugs

In utero exposure to indomethacin can result in ductus 
arteriosus constriction and rarely, hydrops. Because of 
this, ultrasound evaluation of the ductus arteriosus 
should be performed within 48 hours of starting indo-
methacin therapy.178

Idiopathic Disorders

The number of idiopathic cases of nonimmune hydrops 
(for which we still cannot identify a cause) is about 
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Postnatal Investigations

After birth, the placenta should be sent for pathology, and 
a skeletal survey may be helpful. A geneticist may see the 
neonate to provide additional input. In cases of demise, 
detailed autopsy and placental examination, correlated 
with antenatal findings, is the best way to determine the 
etiology of nonimmune hydrops.188,189 Further investiga-
tions may be prompted by additional physical findings at 
autopsy.190 If a metabolic condition is suspected as the 
cause of hydrops, inclusion bodies can be sought on 
microscopy. In some series the cause of hydrops was iden-
tified in only 40% to 50% of patients without autopsy,132 
versus 80% to 90% after postmortem examination.5,188

FETAL WELFARE ASSESSMENT  
IN NONIMMUNE HYDROPS

Noninvasive ultrasound techniques for fetal welfare 
assessment in pregnancies complicated by nonimmune 
hydrops include biophysical assessment, pulsed Doppler 
velocimetry of umbilical and regional fetal vessels, and 
functional cardiac assessment. Fetal Doppler evaluation 
may give some indi cation of anemia, cardiac failure, and 
well-being.22 Umbilical vein and intrahepatic vein pulsa-
tions, or ductus venosus a-wave reversal, represent 
cardiac diastolic dysfunction and have been correlated 
with poor perinatal outcomes.191

OBSTETRIC PROGNOSIS

The overall mortality in nonimmune hydrops is approx-
imately 70%,25 with mortality in cases of structural 
abnormalities not amenable to therapy as high as 100%. 
In a series of 100 cases of nonimmune hydrops, 74 were 
thought to have a nontreatable cause, and none of these 
resulted in a live birth; of 26 with a treatable cause, 18 
resulted in a live birth and were alive at 1 year of age.25 
Gestational age at diagnosis of hydrops has been used to 
predict outcome. A 10-year review of 82 cases presenting 
after 20 weeks132 reported an overall mortality of 87%, 
and those diagnosed after 24 weeks were more likely to 
be idiopathic or related to cardiothoracic abnormalities. 
Spontaneous resolution of hydrops has been reported  
in fetuses with normal chromosomes diagnosed before 
24 weeks.

Although the overall prognosis for fetal hydrops has 
improved in recent years, most series are small with a 
mixture of causes and thus are difficult to compare. 
Some improvement in outcome over earlier reports is 
attributable to the growing number of cases that are 
amenable to in utero therapy. Unfortunately, many  
cases still represent a terminal process. Earlier identifica-
tion and referral, thorough evaluation, and fetal therapy 
in appropriate cases are the cornerstone to further 

Amniocentesis for fetal karyotype (if at an appropriate 
gestational age), antigen tests by PCR, and culture for 
syphilis, CMV, and toxoplasmosis are often indicated. 
MCA Doppler should be performed, with PUBS when 
the Doppler indicates anemia.

Maternal Investigations

Maternal blood type, indirect Coombs’ test (antiglobu-
lin titer), and presence or absence of RBC antibodies 
should be checked to exclude immune hydrops. Other 
baseline tests include a complete blood count (CBC) and 
indices, Kleihauer-Betke, infection screen (TORCH, 
parvovirus IgM/IgG), and glucose.

Fetal Investigations

Fetal karyotype can be determined from amniotic fluid, 
chorionic villus sampling (CVS), fetal blood, or fluid 
aspirated from one of the fetal body cavities. The most 
appropriate choice depends on gestational age, accessibil-
ity, and urgency of results. A rapid karyotype can be 
obtained successfully from most collections of fetal body 
fluid.181 Fluorescent in situ hybridization (FISH) can 
be used to identify common aneuploidies (trisomies 13, 
18, and 21; monosomy X or Turner’s) as well as other 
specific deletions and chromosome rearrangements. This 
technique can provide a result from amniotic fluid in 24 
to 48 hours.182 In practice, the confirmation or exclusion 
of the most common aneuploidies is often adequate to 
guide pregnancy management. Amniotic fluid is prefer-
able for both viral culture and PCR for toxo plasmosis156 
and CMV, and it can be used to assess fetal lung matu-
rity at later gestations. CVS is an alternative at any gesta-
tion for obtaining a rapid karyotype or DNA testing.
Fetal Blood Sampling. Fetal blood sampling is a key 
investigation in many cases when the chromosomes do 
not provide a diagnosis. Basic fetal blood work should 
include a direct Coombs’ test, CBC and indices, karyo-
type, protein, albumin, and viral-specific IgM. Other 
tests are done selectively,183,184 and samples can be stored 
for subsequent evaluation. With this approach, one can 
elucidate the etiology of hydrops in most cases. The risk 
of fetal loss from this procedure is 0.8%185 to 2.8%,186 
although in the sick fetus with nonimmune hydrops, 
higher loss rates occur.187 If it is anticipated that the fetus 
may require transfusion (e.g., parvovirus infection with 
elevated MCA Doppler velocity), it is prudent to have 
crossmatched blood and platelets ready to avoid the risks 
with a second procedure.
Cavity Aspiration. The clinician can usually advance 
the needle easily into the fetal chest, abdomen, or amni-
otic fluid at the time of fetal blood sampling or amnio-
centesis (Fig. 41-30). This can be both diagnostic (e.g., 
lymphocyte count in chylothorax or for rapid karyotype) 
and occasionally therapeutic. Simultaneous sampling 
does not increase the overall procedure risk.
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cannot be cured, delivery may limit the risk of maternal 
complications.28,199

Espinoza et al.200 recently suggested the high plasma 
concentrations of soluble vascular endothelial growth 
factor receptor 1 (sVEGFR-1) is implicated in the patho-
physiology of mirror syndrome. Hypoxia of the villous 
trophoblast in cases of villous edema leads to increased 
production and release of sVEGFR-1 and other antian-
giogenic factors into the maternal circulation. Excessive 
concentrations of these products may be responsible for 
maternal edema in mirror syndrome.

Delivery

Mode and location of delivery are based on obstetric 
factors, taking into account the underlying prognosis.201 
Uterine overdistention in severe polyhydramnios carries 

improvements in prognosis. Obtaining the best diagno-
sis is helpful in counseling about recurrence risks.

Maternal Complications  
(Mirror Syndrome)

Maternal complications may occur in association with 
fetal hydrops. Hypoproteinemia, edema, weight gain, 
hypertension, oliguria, and preeclampsia may develop.192 
This association has been termed mirror syndrome 
because edema in the pregnant patient mirrors that of 
the hydropic fetus.27,193,194 The syndrome has been 
described in conjunction with hydrops of various etiolo-
gies.192,195,196 Perinatal mortality and morbidity are 
high. Maternal outcome can be improved by delivery  
of the fetus and placenta or by fetal intervention to  
treat the etiology of the hydrops.194,197-199 If hydrops 

A B

C

FIGURE 41-30. Drainage of ascites in fetus at 26 
weeks with lymphatic duct dysplasia. A, Transverse 
view of fetal abdomen shows ascites with omentum (arrows) out-
lined by ascitic fluid. B and C, Images during draining procedure 
show the needle in the amniotic fluid (B) and ascitic fluid (C).
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normal neurologic status, 7% had minor neurologic dys-
function, and 4% had spastic cerebral paresis.

CONCLUSION

Hydrops represents a terminal stage for many condi-
tions, the vast majority of which are fetal in origin. The 
onset of hydrops signifies fetal decompensation. Immune 
causes can be successfully treated in utero, as can an 
increasing number of nonimmune causes. Whereas in 
the past nonimmune hydrops carried virtually 100% 
mortality, this is no longer the case. A team approach 
using obstetric imagers, maternal fetal medicine special-
ists, neonatologists, and geneticists can help to decide 
which cases are suitable for therapeutic intervention. A 
comprehensive approach must be taken to the investiga-
tion of hydrops, both for the management of the index 
case and for future counseling. Cornerstones of this 
investigation are detailed ultrasound, including echocar-
diography, fetal karyotyping and other diagnostic inter-
ventions as appropriate, and pathologic examination of 
the fetus and placenta.
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Sonographic measurements of the fetus provide 
information about fetal age and growth. These data are 
used to assign gestational age, estimate fetal weight, and 
diagnose growth disturbances. As discussed in other 
chapters, fetal measurements are also used in the diag-
nosis of a number of fetal anomalies, such as skeletal 
dysplasias1 and microcephaly.2 Each of these abnormali-
ties can be diagnosed or suspected on the basis of mea-
surements that deviate from the “normal for dates.”

It is important to begin by defining the various terms 
used in the evaluation of the age of a pregnancy. The 
true measure of age is the number of days since concep-
tion, termed conceptional age. Historically, pregnancies 
were dated by the number of days since the first day of 
the last menstrual period (LMP), termed menstrual age. 
In women with regular 28-day cycles, menstrual age is 2 
weeks more than conceptional age, because conception 
occurs approximately 2 weeks after the LMP in such 
women. Currently, the term most often used to date 
pregnancies is gestational age, defined as follows: 

Gestational age menstrual age
Conceptional age weeks

( )
= + 2

In women with 28-day cycles, gestational age and men-
strual age are equal. In women with longer cycles, gesta-
tional age is less than menstrual age; the opposite holds 
in women with shorter cycles.

Accurate knowledge of gestational age is important for 
a number of reasons. The timing of chorionic villus 
sampling and screening tests in the first trimester, genetic 
amniocentesis in the second trimester, and elective 
induction or cesarean delivery in the third trimester  
are all based on the gestational age. The differentiation 

between term and preterm labor and the characterization 
of a fetus as “postdates” depend on gestational age. 
Knowledge of the gestational age can be critical in dis-
tinguishing normal from pathologic fetal development. 
Midgut herniation, for example, is normal up to 11 to 
12 weeks of gestation,3 but signifies omphalocele there-
after. The normal size of a variety of fetal body parts 
depends on gestational age, as do levels of maternal 
serum alpha-fetoprotein,4 human chorionic gonadotro-
pin,5 and estriol.6 When a fetal anomaly is detected pre-
natally, the maternal choices and obstetric management 
are significantly influenced by gestational age. In fact, 
virtually all important clinical decisions in obstetrics are 
influenced by gestational age.

Estimation of the fetal weight, on its own and in rela-
tion to the gestational age, can influence obstetric man-
agement decisions concerning the timing and route of 
delivery. Early delivery may benefit a fetus that is small 
for dates. Such a fetus may be inadequately supplied by 
its placenta with oxygen and nutrients and therefore may 
do better in the care of a neonatologist than in utero. 
When the fetus is large, cesarean section may be the 
preferred route of delivery, particularly in pregnancies 
complicated by maternal diabetes. In view of these con-
siderations, fetal measurements should be a component 
of every complete obstetric sonogram.7

GESTATIONAL AGE 
DETERMINATION

Clinical dating of a pregnancy is usually based on the 
patient’s recollection of the first day of her LMP and on 
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physical examination of uterine size. Unfortunately, 
both these methods are subject to imprecision, leading 
to inaccuracies in gestational age assignment. Dating by 
LMP (menstrual age) may be inaccurate because of vari-
ability in length of menstrual cycles (early or late ovula-
tion occurs in 20% of population), faulty memory, 
recent exposure to oral contraceptives, or bleeding during 
early pregnancy.8 Determining gestational age from the 
palpated dimension of the uterus may be affected by 
uterine fibroids, multiple pregnancy, and maternal body 
habitus.

Clinical dating is accurate only if one of two condi-
tions apply: (1) the patient is a good historian with 
regular menstrual cycles, and the uterine size correlates 
closely with LMP; and (2) information is available speci-
fying the time of conception, such as a basal body  
temperature chart or in vitro fertilization. When the 
pregnancy cannot be dated accurately by clinical evalu-
ation, sonography is accepted as the most useful and 
accurate tool for estimating gestational age.

First Trimester

Sonographic milestones of early pregnancy and measure-
ment of the embryo once it can be visualized by trans-
vaginal ultrasound allow highly accurate dating from 5 
weeks’ gestation until the end of the first trimester.

The earliest sign of an intrauterine pregnancy is iden-
tification of a gestational sac in the uterine cavity. This 
appears as a round or oval fluid collection surrounded 
by one and sometimes two echogenic rings formed by 
the proliferating chorionic villi and the deeper layer of 
the decidua vera (Fig. 42-1). It is first seen at approxi-
mately 5 weeks’ gestation.9-11

From 5 to 6 weeks’ gestation, two methods are used 
to assign gestational age by ultrasound: (1) measurement 
of mean sac diameter (MSD) or (2) sonographic iden-
tification of gestational sac contents. The MSD, the 
average internal diameter of the gestational sac, is calcu-
lated as the mean of the anteroposterior (AP) diameter, 
the transverse diameter, and the longitudinal diameter. 
It increases from 2 mm at 5 weeks to 10 mm at 6 
weeks,12 a growth pattern that can be used to assign 
gestational age during this period (Table 42-1).

The second method, based on the sonographic find-
ings within the gestational sac, is best done by transvagi-
nal sonography and relies on the observation that, on 
average, the gestational sac is first identifiable at 5.0 
weeks, the yolk sac at 5.5 weeks (Fig. 42-2), and the 
embryo and embryonic heartbeat at 6.0 weeks13 (Fig. 
42-3). From 6.3 weeks onward, ultrasound will visualize 
an embryo 5 mm or greater in length, by which time a 
heartbeat should always be seen if the embryo is alive. 
The timing of these milestones is subject to some vari-
ability, but they usually are seen within 0.5 week of the 
stated gestational ages. Gestational age can be assigned 
based on these milestones (Table 42-2).

FIGURE 42-1. Gestational sac. At 5.0 weeks’ gestation, 
gestational sac (arrow) appears as a small, intrauterine fluid col-
lection with an echogenic rim; COR UT, coronal uterus. Note 
how this is eccentrically located within the endometrium.

FIGURE 42-2. Yolk sac. Gestational sac contains yolk sac 
(arrow) on transvaginal sonogram at 5.5 weeks’ gestation; SAG 
ML, sagittal midline. No embryo is seen.

TABLE 42-1. GESTATIONAL DATING BY 
MEAN SAC DIAMETER (MSD) IN THE 

EARLY FIRST TRIMESTER

MSD (mm) GESTATIONAL AGE (weeks)*

2 5.0
3 5.1
4 5.2
5 5.4
6 5.5
7 5.6
8 5.7
9 5.9

10 6.0

*Values from Daya S, Wood S, Ward S, et al. Early pregnancy assessment with 
transvaginal ultrasound scanning. CMAJ 1991;144:441-446.

95% confidence interval = ±0.5 week.
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developed fetus becomes less reliable. At this later stage, 
the CRL is affected by the fetal position, measuring 
shorter in a fetus whose spine is flexed and longer in a 
fetus whose spine is extended.

The accuracy of gestational age determination by 
ultrasound, as measured by the width of the 95% con-
fidence range, is approximately ±0.5 week throughout 
the first trimester.14,15 The sonographic estimation of 
gestational age will be within 0.5 week of the actual age 
in 95% of cases.

Second and Third Trimesters

Many sonographic parameters have been proposed for 
estimating gestational age in the second and third tri-
mesters. These include several fetal measurements: bipa-
rietal diameter (BPD),17,18 head circumference (HC),19 
abdominal circumference (AC),20 femur length 
(FL),18,21-23 length of other long bones,22 and binocular 
distance,24 as well as combinations of two or more fetal 
measurements: the corrected-BPD25 and composite age 
formulas.20,26 Measurements of structurally abnormal 
fetal body parts should not be used in the assignment of 
gestational age.

Fetal Head Measurements

Three measurements or parameters involve the fetal 
head: BPD, corrected-BPD, and HC. All three measure-
ments are taken from transaxial sonograms of the fetal 

FIGURE 42-3. Embryonic heartbeat. Transvaginal 
sonogram and M-mode at 6 weeks demonstrate cardiac activity 
(calipers) originating from tiny embryo (arrow) adjacent to the 
yolk sac.

FIGURE 42-4. Crown-rump length (CRL) measure-
ment. Cursors delineate the length of the fetus from the top of 
its head to the bottom of its torso. The yolk sac (arrow) should 
not be included in the fetal CRL measurements.

TABLE 42-2. GESTATIONAL DATING BY 
ULTRASOUND IN THE FIRST TRIMESTER

SONOGRAPHIC FINDING
GESTATIONAL AGE 

(weeks)

Gestational sac, no yolk sac, 
embryo, or heartbeat

5

Gestational sac with yolk sac, 
no embryo or heartbeat

5.5

Gestational sac with heartbeat 
and embryo <5 mm in 
length

6

Embryo/fetus 5 mm in 
length

Age based on crown-rump 
length (see Table 42-3)

From 6 weeks until the end of the first trimester, 
gestational age correlates closely with the crown-rump 
length (CRL) of the embryo or fetus.14,15 The term 
embryo is used up to 8 to 10 weeks’ gestation, and the 
term fetus applies thereafter.16 The CRL is the length of 
the embryo or fetus from the top of its head to the 
bottom of its torso. It is measured as the longest dimen-
sion of the embryo, excluding the yolk sac and extremi-
ties (Fig. 42-4). The CRL can be used to assign gestational 
age accurately up to 11 weeks because minimal biologic 
variability occurs during this time (Table 42-3). After 
12 to 13 weeks’ gestation, the CRL of the longer, more 
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OFD/BPD ratio of 1.265) of the same cross-sectional 
area.25 The same tables or formulas used to determine 
gestational age from the BPD are used to determine 
gestational age from the corrected-BPD (Table 42-4).

The HC is the length of the outer perimeter of the 
cranium, made on the same transaxial image of the fetal 
head. It can be measured by using an electronic ellipse 
available on most ultrasound scanners28 (Fig. 42-6 and 
Table 42-5). Alternatively, it can be calculated from the 
outer-edge-to-outer-edge analogs of the BPD and OFD: 

HC Outer-to-outer BPD
Outer-to-outer OFD

= × ( )[ +
( )]
1 57.

Although the BPD is simpler to measure than the 
corrected-BPD or HC, it has the disadvantage of being 
the only one of the three measurements that disregards 
head shape. This means that two heads of equal widths 
but different lengths will have the same BPD, but the 
longer head will have a greater corrected-BPD and HC 
than the shorter head (Fig. 42-7). The fetus with the 
longer head will therefore be assigned a greater gesta-
tional age based on the corrected-BPD or HC; however, 
both fetuses will be assigned the same gestational age if 
the BPD is used as the basis for age assignment.

Femur Length

The length of the diaphysis of the fetal femur is often 
used for gestational age prediction.18,21,22 Careful mea-
surement of the ossified diaphysis of the femur is neces-
sary to obtain an accurate estimate of gestational age by 

head at the level of the paired thalami and cavum septi 
pellucidi27 (Fig. 42-5). The BPD is measured from the 
outer edge of the cranium nearest the transducer to the 
inner edge of the cranium farthest from the transducer 
(Fig. 42-5). The occipitofrontal diameter (OFD) is 
obtained from the same transaxial image as the BPD and 
is measured from midskull to midskull along the long 
axis of the fetal head (Fig. 42-5). This latter measure-
ment is used in conjunction with the BPD to calculate 
the corrected-BPD using the following formula25: 

Corrected-BPD BPD OFD= ×( ) 1 265.

The rationale for the corrected-BPD is that it repre-
sents the BPD of the standard-shaped head (one with an 

TABLE 42-3. GESTATIONAL AGE 
ESTIMATION* BY CROWN-RUMP 

LENGTH (CRL)

CRL  
(mm)

GESTATIONAL 
AGE (weeks)

CRL  
(mm)

GESTATIONAL 
AGE (weeks)

5 6.0 45 11.1
6 6.2 46 11.2
7 6.4 47 11.3
8 6.6 48 11.4
9 6.8 49 11.4

10 7.0 50 11.5
11 7.2 51 11.6
12 7.4 52 11.7
13 7.5 53 11.8
14 7.7 54 11.8
15 7.8 55 11.9
16 8.0 56 12.0
17 8.1 57 12.1
18 8.3 58 12.2
19 8.4 59 12.2
20 8.5 60 12.3
21 8.7 61 12.4
22 8.8 62 12.4
23 8.9 63 12.5
24 9.0 64 12.6
25 9.1 65 12.7
26 9.3 66 12.7
27 9.4 67 12.8
28 9.5 68 12.9
29 9.6 69 12.9
30 9.7 70 13.0
31 9.8 71 13.1
32 9.9 72 13.2
33 10.0 73 13.2
34 10.1 74 13.3
35 10.2 75 13.4
36 10.3 76 13.4
37 10.4 77 13.5
38 10.5 78 13.5
39 10.6 79 13.6
40 10.7 80 13.7
41 10.8
42 10.8
43 10.9
44 11.0

*Values derived from formula in Robinson HP, Fleming JE. A critical evaluation of 
sonar “crown-rump length” measurements. Br J Obstet Gynaecol 
1975;82:702-710.

FIGURE 42-5. Biparietal diameter (BPD) and 
occipitofrontal diameter (OFD) measurements. 
Transaxial sonogram of the fetal head at the level of the paired 
thalami (arrow), with BPD (calipers 1) and OFD (calipers 2). Note 
how the calipers for the BPD are placed from the outer aspect of 
the skull to the inner aspect of the skull.
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FL (Fig. 42-8 and Table 42-6). The transducer must be 
aligned to the long axis of the diaphysis; this can be 
ensured by demonstrating that both the femoral head or 
greater trochanter and the femoral condyle are simulta-
neously in the plane of section. The cursors should be 
positioned at the junction of the bone with the cartilage, 
and the thin, bright reflection of the cartilaginous epiph-
ysis should not be included in the measurement.29

Abdominal Circumference

The fetal AC is the length of the outer perimeter of the 
fetal abdomen, measured on transverse scan at the level 

FIGURE 42-6. Head circumference (HC) measure-
ment. HC measurement (calipers and tracing dots) on transaxial 
sonogram of the fetal head at the same level as for the biparietal 
diameter measurement. Note how the HC measurement is 
obtained from around the bone.

TABLE 42-4. GESTATIONAL AGE 
ESTIMATION* BY BIPARIETAL 

DIAMETER (BPD)

BPD OR  
BPDc  
(mm)

GESTATIONAL 
AGE (weeks)

BPD OR  
BPDc  
(mm)

GESTATIONAL 
AGE (weeks)

20 13.2 60 24.2
21 13.4 61 24.5
22 13.6 62 24.9
23 13.8 63 25.3
24 14.0 64 25.7
25 14.3 65 26.1
26 14.5 66 26.5
27 14.7 67 26.9
28 14.9 68 27.3
29 15.1 69 27.7
30 15.4 70 28.1
31 15.6 71 28.5
32 15.8 72 29.0
33 16.1 73 29.4
34 16.3 74 29.9
35 16.6 75 30.3
36 16.8 76 30.8
37 17.1 77 31.2
38 17.3 78 31.7
39 17.6 79 32.2
40 17.9 80 32.7
41 18.1 81 33.2
42 18.4 82 33.7
43 18.7 83 34.2
44 19.0 84 34.7
45 19.3 85 35.2
46 19.6 86 35.8
47 19.9 87 36.3
48 20.2 88 36.9
49 20.5 89 37.4
50 20.8 90 38.0
51 21.1 91 38.6
52 21.4 92 39.2
53 21.7 93 39.8
54 22.1 94 40.4
55 22.4 95 41.0
56 22.8 96 41.6
57 23.1 ≥97 42.0
58 23.5
59 23.8

*Values from Doubilet PM, Benson CB. Improved prediction of gestational age in 
the late third trimester. J Ultrasound Med 1993;12:647-653.

BPDc, Corrected-BPD.

TABLE 42-5. GESTATIONAL AGE 
ESTIMATION* BY HEAD 
CIRCUMFERENCE (HC)

HC  
(mm)

GESTATIONAL 
AGE (weeks)

HC  
(mm)

GESTATIONAL 
AGE (weeks)

80 13.4 225 24.5
85 13.7 230 25.0
90 14.0 235 25.5
95 14.3 240 26.1

100 14.7 245 26.6
105 15.0 250 27.1
110 15.3 255 27.7
115 15.6 260 28.3
120 16.0 265 28.9
125 16.3 270 29.4
130 16.6 275 30.0
135 17.0 280 30.7
140 17.3 285 31.3
145 17.7 290 31.9
150 18.1 295 32.6
155 18.4 300 33.3
160 18.8 305 33.9
165 19.2 310 34.6
170 19.6 315 35.3
175 20.0 320 36.1
180 20.4 325 36.8
185 20.8 330 37.6
190 21.3 335 38.3
195 21.7 340 39.1
200 22.2 345 39.9
205 22.6 350 40.7
210 23.1 355 41.6
215 23.6 360 42.4
220 24.0

*Values derived from formula in Law RG, MacRae KD. Head circumference as an 
index of fetal age. J Ultrasound Med 1982;1:281-288.
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FIGURE 42-7. Effect of head shape on 
corrected-BPD and HC. Heads A and B have 
equal biparietal diameters (BPD), but A has a smaller 
occipitofrontal diameter (OFD) than B. Therefore 
the corrected-BPD and head circumference (HC) are 
smaller for A than B. Based on BPD, fetuses A and 
B would be assigned the same gestational age. Based 
on corrected-BPD or HC, however, fetus A would 
be assigned a lower gestational age than fetus B. A B

The accuracy of gestational age determination  
ranges from 1.2 weeks for the HC and corrected-BPD 
between 14 and 20 weeks, to 3.5 weeks in the late third 
trimester for the FL. As pregnancy progresses, each 
parameter becomes less accurate.18,31,32 The two fetal 

TABLE 42-6. GESTATIONAL AGE 
ESTIMATION* BY FEMUR LENGTH (FL)

FL  
(mm)

GESTATIONAL 
AGE (weeks)

FL  
(mm)

GESTATIONAL 
AGE (weeks)

10 13.7 45 24.5
11 13.9 46 24.9
12 14.2 47 25.3
13 14.4 48 25.7
14 14.6 49 26.2
15 14.9 50 26.6
16 15.1 51 27.0
17 15.4 52 27.5
18 15.6 53 28.0
19 15.9 54 28.4
20 16.2 55 28.9
21 16.4 56 29.4
22 16.7 57 29.9
23 17.0 58 30.4
24 17.3 59 30.9
25 17.6 60 31.4
26 17.9 61 31.9
27 18.2 62 32.5
28 18.5 63 33.0
29 18.8 64 33.6
30 19.1 65 34.1
31 19.4 66 34.7
32 19.7 67 35.3
33 20.1 68 35.9
34 20.4 69 36.5
35 20.7 70 37.1
36 21.1 71 37.7
37 21.4 72 38.3
38 21.8 73 39.0
39 22.2 74 39.6
40 22.5 75 40.3
41 22.9 76 40.9
42 23.3 77 41.6
43 23.7 ≥78 42.0
44 24.1

*Values from Doubilet PM, Benson CB. Improved prediction of gestational age in 
the late third trimester. J Ultrasound Med 1993;12:647-653.

of the stomach and intrahepatic portion of the umbilical 
vein (Fig. 42-9). Alternatively, the AC may be calculated 
with equivalent results from two orthogonal abdominal 
diameters (AD1, AD2), one anteroposterior and the other 
transverse, measured on the same image, as follows28,30: 

AC AD AD= × +( )1 57 1 2.

Composite Formulas and Accuracy

Gestational age can be estimated from measurements of 
the head, abdomen, or femur by means of tables or 
formulas that present the mean value of each measure-
ment for a given gestational age (see Tables 42-4 to 
42-6). Composite age formulas that combine several 
fetal measurements can also be used to predict gesta-
tional age.21,26

FIGURE 42-8. Femur length (FL) measurement. 
Electronic calipers measure the ossified diaphysis of the femur. 
Note how the bone is imaged close to parallel to the transducer, 
and the femur closest to the maternal abdominal wall is 
measured.



Chapter 42 ■ Fetal Measurements: Normal and Abnormal Fetal Growth  1461

head measurements that take head shape into account, 
corrected-BPD and HC, are equivalent in accuracy and 
more accurate than the BPD throughout gestation. In 
the second trimester, corrected-BPD and HC are the 
best predictors of gestational age. In the third trimester, 
these two head measurements, the FL, and the compos-
ite age formulas all predict gestational age with compa-
rable accuracy.18,32,33

Composite age formulas use two or more measure-
ments in conjunction to estimate gestational age. A 
potential disadvantage of using such formulas is that an 
abnormal measurement or anomaly might be obscured. 
For example, in a fetus with a skeletal dysplasia mani-
fested by shortened long bones and a normal head size, 
the gestational age based on the composite formula will 
be an underestimation, falling between that predicted by 
the corrected-BPD and that predicted by the short FL. 
As a result, the FL might not appear to be abnormally 
small when compared to this improperly calculated ges-
tational age.

Assignment of Gestational Age

The recommended approach to gestational age assign-
ment at the time of the first sonogram is presented in 
Table 42-7. In the second and third trimesters, the 
choice depends on which measurements are available, 
because two or more parameters may be equivalent in 
accuracy. In some cases, especially when the initial scan 
occurs late in pregnancy, the clinician must decide 
whether to use clinical or sonographic criteria to deter-
mine the gestational age. As a general rule, we recom-
mend using ultrasound criteria up to 24 weeks of 
gestation and the LMP (if clearly recalled) thereafter.34

Because fetal measurements become progressively less 
accurate predictors of gestational age as pregnancy pro-
gresses,34-36 the age assigned at the time of the first scan 

FIGURE 42-9. Abdominal diameter and circumfer-
ence measurements. A and B, Axial views of the fetal 
abdomen at the level of the stomach (S) and intrahepatic portion 
of the umbilical vein (arrow). On A the transverse (calipers 1) and 
anteroposterior (calipers 2) diameters have been measured with 
electronic calipers. On B the circumference of the abdomen has 
been traced electronically (calipers and tracing dots).

A

B

TABLE 42-7. APPROACH TO GESTATIONAL AGE (GA) ASSIGNMENT BY ULTRASOUND 
ON INITIAL SCAN

STAGE OF PREGNANCY BASIS FOR GA TABLES ACCURACY (weeks)*

First Trimester
Early (5-6 weeks) Sonographic milestones 42-1 ±0.5
Mid- to late (6-13 weeks) CRL 42-2 ±0.5

Second Trimester
If OFD measurable BPDc or HC 42-3, 42-4 ±1.2 (14-20 wk)

±1.9 (20-26 wk)
If OFD not measurable BPD or FL 42-3, 42-5 ±1.4 (14-20 wk)

±2.1-2.5 (20-26 wk)
Third Trimester

If OFD measurable BPDc, HC, or FL 42-3, 42-4, 42-5 ±±3.1-3.4 (26-32 wk)
±±3.5-3.8 (32-42 wk)

If OFD not measurable FL 42-5 ±±3.1 (26-32 wk)
±±3.5 (36-42 wk)

CRL, Crown-rump length; OFD, occipitofrontal diameter; BPD, biparietal diameter; BPDc, corrected-BPD; HC, head circumference; FL, femur length.
*Two standard deviations (2 SD), or 95% confidence interval (CI).



1462  PART IV ■ Obstetric Sonography

weight using three-dimensional (3-D) sonography47-49 
and 3-D magnetic resonance imaging (MRI) have also 
been published.50,51

The accuracy of a weight prediction formula is  
determined by assessing how well the formula works  
in a group of fetuses scanned close to delivery. An  
important measure of a formula’s performance is its  
95% confidence range. If the 95% confidence range is 
±18%, for example, the estimated weight will fall within 
18% of the actual weight in 95% of cases, and the error 
will be greater than 18% in only 5% of cases. The nar-
rower the confidence range, the more reliable is the 
formula.

Many published studies provide information that 
allows one to estimate this measure of a formula’s  
accuracy52,53 (Table 42-8). The following points are 
noteworthy:
• The accuracy of weight prediction formulas 

improves as the number of measured body parts 
increases up to three, achieving greatest accuracy 
when measurements of the head, abdomen, and 
femur are used. There is no apparent improvement 
by adding the thigh circumference as a fourth 
measurement,54 and no proven benefit from using 
3-D sonography or MRI.

• Even when based on measurements of the head, 
abdomen, and femur, sonographic weight prediction 
has a rather wide 95% confidence range of at least 
±15%. Based on the abdomen and either the head 
or femur, the range is at least ±16%-18%. Precision 
is considerably worse when only the abdomen  
is used.

should not be changed thereafter. The age at any time 
later in pregnancy should be based on the initial sono-
graphic study, calculated by taking the gestational age 
assigned at the time of the first scan and adding the 
number of weeks that have elapsed since that scan. On 
subsequent examinations, standard fetal measurements 
(BPD, OFD, AC, and FL) should be obtained and 
should be compared to the normal standards for the 
gestational age, based on the initial sonogram, to deter-
mine whether the fetus is appropriate in size.

WEIGHT ESTIMATION  
AND ASSESSMENT

Estimation of Fetal Weight

Before the availability of ultrasound, manual examina-
tion of the maternal abdomen was the only approach 
that could be used to estimate fetal size. The physical 
examination, however, provides only a general approxi-
mation of fetal weight because the palpated dimensions 
of the uterus are affected by several factors other than 
fetal size, including amniotic fluid volume, placental 
bulk, presence of fibroids, and maternal obesity.

Sonographic measurements of fetal body parts provide 
a direct way of assessing fetal size. Numerous formulas 
have been published for estimating fetal weight from one 
or more of these fetal body measurements: head (BPD 
or HC), abdomen (AD or AC), and femur (FL).37-46 
Other measurements, such as thigh circumference,  
have been used as well.46 Formulas that estimate fetal 

TABLE 42-8. ACCURACY OF FETAL WEIGHT PREDICTION FORMULAS

BODY PART(S) INCLUDED 
IN FORMULA FORMULA* 95% CONFIDENCE RANGE (%)†

Abdomen Campbell and Wilkin37 ±17.1-23.843,52

Higginbottom et al.38 ±23.843

Hadlock et al.43 ±22.243

Vintzileos et al.46 ±22.846

Head and abdomen Warsof et al.39 ±17.4-21.239,43,57

Shepard et al.40 ±18.2-18.340,52

Thurneau et al.41 ±19.843

Jordaan42 ±25.843

Hadlock et al.43 ±18.243

Hadlock et al.44 ±18.244

Birnholz45 ±17.753‡
Vintzileos et al.46 ±21.246

Abdomen and femur Hadlock et al.43 ±16.443

Hadlock et al.44 ±16.044

Head, abdomen, and femur Hadlock et al.43 ±15.0-15.443

Hadlock et al.44 ±14.8-15.044

Vintzileos et al.46 ±17.646

Head, abdomen, femur, and thigh Vintzileos et al.46 ±15.6-17.846

*Study in which formula was developed.
†Computed as two standard deviations (2 SD) of the relative error, as reported in the study(ies) referenced, unless otherwise indicated.
‡Based on the fraction of cases in which the estimated weight falls within 10% of the actual weight.
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TABLE 42-9. APPROACH TO FETAL 
WEIGHT ESTIMATION

BODY PARTS IMAGED
FORMULA USED FOR 
WEIGHT ESTIMATE

Head, Abdomen, and Femur
OFD measurable Formula 1, using corrected-BPD 

in place of BPD
OFD not measurable Formula 1

Head and Abdomen
OFD measurable Formula 2, using corrected-BPD 

in place of BPD
OFD not measurable Formula 2

Abdomen and Femur
— Formula 3

Formula 1*

Log EFW  AC FL BPD

 AC
10 21 4787 0 003343 0 001837

0 0458 0

>( ) = − × + +
+

. . .

. ..158 FL

Formula 2*

Log EFW AC  AC

BPD

10
2

2

1 1134 0 05845 0 000604

0 007365 0 0

>( ) = + − −
+

. . .

. . 00595 0 1694BPD AC BPD× + .

Formula 3*

Log EFW AC FL  AC FL10 1 3598 0 051 0 1844 0 0037( ) = + + − ×. . . .

EFW, Estimated fetal weight, in grams (g); BPD, biparietal diameter (cm); AC, 
abdominal circumference (cm); FL, femur length (cm); OFD, occipitofrontal 
diameter (cm).

*Formulas from Hadlock FP, Harrist RB, Sharman RS, et al. Estimation of fetal 
weight with the use of head, body, and femur measurements: a prospective study. 
Am J Obstet Gynecol 1985;151:333-337.

• A number of factors have been studied to determine 
their effect on accuracy of weight prediction. 
Accuracy appears to be worse in fetuses that weigh 
under 1000 grams than in larger fetuses.53 Over the 
rest of the birth weight range, however, accuracy is 
fairly constant.43,44,52,55 Weight prediction is less 
accurate in diabetic than in nondiabetic mothers. In 
diabetic mothers, formulas that use measurements  
of the head, abdomen, and femur have a 95% 
confidence range of ±24%,56 wider than the range of 
±15% in the general population.43,44 The presence of 
oligohydramnios or polyhydramnios has no impact 
on accuracy.41,53,57 Scan quality may have an effect 
on accuracy. Studies have shown a trend toward 
greater accuracy in scans that were rated “good” 
compared with those rated “poor” based on ability 
to visualize anatomic landmarks.53,58

Recommended Approach

An attempt should be made to image all three key fetal 
anatomic regions—head, abdomen, and femur—at the 
appropriate anatomic levels (Table 42-9). If measure-
ments of all three structures can be obtained, Formula 1 
in Table 42-9 should be used to estimate fetal weight. 
This formula should be used with the corrected-BPD 

when the OFD is available, and with the BPD itself if 
not. An alternative approach, equally accurate but more 
cumbersome, would be to use Formula 1 when the OFD 
is unavailable, and a formula based on HC, AC, and FL 
when the OFD is available. If the abdomen and only the 
head or the femur can be appropriately imaged, Formula 
2 or 3 should be used. If the abdomen cannot be mea-
sured, or both the head and femur cannot be measured, 
then a weight estimate should not be calculated. Using 
the approach outlined in Table 42-9, an accuracy of 
±15%-18% can be achieved for weight estimation.

Weight Assessment in Relation  
to Gestational Age

When an ultrasound is performed in the third trimester, 
best estimates of gestational age and fetal weight should 
be established. The gestational age may be based on a 
prior ultrasound, clinical dating criteria, or current mea-
surements; fetal weight is always calculated from current 
measurements. The two values should be cross-assessed 
to determine whether the fetus is appropriate in size for 
dates. This can be accomplished by using a table that 
provides norms of values for fetal weight as a function 
of gestational age (Table 42-10), several of which appear 
in the literature.59-64

As an example, suppose that an obstetric sonogram 
reveals the best estimated gestational age is 34 weeks. 
According to Table 42-10, a weight of 2146 grams (g) 

TABLE 42-10. FETAL WEIGHT 
PERCENTILES IN THE THIRD TRIMESTER

GESTATIONAL 
AGE (weeks)

Weight Percentiles (Grams)

10th 50th 90th

25 490 660 889
26 568 760 1016
27 660 875 1160
28 765 1005 1322
29 884 1153 1504
30 1020 1319 1706
31 1171 1502 1928
32 1338 1702 2167
33 1519 1918 2421
34 1714 2146 2687
35 1919 2383 2959
36 2129 2622 3230
37 2340 2859 3493
38 2544 3083 3736
39 2735 3288 3952
40 2904 3462 4127
41 3042 3597 4254
42 3142 3685 4322
43 3195 3717 4324

From Doubilet PM, Benson CB, Nadel AS, Ringer SA. Improved birth weight 
table for neonates developed from gestations dated by early ultrasonography. J 
Ultrasound Med 1997;16:241-249.
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achieved by means of a calculator and manual plotting 
of data.

FETAL GROWTH ABNORMALITIES

The Large Fetus

The large-for-gestational-age (LGA) neonate (or fetus) 
is defined as one whose weight is above the 90th percen-
tile for gestational age.59,71-73 Macrosomia, a related 
entity, is most often defined on the basis of a weight 
above 4000 g; other weight cutoffs (4100 g, 4500 g) are 
sometimes used.62,64-66 These growth disturbances occur 
with different frequencies and are associated with differ-
ent morbidities and mortalities in diabetic mothers than 
in the general population. Therefore these two patient 
populations are considered separately.

General Population

About 10% of all infants have birth weights above the 
90th percentile for gestational age and are considered 

corresponds to the 50th percentile, and weights of 
1714 g and 2687 g correspond to the 10th and 90th 
percentiles, respectively. A weight between the 10th and 
90th percentiles is generally considered to be “appropri-
ate for gestational age.” When the estimated weight falls 
outside this range, the diagnosis of a small-for-gesta-
tional-age or large-for-gestational-age fetus is suggested.

When fetal weight is estimated on a third-trimester 
sonogram and a weight percentile is determined, correct 
interpretation of that percentile should take into account 
how weight percentile tables are derived. Such tables are, 
of necessity, derived from birth weights of neonates, 
versus estimated weights of fetuses, because only neo-
natal weights are known. For example, the mean and 
standard deviation of weight at 27 weeks’ gestation is 
determined from data on birth weights of babies born at 
27 weeks’ gestation. It is important to note that several 
studies have shown that small fetuses have an increased 
likelihood of early delivery, so neonates born at 27 weeks’ 
gestation are, on average, smaller than fetuses remaining 
in utero at that gestational age.65-67 It follows that more 
than 50% of 27-week fetuses will have an estimated 
weight above the 50th percentile, and fewer than 10% 
will fall below the 10th percentile.

The weight gain between two ultrasound examina-
tions can be estimated as the difference between the two 
estimated weights. Adequacy of weight gain can be 
assessed by comparing this difference to established 
normal fetal growth rate as a function of gestational age. 
Brenner’s data indicate that median fetal weight gain per 
week increases progressively until 36 weeks of gestation, 
reaching a maximum rate of 220 grams per week.59,60 
After 36 weeks, the rate of weight gain steadily decreases 
in the normal fetus. The longer the time between scans, 
the more accurate is the sonographic estimate of interval 
weight gain. When two scans are performed within 1 
week of each other, weight gain cannot be determined 
reliably, so there is little or no value in computing an 
estimated weight at the time of the second scan.

When several examinations have been performed, 
fetal growth can be depicted graphically by means of a 
trend plot, or growth curve. One form of growth curve 
plots the estimated fetal weight versus gestational age, 
with the curve for the fetus being examined superim-
posed on lines depicting the 1st, 10th, 50th, 90th, and 
99th percentiles (Fig. 42-10, A). An alternative mode of 
display plots the estimated weight percentile versus 
gestational age (Fig. 42-10, B). In this latter format, the 
graph for a normally growing fetus will be a horizontal 
line, indicating maintenance of a particular weight per-
centile throughout gestation. A downsloping line indi-
cates a subnormal growth rate, and an upsloping line 
indicates accelerated growth.

Calculation of weight percentiles and plotting of 
growth curves is most easily accomplished by computer, 
using an obstetric ultrasound software package that per-
forms these tasks.68-70 Alternatively, similar results can be 

FIGURE 42-10. Fetal growth curves. A, Estimated fetal 
weight plotted against gestational age, superimposed on 1st, 10th, 
50th, 90th, and 99th percentile curves. The fetus depicted here 
has a normal growth pattern, with estimated fetal weights between 
the 50th and 90th percentile over four sonograms. B, Estimated 
fetal weight (EFW) percentile against gestational age.

A

B
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leads to overgrowth of the fetal trunk and abdominal 
organs, while the head and brain grow at a normal 
rate.72,74 Therefore, these fetuses tend to have different 
body proportions than fetuses of nondiabetic mothers. 
Sonographic measurements of fetuses of diabetic mothers 
demonstrate accelerated growth of the fetal thorax  
and abdomen beginning between 28 and 32 weeks’ 
gestation.72,73,91

An LGA weight occurs in 25% to 42% and macro-
somia in 10% to 50% of infants of diabetic mothers 
(IDMs).72,73,92 As many as 12% of IDMs weigh more 
than 4500 g at birth. Perinatal complications are more 
frequent in macrosomic fetuses of diabetic mothers than 
in those of nondiabetic mothers.76,80,81,93,94 Shoulder dys-
tocia, for example, occurs in 31% of macrosomic fetuses 
of diabetic mothers and only 3% to 10% of macrosomic 
fetuses of nondiabetic mothers.77,80

Many sonographic parameters, involving a variety of 
measurements, formulas, and ratios, have been proposed 
for diagnosing LGA and macrosomia in the fetus of the 
diabetic mother85,95-97 (Table 42-12). As a group, these 
have higher sensitivities and PPVs than sonographic cri-
teria in the general population, in part because of the 
higher prevalence of large fetuses in diabetic mothers.

As in the general population, the most straightforward 
approach to diagnosing LGA and macrosomia in the 
fetuses of diabetic mothers is by means of the sono-
graphically estimated fetal weight.56,85,95,98,99 A fetus 
whose estimated weight falls above the 90th percentile 
for gestational age has a 74% likelihood of being LGA, 
versus 19% if the estimated weight lies below the 90th 
percentile.95 A weight estimate above 4000 g is associ-
ated with a 77% chance of macrosomia, and one above 
4500 g with an 86% chance. The chance of macrosomia 

TABLE 42-11. SONOGRAPHIC CRITERIA FOR LARGE-FOR-GESTATIONAL AGE (LGA) AND 
MACROSOMIA IN THE GENERAL POPULATION: PERFORMANCE CHARACTERISTICS

(%) Predictive Values (%)*

SENSITIVITY SPECIFICITY POSITIVE NEGATIVE

Criteria to Predict LGA*
Elevated AD-BPD86 46 79 19 93
Low FL/AC71,86 24-75 44-93 13-26 92-94
Elevated AFV87,88 12-17 92-98 19-35 91
Elevated ponderal index71,86 13-15 85-98 13-36 91-94
High EFW71,88 20-74 93-96 6-51 88-94
Elevated growth score71 14 91 10 90
Elevated AFV, high EFW88 11 99 54 99

Criteria to Predict Macrosomia
Elevated FL89 24 96 52 88
Elevated AC89 53 94 63 89
High EFW53,84,89 11-65 89-96 38-67 83-91
Elevated BPD89 29 98 71 92

*Predictive values for criteria for LGA computed using Bayes’ theorem,112 assuming an LGA prevalence rate of 10%.
From Doubilet PM, Benson CB. Fetal growth disturbances. Semin Roentgenol 1990;25:309-316.

AD, Abdominal diameter; BPD, biparietal diameter; FL/AC, femur length/abdominal circumference ratio; AFV, amniotic fluid volume; EFW, estimated fetal weight; FL, 
femur length; AC, abdominal circumference.

LGA infants. Of all newborns, 8% to 10% have birth 
weights over 4000 g and thus are classified as “macro-
somic,” and 2% weigh over 4500 g.72,74-76 Risk factors 
for LGA and macrosomia include maternal obesity,  
diabetes, history of a previous LGA infant, prolonged 
pregnancy (>40 weeks), excess pregnancy weight gain, 
multiparity, and advanced maternal age.71,72,74,77-79

Large fetuses have an increased incidence of perinatal 
morbidity and mortality, in large part because of obstet-
ric complications. Shoulder dystocia, fractures, and facial 
and brachial plexus palsies occur more frequently as a 
result of traumatic delivery.77,80,81 The incidence of peri-
natal asphyxia, meconium aspiration, neonatal hypogly-
cemia, and other metabolic complications is significantly 
increased in these pregnancies.71,74,77

The most straightforward approach to diagnosing 
LGA and macrosomia is to use the estimated fetal weight 
computed from sonographic measurements. An esti-
mated weight above the 90th percentile for gestational 
age suggests LGA, and a weight estimate above 4000 g 
suggests macrosomia. Although weight estimation is less 
accurate in large than in average-sized fetuses,52,82-84 this 
approach has been demonstrated to be moderately good 
for diagnosing LGA and macrosomia. It has a positive 
predictive value (PPV) of up to 51% for LGA and 67% 
for macrosomia. Other proposed sonographic parame-
ters have lower sensitivity or lower PPV than the esti-
mated fetal weight52,71,82,85-90 (Table 42-11).

Diabetic Mothers

Fetuses of insulin-dependent and gestational diabetic 
mothers are exposed to high levels of glucose throughout 
pregnancy and, as a result, produce excess insulin. This 
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is only 16% when the weight estimate is less than 
4000 g.56 It follows that if vaginal delivery is believed to 
be contraindicated for the macrosomic fetuses of diabetic 
mothers, the estimated fetal weight should be considered 
when selecting the route of delivery.

Intrauterine Growth Restriction

Intrauterine growth restriction (IUGR) is a fetal growth 
disorder most often defined on the basis of a weight 
below the 10th percentile for gestational age.100-104 This 
disorder is sometimes termed small for gestational age 
(SGA); however, it should be recognized that some 
authors use the term SGA to describe fetuses measuring 
less than the 10th percentile that are constitutionally 
small, and differentiate these from fetuses with abnormal 
growth restriction.

Most cases of growth restriction are caused by placental 
insufficiency, either primary or secondary to a maternal 
etiology such as hypertension, collagen vascular disease, 
poor nutrition, or substance abuse. IUGR may also result 
from a chromosomal anomaly (e.g., trisomy 18) or intra-
uterine infection (e.g., cytomegalovirus).101,104-106

In many cases, the specific cause of IUGR cannot be 
determined prenatally. As a group, regardless of the etiol-
ogy, growth-restricted fetuses have a poor prognosis, 
with increased perinatal morbidity and mortality. Their 
mortality rate is four to eight times that of non-IUGR 
fetuses.105,106 One half of surviving growth-restricted 
infants have serious short-term or long-term morbidity, 
including meconium aspiration, pneumonia, and meta-
bolic disorders.104,105,107,108

TABLE 42-12. SONOGRAPHIC CRITERIA FOR LARGE-FOR-GESTATIONAL AGE (LGA) AND 
MACROSOMIA IN DIABETIC MOTHERS: PERFORMANCE CHARACTERISTICS

(%) Predictive Values (%)

SENSITIVITY SPECIFICITY POSITIVE NEGATIVE

Criteria to Predict LGA*
Elevated HC95 50 80 64 70
Elevated AC/BPD96 83 60 71 75
High EFW95 78 78 74 81
Elevated BPD95 13 86 75 57
Elevated AC73,93,95 71-88 81-85 56-78 81-96
Elevated AC growth73 84 85 79 89
Low FL/AC73,96 58-79 75-80 68-83 75-76
Elevated AC, high EFW95 72 71 89 89

Criteria to Predict Macrosomia
Elevated AC93 84 78 41 96
Low FL/AC97 48-64 60-74 36-42 80-83
Elevated TD-BPD92 87 72 61 92
High EFW56 48 95 77 84

*Predicted values for criteria for LGA computed using  Bayes’ theorem,112 assuming an LGA prevalence rate of 10%.
From Doubilet PM, Benson CB. Fetal growth disturbances. Semin Roentgenol 1990;25:309-16.

Intrauterine growth restriction has been categorized as 
symmetrical or asymmetrical. Fetuses with symmetrical 
IUGR are proportionately reduced in size, whereas  
in asymmetrical IUGR the fetal abdomen is dispro-
portionately small in relation to the head and limbs. 
There is considerable overlap between these two groups, 
however, so this categorization is probably not useful 
clinically.109

Numerous sonographic parameters, using both con-
ventional and Doppler ultrasound, have been proposed 
for antenatal diagnosis of IUGR.110,111 To be clinically 
useful for diagnosis, a criterion must detect a substantial 
fraction of cases of growth restriction (i.e., its sensitivity 
must be high), and a positive result must be associated 
with a high likelihood of IUGR (i.e., its PPV must be 
high). Similarly, to be valuable for excluding IUGR, a 
criterion must have high specificity and high negative 
predictive value (NPV).112

The performance characteristics of conventional sono-
graphic criteria for IUGR are presented in Table 42-13, 
listed in order of increasing PPV.110 The best criterion is 
the HC/AC ratio, with a PPV of 62%. Even when based 
on this criterion, IUGR cannot be diagnosed with con-
fidence because more than one third (38%) of fetuses 
with an abnormal HC/AC ratio will not be growth 
restricted. Other parameters have even lower PPV,  
with seven of the nine parameters listed having PPV 
under 50%.

Doppler became readily available for clinical use in 
the mid-1980s. Early studies evaluated the use of Doppler 
to diagnose IUGR. In particular, Doppler was used  
to assess blood flow in the fetoplacental or uteropla-
cental circulations, both of which are essential for fetal 

HC, Head circumference; AC/BPD, abdominal circumference/biparietal diameter ratio; EFW, estimated fetal weight; FL/AC, femur length/abdominal circumference ratio; 
TD, thoracic diameter.
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nourishment and oxygenation, to determine if Doppler 
criteria were useful for predicting fetal growth restric-
tion. These criteria, however, were found to be poor 
predictors of IUGR.111,113,114

More recent studies of Doppler ultrasound, however, 
have shown that it can play a useful role in determining 
the prognosis of fetuses with IUGR.115-119 In growth-
restricted fetuses, reversed diastolic flow in the umbili-
cal artery carries a very poor prognosis, an elevated risk 
of fetal demise. They often die if not delivered soon. 
An absent diastolic flow or an elevated systolic/
diastolic ratio is associated with poor prognosis, 
including increased likelihood of fetal distress in labor, 
admission to the intensive care unit, and perinatal 
mortality.116-118,120-125

Although no single criterion permits confident diag-
nosis of IUGR, the following three key parameters can 
be used in combination to establish the diagnosis with 
greater certainty126:

MATERNAL RISK FACTORS 
ASSOCIATED WITH FETAL GROWTH 

RESTRICTION

Genetic/Constitutional
Nutrition/Starvation
Inflammatory bowel disease
Ileojejunal bypass
Chronic pancreatitis
Low prepregnancy weight
Poor pregnancy weight gain, second and third 

trimesters

Hypoxic
Severe lung disease
Cyanotic heart disease
Sickle cell anemia

Vascular
Chronic hypertension
Preeclampsia
Collagen vascular disease
Type 1 diabetes mellitus

Renal
Glomerulonephritis
Lipoid nephritis
Arteriolar nephrosclerosis
Renal transplantation

Antiphospholipid Antibodies
Environment and Drugs
High altitude
Emotional stress
Physical stress
Cigarette smoking
Alcohol abuse
Substance abuse (heroin, cocaine)
Therapeutic drugs
Antimetabolites
Anticonvulsants
Anticoagulants

Poor Obstetric History
Previous stillbirths
Recurrent aborters
Previous birth of growth-restricted fetus
Previous preterm births

From Lin CC, Santolaya-Forgas J. Current concepts of fetal 
growth restriction. Obstet Gynecol 1998;92:1044-1055.

FETAL AND PLACENTAL RISK 
FACTORS ASSOCIATED WITH FETAL 

GROWTH RESTRICTION

FETAL FACTORS
Chromosomal Abnormalities
Trisomy 13, 18, 21
Monosomy (45,XO)
Deletions
Uniparental disomy
Confined placental mosaicism

Congenital Malformations
Absence of fetal pancreas
Anencephaly
Diaphragmatic hernia
Omphalocele
Gastroschisis
Renal agenesis/dysplasia
Multiple malformations

Multiple Gestations
Monochorionic twins
One fetus with malformations
Twin-to-twin transfusion
Discordant twins
Triplets

PLACENTAL FACTORS
Abnormal trophoblastic invasion
Multiple placental infarctions (chronic abruption)
Umbilical-placental vascular anomalies
Abnormal cord insertion (velamentous cord 

insertion)
Placenta previa
Circumvallate placenta
Chorioangiomata

From Lin CC, Santolaya-Forgas J. Current concepts of fetal 
growth restriction. Obstet Gynecol 1998;92:1044-1055.

• Estimated fetal weight
• Amniotic fluid volume
• Maternal blood pressure status (normal vs. 

hypertensive)
Other proposed parameters for diagnosing IUGR  

can be safely ignored because they add no significant 
information.127,128

The three key parameters can be combined into an 
IUGR score or a table that permits the confident diag-
nosis or exclusion of growth restriction in most cases126,127 



1468  PART IV ■ Obstetric Sonography

TABLE 42-13. CONVENTIONAL SONOGRAPHIC CRITERIA FOR INTRAUTERINE GROWTH 
RESTRICTION (IUGR): PERFORMANCE CHARACTERISTICS

CRITERION†

(%) Predictive Values (%)*

SENSITIVITY SPECIFICITY POSITIVE (PPV) NEGATIVE (NPV)

Advanced placental grade 62 64 16 94
Elevated FL/AC 34-49 78-83 18-20 92-93
Low TIUV 57-80 72-76 21-24 92-97
Small BPD 24-88 62-94 21-44 92-98
Small BPD and advanced placental grade 59 86 32 95
Slow rate of BPD growth 75 84 35 97
Low EFW 89 88 45 99
Decreased AFV 24 98 55 92
Elevated HC/AC 82 94 62 98

*Computed using Bayes’ theorem,112 assuming an IUGR prevalence rate of 10%.
†A range of values is given for a criterion when different studies apply that criterion in two or more ways.

From Benson CB, Doubilet PM, Saltzman DH. Intrauterine growth retardation: predictive value of ultrasound criteria for antenatal diagnosis. Radiology 1986;160:415-417.

FL/AC, Femur length/abdominal circumference ratio; TIUV, total intrauterine volume; BPD, biparietal diameter; EFW, estimated fetal weight; AFV, amniotic fluid volume; 
HC/AC, head circumference/abdominal circumference ratio.

TABLE 42-14. CRITICAL VALUES* FOR ESTIMATED FETAL WEIGHT (IN GRAMS) FOR 
DIAGNOSING OR EXCLUDING INTRAUTERINE GROWTH RESTRICTION

GA WK

Status of Maternal Blood Pressure and Amniotic Fluid Volume

NL BP
NL/POLY

NL BP
M-M OLIGO

NL BP
SEV OLIGO

HTN
NL/POLY

HTN
M-M OLIGO

HTN
SEV OLIGO

26 516-660 646-826 743-950 610-780 763-976 878-1123
27 597-761 745-949 855-1090 704-898 878-1119 1009-1285
28 693-877 859-1087 982-1244 813-1030 1008-1276 1153-1460
29 803-1008 988-1239 1124-1410 937-1176 1152-1446 1312-1646
30 931-1155 1132-1405 1281-1589 1078-1337 1311-1627 1483-1840
31 1075-1317 1293-1584 1452-1779 1234-1512 1484-1819 1667-2042
32 1235-1493 1468-1774 1635-1976 1405-1698 1670-2018 1860-2248
33 1411-1682 1656-1973 1830-2180 1590-1895 1865-2223 2061-2456
34 1600-1880 1853-2177 2031-2386 1785-2098 2067-2429 2266-2662
35 1798-2083 2055-2382 2236-2590 1987-2302 2272-2633 2471-2863
36 1997-2285 2257-2583 2437-2789 2189-2504 2474-2830 2671-3056
37 2192-2479 2452-2774 2631-2976 2383-2696 2666-3016 2861-3236
38 2371-2658 2631-2949 2807-3147 2563-2872 2843-3186 3034-3400
39 2526-2812 2785-3101 2961-3296 2717-3025 2996-3335 3185-3545
40 2645-2933 2906-3223 3083-3419 2838-3147 3118-3458 3307-3668
41 2717-3013 2985-3310 3166-3511 2915-3232 3202-3551 3396-3766
42 2736-3045 3016-3356 3205-3567 2942-3274 3243-3609 3447-3836

*For each pair, estimated weight less than the lower value allows confident diagnosis of intrauterine growth restriction (IUGR; positive predictive value, 74%). Estimated 
weight greater than the upper value virtually excludes IUGR (negative predictive value, 97%). Estimated weight between the two values is indeterminate for IUGR (likelihood 
of IUGR, 13%).

GA, Gestational age; Nl BP, normal blood pressure; Htn, hypertension; Nl, normal fluid; Poly, polyhydramnios; M-M, mild to moderate; Oligo, oligohydramnios; Sev, 
severe.

From Benson CB, Belville JS, Lentini JF, et al. Intrauterine growth retardation: diagnosis based on multiple parameters: a prospective study. Radiology 1990;177:499-502.

(Table 42-14). For any gestational age, amniotic fluid 
volume (subjectively assessed), and maternal blood  
pressure status, the table presents two values. When a 
fetus has an estimated weight below the smaller value, 
IUGR can be diagnosed with confidence. If the esti-
mated weight is above the larger value, growth restriction 
can be excluded with near certainty. An estimated weight 
between the two values is indeterminate for IUGR.

When accurate dating by an ultrasound performed 
before 20 weeks’ gestation is available, a simpler rule 

applies, using only the lower value in the appropriate 
column. IUGR can be diagnosed if the estimated fetal 
weight falls below this value and can be excluded if the 
weight estimate falls above this same value.

To illustrate the use of this table in the diagnosis of 
IUGR, consider a case in which the gestational age is  
34 weeks (based on a 24-week ultrasound), there is  
moderate oligohydramnios, and the mother is normo-
tensive. On the basis of Table 42-14, if the estimated 
fetal weight is below 1853 g, IUGR can be diagnosed 
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with confidence, and if it is above 2177 g, growth restric-
tion can be ruled out. A weight estimate between these 
two values is indeterminate for IUGR. If the age of 34 
weeks had been based on a 12-week ultrasound, IUGR 
could be diagnosed if the estimated weight was below 
1853 g and excluded if the weight estimate was above 
1853 g. Table 42-14 provides a rational and reliable 
means for prenatal diagnosis of IUGR. When growth 
restriction is diagnosed, further evaluation using Doppler 
velocimetry can help to determine the prognosis.129

Once IUGR has been diagnosed, an attempt should 
be made to determine its etiology, through evaluation of 
both the mother and the fetus. Maternal assessment 
should include physical examination and blood tests, 
directed toward diagnosis of hypertension, renal 
disease, and other maternal conditions that can cause 
IUGR. Fetal assessment begins with a careful sono-
graphic examination, looking especially for findings  
suggestive of a chromosomal or viral etiology (e.g., 
holoprosencephaly, clenched hands, rocker-bottom feet, 
intracranial calcifications). If such a finding is present, 
amniocentesis or umbilical blood sampling can confirm 
the diagnosis of a chromosomal abnormality. A viral 
etiology of IUGR may also be diagnosed by these pro-
cedures, in some cases.128

Growth-restricted fetuses, other than those with a 
lethal condition such as trisomy 13 or 18, should be 
carefully monitored for the remainder of the pregnancy. 
The monitoring is usually performed at weekly or semi-
weekly intervals. Sonographic features to be followed 
include amniotic fluid volume, biophysical profile 
score, estimated fetal weight percentile, and umbilical 
artery Doppler assessment (see Chapter 43). A worsen-
ing trend in one or more of these features should prompt 
consideration of early delivery.

References

1. Filly RA, Golbus MS, Carey JC, Hall JG. Short-limbed dwarfism: 
ultrasonographic diagnosis by mensuration of fetal femoral length. 
Radiology 1981;138:653-656.

2. Chervenak FA, Rosenberg J, Brightman RC, et al. A prospective 
study of the accuracy of ultrasound in predicting fetal microcephaly. 
Obstet Gynecol 1987;69:908-910.

3. Bowerman RA. Sonography of fetal midgut herniation: normal size 
criteria and correlation with crown-rump length. J Ultrasound Med 
1993;12:251-254.

4. Wald NJ, Cuckle HS, Densem JW, et al. Maternal serum screening 
for Down’s syndrome in early pregnancy. BMJ 1988;297:883- 
887.

5. Osathanondh R, Canick JA, Abell KB, et al. Second trimester screen-
ing for trisomy 21. Lancet 1989;2:52.

6. Canick JA, Knight GJ, Palomaki GE, et al. Low second trimester 
maternal serum unconjugated oestriol in pregnancies with Down’s 
syndrome. Br J Obstet Gynaecol 1988;95:330-333.

7. American Institute of Ultrasound in Medicine. Guidelines for  
performance of the antepartum obstetrical ultrasound examination. 
1994.

Gestational Age Determination
8. Campbell S, Warsof SL, Little D, Cooper DJ. Routine ultrasound 

screening for the prediction of gestational age. Obstet Gynecol 1985; 
65:613-620.



1470  PART IV ■ Obstetric Sonography

60. Brenner WE, Edelman DA, Hendricks CH. A standard of fetal 
growth for the United States of America. Am J Obstet Gynecol 
1976;126:555-564.

61. Lubchenco LO, Hansman C, Dressler M, Boyd E. Intrauterine 
growth as estimated from liveborn birth-weight data at 24 to 42 
weeks of gestation. Pediatrics 1963;32:793-800.

62. Gruenwald P. Growth of the human fetus. I. Normal growth and its 
variation. Am J Obstet Gynecol 1966;94:1112-1119.

63. Thomson AM, Billewicz WZ, Hytten FE. The assessment of fetal 
growth. J Obstet Gynaecol 1968;75:903-916.

64. Hutchins CJ. Delivery of the growth-retarded infant. Obstet 
Gynecol 1980;56:683-686.

65. Doubilet PM, Benson CB, Wilkins-Haug L, Ringer S. Fetuses sub-
sequently born premature are smaller than gestational age-matched 
fetuses not born premature. J Ultrasound Med 2003;22:359-363.

66. Lysikiewicz A, Bracero LA, Tejani N. Sonographically estimated 
fetal weight percentile as a predictor of preterm delivery. J Matern 
Fetal Med 2001;10:44-47.

67. Mercer BM, Merlino AA, Milluzzi CJ, Moore JJ. Small fetal size 
before 20 weeks’ gestation: associations with maternal tobacco use, 
early preterm birth, and low birthweight. Am J Obstet Gynecol 
2008;198:673 e1-e7; discussion e7-e8.

68. Greenes RA. OBUS: a microcomputer system for measurement, 
calculation, reporting, and retrieval of obstetric ultrasound examina-
tions. Radiology 1982;144:879-883.

69. Jeanty P. A simple reporting system for obstetrical ultrasonography. 
J Ultrasound Med 1985;4:591-593.

70. Ott WJ. The design and implementation of a computer-based ultra-
sound data system. J Ultrasound Med 1986;5:25-32.

Fetal Growth Abnormalities
71. Ott WJ. The diagnosis of altered fetal growth. Obstet Gynecol Clin 

North Am 1988;15:237-263.
72. Mintz MC, Landon MB. Sonographic diagnosis of fetal growth 

disorders. Clin Obstet Gynecol 1988;31:44-52.
73. Landon MB, Mintz MC, Gabbe SG. Sonographic evaluation of  

fetal abdominal growth: predictor of the large-for-gestational-age 
infant in pregnancies complicated by diabetes mellitus. Am J Obstet 
Gynecol 1989;160:115-121.

74. Boyd ME, Usher RH, McLean FH. Fetal macrosomia: prediction, 
risks, proposed management. Obstet Gynecol 1983;61:715-722.

75. Modanlou HD, Dorchester WL, Thorosian A, Freeman RK. Mac-
rosomia: maternal, fetal, and neonatal implications. Obstet Gynecol 
1980;55:420-424.

76. Deter RL, Hadlock FP. Use of ultrasound in the detection of mac-
rosomia: a review. J Clin Ultrasound 1985;13:519-524.

77. Golditch IM, Kirkman K. The large fetus: management and 
outcome. Obstet Gynecol 1978;52:26-30.

78. Rodriguez MH. Ultrasound evaluation of the postdate pregnancy. 
Clin Obstet Gynecol 1989;32:257-261.

79. Arias F. Predictability of complications associated with prolongation 
of pregnancy. Obstet Gynecol 1987;70:101-106.

80. Acker DB, Sachs BP, Friedman EA. Risk factors for shoulder dysto-
cia. Obstet Gynecol 1985;66:762-768.

81. Gross SJ, Shime J, Farine D. Shoulder dystocia: predictors and 
outcome—a five-year review. Am J Obstet Gynecol 1987;156:334- 
336.

82. Miller Jr JM, Korndorffer 3rd FA, Gabert HA. Fetal weight esti-
mates in late pregnancy with emphasis on macrosomia. J Clin Ultra-
sound 1986;14:437-442.

83. Sabbagha RE, Minogue J, Tamura RK, Hungerford SA. Estimation 
of birth weight by use of ultrasonographic formulas targeted to 
large-, appropriate-, and small-for-gestational-age fetuses. Am J 
Obstet Gynecol 1989;160:854-860; discussion 860-862.

84. Miller Jr JM, Kissling GA, Brown HL, Gabert HA. Estimated fetal 
weight: applicability to small- and large-for-gestational-age fetus. J 
Clin Ultrasound 1988;16:95-97.

85. Doubilet PM, Benson CB. Fetal growth disturbances. Semin Roent-
genol 1990;25:309-316.

86. Miller Jr JM, Korndorffer Jr FA, Kissling GE, et al. Recognition of 
the overgrown fetus: in utero ponderal indices. Am J Perinatol 
1987;4:86-89.

87. Chamberlain PF, Manning FA, Morrison I, et al. Ultrasound evalu-
ation of amniotic fluid volume. II. The relationship of increased 
amniotic fluid volume to perinatal outcome. Am J Obstet Gynecol 
1984;150:250-254.

outcomes. Am J Obstet Gynecol 2008;198:703 e1-e5; discussion 
e5-e6.

36. Kalish RB, Thaler HT, Chasen ST, et al. First- and second-trimester 
ultrasound assessment of gestational age. Am J Obstet Gynecol 
2004;191:975-978.

Weight Estimation and Assessment
37. Campbell S, Wilkin D. Ultrasonic measurement of fetal abdomen 

circumference in the estimation of fetal weight. Br J Obstet Gynae-
col 1975;82:689-697.

38. Higginbottom J, Slater J, Porter G, Whitfield CR. Estimation of 
fetal weight from ultrasonic measurement of trunk circumference. 
Br J Obstet Gynaecol 1975;82:698-701.

39. Warsof SL, Gohari P, Berkowitz RL, Hobbins JC. The estimation of 
fetal weight by computer-assisted analysis. Am J Obstet Gynecol 
1977;128:881-892.

40. Shepard MJ, Richards VA, Berkowitz RL, et al. An evaluation of two 
equations for predicting fetal weight by ultrasound. Am J Obstet 
Gynecol 1982;142:47-54.

41. Thurneau GR, Tamura RK, Sabbagha R, et al. A simple estimated 
fetal weight equation based on real-time ultrasound measurements 
of fetuses less than thirty-four weeks’ gestation. Am J Obstet Gynecol 
1983;145:557-561.

42. Jordaan HV. Estimation of fetal weight by ultrasound. J Clin Ultra-
sound 1983;11:59-66.

43. Hadlock FP, Harrist RB, Carpenter RJ, et al. Sonographic estimation 
of fetal weight: the value of femur length in addition to head and 
abdomen measurements. Radiology 1984;150:535-540.

44. Hadlock FP, Harrist RB, Sharman RS, et al. Estimation of fetal 
weight with the use of head, body, and femur measurements: a 
prospective study. Am J Obstet Gynecol 1985;151:333-337.

45. Birnholz JC. An algorithmic approach to accurate ultrasonic fetal 
weight estimation. Invest Radiol 1986;21:571-576.

46. Vintzileos AM, Campbell WA, Rodis JF, et al. Fetal weight estima-
tion formulas with head, abdominal, femur, and thigh circumference 
measurements. Am J Obstet Gynecol 1987;157:410-414.

47. Lee W, Deter RL, Ebersole JD, et al. Birth weight prediction by 
three-dimensional ultrasonography: fractional limb volume. J Ultra-
sound Med 2001;20:1283-1292.

48. Song TB, Moore TR, Lee JI, et al. Fetal weight prediction by thigh 
volume measurement with three-dimensional ultrasonography. 
Obstet Gynecol 2000;96:157-161.

49. Schild RL, Fimmers R, Hansmann M. Fetal weight estimation by 
three-dimensional ultrasound. Ultrasound Obstet Gynecol 2000;16: 
445-452.

50. Uotila J, Dastidar P, Heinonen T, et al. Magnetic resonance imaging 
compared to ultrasonography in fetal weight and volume estimation 
in diabetic and normal pregnancy. Acta Obstet Gynecol Scand 2000; 
79:255-259.

51. Hatab MR, Zaretsky MV, Alexander JM, Twickler DM. Comparison 
of fetal biometric values with sonographic and 3D reconstruction 
MRI in term gestations. AJR Am J Roentgenol 2008;191:340-345.

52. Benacerraf BR, Gelman R, Frigoletto Jr FD. Sonographically esti-
mated fetal weights: accuracy and limitation. Am J Obstet Gynecol 
1988;159:1118-1121.

53. Townsend RR, Filly RA, Callen PW, Laros RK. Factors affecting 
prenatal sonographic estimation of weight in extremely low birth-
weight infants. J Ultrasound Med 1988;7:183-187.

54. Scioscia M, Scioscia F, Vimercati A, et al. Estimation of fetal weight 
by measurement of fetal thigh soft-tissue thickness in the late third 
trimester. Ultrasound Obstet Gynecol 2008;31:314-320.

55. Hill LM, Breckle R, Wolfgram KR, O’Brien PC. Evaluation of three 
methods for estimating fetal weight. J Clin Ultrasound 1986;14: 
171-178.

56. Benson CB, Doubilet PM, Saltzman DH. Sonographic determina-
tion of fetal weights in diabetic pregnancies. Am J Obstet Gynecol 
1987;156:441-444.

57. Chauhan SP, Scardo JA, Hendrix NW, et al. Accuracy of sono-
graphically estimated fetal weight with and without oligohydram-
nios: a case-control study. J Reprod Med 1999;44:969-973.

58. Pineau JC, Grange G, Kapitaniak B, et al. Estimation of fetal weight: 
accuracy of regression models versus accuracy of ultrasound data. 
Fetal Diagn Ther 2008;24:140-145.

59. Doubilet PM, Benson CB, Nadel AS, Ringer SA. Improved birth 
weight table for neonates developed from gestations dated by early 
ultrasonography. J Ultrasound Med 1997;16:241-249.



Chapter 42 ■ Fetal Measurements: Normal and Abnormal Fetal Growth  1471

109. Benson CB, Doubilet PM. Head-sparing in fetuses with intrauterine 
growth retardation: does it really occur? Radiology 1986;161(P):75.

110. Benson CB, Doubilet PM, Saltzman DH. Intrauterine growth retar-
dation: predictive value of ultrasound criteria for antenatal diagnosis. 
Radiology 1986;160:415-417.

111. Benson CB, Doubilet PM. Doppler criteria for intrauterine growth 
retardation: predictive values. J Ultrasound Med 1988;7:655-659.

112. Weinstein MC, Fineberg HV, Elstein AS, et al. Clinical decision 
analysis. Philadelphia: Saunders; 1980.

113. Ott WJ. Diagnosis of intrauterine growth restriction: comparison of 
ultrasound parameters. Am J Perinatol 2002;19:133-137.

114. Bahado-Singh RO, Kovanci E, Jeffres A, et al. The Doppler cere-
broplacental ratio and perinatal outcome in intrauterine growth 
restriction. Am J Obstet Gynecol 1999;180:750-756.

115. McCowan LM, Erskine LA, Ritchie K. Umbilical artery Doppler 
blood flow studies in the preterm, small for gestational age fetus. Am 
J Obstet Gynecol 1987;156:655-659.

116. Reuwer PJ, Sijmons EA, Rietman GW, et al. Intrauterine growth 
retardation: prediction of perinatal distress by Doppler ultrasound. 
Lancet 1987;2:415-418.

117. Rochelson BL, Schulman H, Fleischer A, et al. The clinical signifi-
cance of Doppler umbilical artery velocimetry in the small for ges-
tational age fetus. Am J Obstet Gynecol 1987;156:1223-1226.

118. Berkowitz GS, Mehalek KE, Chitkara U, et al. Doppler umbilical 
velocimetry in the prediction of adverse outcome in pregnancies at 
risk for intrauterine growth retardation. Obstet Gynecol 1988;71: 
742-746.

119. Westergaard HB, Langhoff-Roos J, Lingman G, et al. A critical 
appraisal of the use of umbilical artery Doppler ultrasound in high-
risk pregnancies: use of meta-analyses in evidence-based obstetrics. 
Ultrasound Obstet Gynecol 2001;17:466-476.

120. Illyes M, Gati I. Reverse flow in the human fetal descending aorta 
as a sign of severe fetal asphyxia preceding intrauterine death. J Clin 
Ultrasound 1988;16:403-407.

121. Brar HS, Platt LD. Reverse end-diastolic flow velocity on umbilical 
artery velocimetry in high-risk pregnancies: an ominous finding with 
adverse pregnancy outcome. Am J Obstet Gynecol 1988;159:559- 
561.

122. Woo JS, Liang ST, Lo RL. Significance of an absent or reversed end 
diastolic flow in Doppler umbilical artery waveforms. J Ultrasound 
Med 1987;6:291-297.

123. Trudinger BJ, Giles WB, Cook CM. Flow velocity waveforms in the 
maternal uteroplacental and fetal umbilical placental circulations. 
Am J Obstet Gynecol 1985;152:155-163.

124. Baschat AA, Gembruch U, Reiss I, et al. Relationship between arte-
rial and venous Doppler and perinatal outcome in fetal growth 
restriction. Ultrasound Obstet Gynecol 2000;16:407-413.

125. Fong KW, Ohlsson A, Hannah ME, et al. Prediction of perinatal 
outcome in fetuses suspected to have intrauterine growth restriction: 
Doppler ultrasound study of fetal cerebral, renal, and umbilical 
arteries. Radiology 1999;213:681-689.

126. Benson CB, Boswell SB, Brown DL, et al. Improved prediction of 
intrauterine growth retardation with use of multiple parameters. 
Radiology 1988;168:7-12.

127. Benson CB, Belville JS, Lentini JF, et al. Intrauterine growth retarda-
tion: diagnosis based on multiple parameters: a prospective study. 
Radiology 1990;177:499-502.

128. Doubilet PM, Benson CB. Sonographic evaluation of intrauterine 
growth retardation. AJR Am J Roentgenol 1995;164:709-717.

129. Hecher K, Bilardo CM, Stigter RH, et al. Monitoring of fetuses with 
intrauterine growth restriction: a longitudinal study. Ultrasound 
Obstet Gynecol 2001;18:564-570.

88. Benson CB, Doubilet PM. Amniotic fluid volume in the large-for-
gestational-age fetus. Radiology 1989;173(P):248.

89. Miller Jr JM, Brown HL, Khawli OF, et al. Ultrasonographic iden-
tification of the macrosomic fetus. Am J Obstet Gynecol 1988;159: 
1110-1114.

90. Chauhan SP, West DJ, Scardo JA, et al. Antepartum detection of 
macrosomic fetus: clinical versus sonographic, including soft-tissue 
measurements. Obstet Gynecol 2000;95:639-642.

91. Basel D, Lederer R, Diamant YZ. Longitudinal ultrasonic biometry 
of various parameters in fetuses with abnormal growth rate. Acta 
Obstet Gynecol Scand 1987;66:143-149.

92. Elliott JP, Garite TJ, Freeman RK, et al. Ultrasonic prediction of 
fetal macrosomia in diabetic patients. Obstet Gynecol 1982;60:159- 
162.

93. Bochner CJ, Medearis AL, Williams 3rd J, et al. Early third-trimester 
ultrasound screening in gestational diabetes to determine the risk of 
macrosomia and labor dystocia at term. Am J Obstet Gynecol 
1987;157:703-708.

94. Sandmire HF, O’Halloin TJ. Shoulder dystocia: its incidence and 
associated risk factors. Int J Gynaecol Obstet 1988;26:65-73.

95. Tamura RK, Sabbagha RE, Depp R, et al. Diabetic macrosomia: 
accuracy of third trimester ultrasound. Obstet Gynecol 1986;67: 
828-832.

96. Bracero LA, Baxi LV, Rey HR, Yeh MN. Use of ultrasound in ante-
natal diagnosis of large-for-gestational age infants in diabetic gravid 
patients. Am J Obstet Gynecol 1985;152:43-47.

97. Benson CB, Doubilet PM, Saltzman DH, et al. Femur  
length/abdominal circumference ratio: poor predictor of macroso-
mic fetuses in diabetic mothers. J Ultrasound Med 1986;5:141- 
144.

98. Combs CA, Rosenn B, Miodovnik M, Siddiqi TA. Sonographic 
EFW and macrosomia: is there an optimum formula to predict 
diabetic fetal macrosomia? J Matern Fetal Med 2000;9:55-61.

99. Colman A, Maharaj D, Hutton J, Tuohy J. Reliability of ultrasound 
estimation of fetal weight in term singleton pregnancies. NZ Med J 
2006;119:U2146.

100. Lugo G, Cassady G. Intrauterine growth retardation: clinicopatho-
logic findings in 233 consecutive infants. Am J Obstet Gynecol 
1971;109:615-622.

101. Galbraith RS, Karchmar EJ, Piercy WN, Low JA. The clinical pre-
diction of intrauterine growth retardation. Am J Obstet Gynecol 
1979;133:281-286.

102. Divon MY, Chamberlain PF, Sipos L, et al. Identification of the 
small for gestational age fetus with the use of gestational age-inde-
pendent indices of fetal growth. Am J Obstet Gynecol 1986;155: 
1197-1201.

103. Sabbagha RE. Intrauterine growth retardation avenues of future 
research in diagnosis and management by ultrasound. Semin Peri-
natol 1984;8:31-36.

104. Reed K, Droegmueller W. Intrauterine growth retardation. In: Cen-
trullo CL, Sbarra AJ, editors. The problem-oriented medical record. 
New York: Plenum; 1984. p. 174-194.

105. Lockwood CJ, Weiner S. Assessment of fetal growth. Clin Perinatol 
1986;13:3-35.

106. Lin CC, Santolaya-Forgas J. Current concepts of fetal growth restric-
tion. Part I. Causes, classification, and pathophysiology. Obstet 
Gynecol 1998;92:1044-1055.

107. Seeds JW. Impaired fetal growth: definition and clinical diagnosis. 
Obstet Gynecol 1984;64:303-310.

108. Dobson PC, Abell DA, Beischer NA. Mortality and morbidity of 
fetal growth retardation. Aust NZ J Obstet Gynaecol 1981;21:69- 
72.



CHAPTER 43 

Fetal Surveillance: Doppler 
Assessment of Pregnancy 
and Biophysical Profile

Maryam Rivaz, Norman L. Meyer, Rebecca A. Uhlmann, and  
Giancarlo Mari

Chapter Outline

FETAL CIRCULATION
INTRAUTERINE GROWTH 

RESTRICTION
Doppler Waveform Analysis

Uterine Artery
Umbilical Artery
Middle Cerebral Artery
Other Arteries
Fetal Venous System
Fetal Cardiac System

Management: Staging and 
Classification

RED CELL ALLOIMMUNIZATION
PREDICTION OF FETAL 

HEMATOCRIT
MULTIPLE GESTATIONS
Umbilical Artery Doppler Ultrasound 

in Discordant Twins
Doppler Ultrasound in Twin-Twin 

Transfusion Syndrome

INDOMETHACIN AND DUCTUS 
ARTERIOSUS

DOPPLER ULTRASOUND IN 
FETAL MORPHOLOGIC 
ABNORMALITIES

BIOPHYSICAL PROFILE SCORING
Modified Profile
Growth-Restricted Fetuses
CONCLUSION

Fetal surveillance by ultrasound is performed by a 
combination of assessment of growth (Chapter 42), 
Doppler ultrasound waveform analysis, and biophysical 
profile.

Studies have shown that Doppler ultrasound, intro-
duced in obstetrics in 1977, represents an important 
screening and diagnostic tool in modern obstetrics.1,2 
FitzGerald and Drumm3 first reported that the umbili-
cal artery (UA) waveforms are abnormal in fetuses with 
intrauterine growth restriction (IUGR), and that 
reversed flow of the UA is associated with poor prog-
nosis. Their breakthrough concept of studying wave-
forms resulted in several important clinical applications. 
For example, the American College of Obstetrics and 
Gynecology (ACOG) has endorsed the use of UA 
Doppler ultrasound in high-risk pregnancies.4 Doppler 
ultrasound assessment of the UA has become a standard 
of care for fetuses with IUGR, which helps to decrease 
the perinatal mortality in high-risk pregnancies.1 Doppler 
ultrasound of the middle cerebral artery has become 
the standard care for the diagnosis of fetal anemia, thus 
avoiding unnecessary invasive procedures.5-8

Information obtained with Doppler ultrasound helps 
manage pregnancies complicated by IUGR, fetal anemia, 
and multiple gestations. In addition, Doppler sonogra-
phy is useful in the assessment of medication effects on 
maternal and fetal circulation.

FETAL CIRCULATION

The fetal blood circulation consists of parallel blood flow 
pathways and two shunts (Fig. 43-1). The oxygen (O2)–

rich and nutrient-enriched blood goes from the placenta 
to the umbilical vein, and once it reaches the liver, some 
blood flows through it, turns right, and joins the trans-
verse portion of the left portal vein. Some blood bypasses 
the liver via the ductus venosus and enters the right 
atrium via the inferior vena cava (IVC).

A subdiaphragmatic venous vestibulum is formed by 
the confluence of the three hepatic veins, the ductus 
venosus, and the IVC just below the level of the right 
atrium. The right atrium receives venous return from 
the upper part of the body through the superior vena 
cava (SVC) and from the myocardium via the coronary 
sinus. The largest amount of the blood from the right 
atrium flows through the foramen ovale into the left 
atrium and through the mitral valve into the left ven-
tricle. From there, blood empties into the aorta, passes 
through the aortic arch over the bifurcation in the right 
and left pulmonary artery, and enters the descending 
part of the aorta.

In contrast, carbon dioxide (CO2)–rich, nutrient-poor 
blood flows from the SVC into the right atrium, is partially 
mixed with the O2-rich blood from the placenta, and 
enters the right ventricle via the tricuspid valve. A small 
portion of the blood passes through the pulmonary cir-
culation via the pulmonary trunk and the pulmonary 
arteries and reaches the left atrium through the pulmonary 
veins, followed by entrance into the systemic circulation 
system. Because of the high pulmonary arterial pressure 
in the lungs, however, a substantially larger part flows 
through the ductus arteriosus and goes into the descend-
ing aorta and directly into the systemic circulation.

The blood streams to the right atrium carry blood 
with different concentrations of nutrients and oxygen, 
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the foramen ovale, whereas O2-poor blood enters the 
right ventricle through the tricuspid valve.

Blood from the left ventricular output is circulated 
through the brachiocephalic vessels to the brain and 
upper body and through the coronary vessels to the 
myocardium. Right ventricular output largely bypasses 
the lungs and reaches the aorta through the ductus arte-
riosus. The blood from both ventricles is mixed and 
eventually reaches the placenta through the umbilical 
arteries.11

In the human fetus, 60% to 70% of umbilical venous 
blood is circulated to the liver and the remainder to the 
heart. With chronic hypoxemia, this proportion may be 
adjusted so that a larger proportion of umbilical venous 
blood can bypass the liver to reach the heart.12

INTRAUTERINE GROWTH 
RESTRICTION

The fetus with IUGR is a fetus that does not reach its 
potential growth. However, most of the studies that 
report on IUGR have not differentiated between “con-
stitutionally” small and “pathologically” small fetuses. 
Additionally, studies on the pathogenesis of IUGR have 
been limited by the concept that IUGR fetuses represent 
a homogeneous group. This has created some confusion 
about the mechanisms of IUGR. We use the term small 

so appropriate channeling is necessary to ensure that 
sufficient nutrient and oxygen is delivered to the vital 
organs. This is accomplished by several unique features 
of the ductus venosus foramen ovale, aortic isthmus, and 
origin of the UA that result in different velocities and 
directions in venous bloodstreams. The umbilical vein 
transports nutrient-rich blood from the placenta, and a 
large part of it is channeled through the bed of capillaries 
in the liver.

A functional sphincter regulates the flow of blood 
through the ductus venosus (DV). The DV develops at 
approximately 7 weeks’ gestation and shows relatively 
little increase in size, in contrast to the other precordial 
veins, which grow proportionally with the embryo.9 
After the first trimester, diameter of the DV measures 
approximately one-third the umbilical vein diameter. As 
a result, blood from the umbilical vein accelerates on 
entering the DV.10 This accelerated blood flow enters the 
IVC with the left hepatic venous return, and the com-
bined flow is directed through the foramen ovale into 
the left atrium. By comparison, the venous returns from 
the right and middle hepatic veins and IVC have slower 
blood flow velocities and are directed toward the right 
atrium. There is relatively little mixing of the venous 
returns from the DV/left hepatic vein and the right and 
middle hepatic veins/IVC because of the differences in 
velocity and direction of the incoming bloodstreams. As 
a result, O2-rich blood reaches the left ventricle through 

FIGURE 43-1. Diagram of fetal 
heart. Percentages of combined ventricular 
output ejected by each ventricle in the circu-
lation of the fetal lamb. Well-oxygenated left 
ventricular blood supplies the brain and 
heart while right ventricular blood with 
lower oxygen content is predominantly  
distributed to the placenta. The largest pro-
portion of the combined cardiac output 
(CCO) is distributed to the placenta for 
oxygenation.
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information on various aspects of blood flow in circula-
tion, including the presence and direction of flow, veloc-
ity profile, volume of flow, and impedance to flow. 
These waveforms have been used extensively for assessing 
downstream circulatory impedance. The essential condi-
tion for the assessment of true velocity depends on the 
angle between the ultrasound beam and the direction of 
the blood flow, which needs to be as close as possible to 
0 degrees (Fig. 43-2). As the incident angle increases, 
blood velocity is progressively underestimated; therefore 
the following angle-independent indices are used:
1. Systolic-to-diastolic (S/D) ratio = Peak systolic 

velocity/End diastolic velocity (PSV/EDV)
2. Resistive index (RI) = (PSV − EDV)/PSV
3. Pulsatility index (PI) = (PSV − EDV)/Mean 

velocity
Blood flow velocity of the fetal vascular system can be 

either pulsatile or continuous. The arteries always have 
a pulsatile pattern, whereas the veins have either a pul-
satile or a continuous pattern (Fig. 43-3). The S/D ratio 
and RI are easy to calculate. The PI is more complex 
because it requires the calculation of the mean velocity 
(MV), but modern Doppler ultrasound equipment pro-
vides those values in real time. In practice, for the UA, 
the MCA, and the uterine arteries, no one index is supe-
rior to the others, and any of the indices may be used.

These three indices provide information on vascular 
impedance, which is not the same as vascular resistance. 
In fact, impedance has a more extensive meaning than 
resistance, because it depends on vascular resistance, 
preload, heart rate, and cardiac contractility. The term 
vascular resistance, however, has been extensively used 
in the literature and is commonly accepted. By calculat-
ing one of these indices and therefore estimating the 
vascular resistance, we can obtain information on the 
amount of blood flow. For example, if we assess the PI 

for gestational age (SGA) for those small fetuses with 
no maternal pathology and with normal UA and middle 
cerebral artery (MCA) Doppler ultrasound results. In 
contrast, growth-restricted fetuses are small fetuses with 
a recognizable maternal pathology or an abnormal UA 
or MCA Doppler ultrasound. In many IUGR fetuses, 
there is an underlying maternal pathology, such as 
chronic hypertension or advanced-stage diabetes mel-
litus, as the basis of placental insufficiency. In other 
fetuses with IUGR, placental insufficiency has no iden-
tifiable cause, but there is an abnormal fetal Doppler 
ultrasound, defined as “idiopathic” IUGR.13,14

The concept that placental insufficiency is “the” cause 
of IUGR is a source of confusion. Placental insufficiency 
is not the “cause” of the problem, but rather is the con-
sequence of a poorly understood disease process.14,15 Pla-
cental insufficiency is a “symptom” with many potential 
underlying causes. With IUGR, we often view the 
problem from the wrong direction—as a consequence  
of placental insufficiency—and we therefore believe that 
we should treat the placental insufficiency. In reality,  
we should find and treat the specific cause of placental 
insufficiency.

Optimal management, however, would be the preven-
tion of IUGR entirely. Growth-restricted fetuses undergo 
a different series of cardiovascular changes that in patients 
with preeclampsia, or other maternal pathology, and 
fetuses with idiopathic IUGR. In idiopathic IUGR, 
Doppler ultrasound changes can be predicted on almost 
a day-by-day basis. If no sudden adverse event occurs, 
such as a placental abruption, these fetuses can be fol-
lowed until fetal cardiac failure occurs. This is not the 
case in patients with preeclampsia, in whom Doppler 
ultrasound changes of IUGR are unpredictable.16 The 
importance of this concept is that in cases of idiopathic 
IUGR, delivery has the potential of being timed. It is 
important to emphasize that not all IUGR fetuses are 
the same, and that they must be categorized into appro-
priate groups according to severity and etiology.14-24

Doppler ultrasound plays a fundamental role in the 
diagnosis of IUGR and also has the potential to play an 
important role in timing the delivery of some growth-
restricted fetuses. Doppler sonography of the UA and 
MCA, in combination with biometry, provides the best 
tool to identify small fetuses at risk for an adverse 
outcome.25,26 In addition, Doppler ultrasound studies of 
the fetal cardiovascular system allow assessment of the 
blood flow redistribution observed in IUGR.26 This 
process is mainly characterized by an increased UA and 
a decreased MCA pulsatility index, which suggests 
increased vascular resistance of the UA and cerebral 
vasodilation.

Doppler Waveform Analysis

Doppler ultrasound waveforms reflect blood velocity. 
However, Doppler waveforms also may provide  

FIGURE 43-2. Typical Doppler waveform of a fetal 
artery. The beginning of the waveform coincides with the 
beginning of the cardiac systole; S, peak systolic velocity (PSV); 
D, end diastolic velocity (EDV); M, mean velocity (MV). Velocity 
is shown on the Y axis. Note that the velocity is the true velocity 
if the angle between the ultrasound beam and the blood flow is 
close to 0 degrees.
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in the third trimester of pregnancy. Thus the diastolic 
component of the uterine artery Doppler waveform is 
transformed during normal pregnancy from one of low 
peak flow velocity and an early diastolic notch, to one 
of high flow velocity and an early diastolic notch by 18 
to 22 weeks.27 The uterine artery waveform by the mid–
second trimester is therefore characterized by high end 
diastolic velocities (EDVs) with continuous forward 
blood flow throughout diastole. With advancing gesta-
tion, the degree of end diastolic flow typically increases. 
Indices used to quantify these waveforms include PI, RI, 
and notching of one or both uterine arteries.

However, failure of normal endovascular trophoblas-
tic invasion of the spiral arteries results in increased 
uterine artery vascular resistance and decreased perfusion 
of the placenta.28,29 If the end diastolic flow does not 
increase throughout pregnancy, or if a small notch is 
detected at the beginning of diastole, the fetus is at high 
risk for developing IUGR.30 Diastolic blood flow may be 
absent or even reversed with extreme degrees of placental 
dysfunction. Such findings are ominous and may precede 

(or the RI or S/D ratio) at the level of the MCA in fetuses 
appropriate for gestational age (AGA) and in growth-
restricted fetuses at the same gestational age, the IUGR 
fetuses will have a lower PI value at the MCA than the 
AGA fetuses. Our interpretation is that in IUGR fetuses, 
there is a lower vascular resistance at the MCA than in 
AGA fetuses. This suggests an increased blood flow to 
the brain. However, we do not know the true value of 
the vascular resistance or the true amount of cerebral 
blood flow.

Uterine Artery

In the first half of pregnancy, trophoblasts invade the 
uterine vessels and result in dilated spiral arteries, which 
increase the uterine perfusion 10-fold to 12-fold. These 
arteries provide nutrient supply and gas exchange for the 
fetus. Each uterine artery should be sampled soon after 
the crossing of the iliac vessels (Fig. 43-4).

The uterine arterial blood flow in nonpregnant women 
is 50 mL per minute and increases to over 700 mL/min 

FIGURE 43-3. Umbilical artery and umbilical vein. A, 
The umbilical vein has a constant velocity, whereas the umbilical artery 
(UA) is pulsatile because it reflects the systole and diastole of the cardiac 
cycle. In this case, the umbilical vein blood flow was toward the trans-
ducer, and therefore the waveform is represented above the baseline. 
The UA blood flow was directed away from the transducer, and there-
fore arterial flow is represented below the baseline. B, “Chasing” the 
cord in gray scale will lead to inadvertently large angles of insonation 
and the erroneous impression of reduced or even absent end diastolic 
flow. Magnification of a cord segment followed by use of color flow 
Doppler ultrasound, detecting blood flow velocity in the vertical plane, 
allows the pulsed Doppler gate to be placed in each artery with a 
minimal angle of insonation. C, Normal arterial waveform in the same 
patient as B. (A from Mari G, Detti L. Doppler ultrasound: application 
to fetal medicine. In Fleischer AC, Manning FA, Jeanty P, Romero R, 
editors. Sonography in obstetrics and gynecology: principles and prac-
tice. New York, 2001, McGraw-Hill, pp 247-283.)
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indications for the assessment of the uterine artery 
Doppler ultrasound are (1) previous history of pre-
eclampsia, (2) previous child with IUGR, (3) unex-
plained high maternal serum alpha-fetoprotein levels, 
and (4) high human chorionic gonadotropin levels. If 
the PI values of both uterine arteries are normal, the 
patient can be informed that she most likely will not 
develop preeclampsia or have an IUGR fetus. This is 
because of the high negative predictive value (>99%) of 
the test. If one of the uterine arteries is abnormal, patients 
are followed with more frequent clinic visits and ultra-
sounds for growth because the positive predictive value 
in populations at risk ranges from 50% to 75%.

Umbilical Artery

Placental blood is assessed by studying the umbilical 
artery. UA waveforms are slightly different at the fetal 
abdominal wall and at the placental insertion,34 with 
indices higher at the wall than the insertion (Fig. 43-5). 
However, the difference is minimal, so it is not impor-
tant to obtain the waveforms always at the same level. In 
practice, the UA is best examined in a segment of free-
floating umbilical cord. Waveforms are optimized by 
selecting the vessel to be interrogated, zooming in on the 
region, and placing the Doppler ultrasound gate in a 
segment of cord flowing at close to 0 degrees to the 
transducer. If there is reversed flow, the UA is reexam-
ined close to the placental insertion, because this segment 
of the UA is the last part to develop reversed flow16 (Fig. 
43-6). UA waveforms change with advancing gesta-
tion.3,35 End diastolic flow is often absent in the first 

fetal death or signal a high risk of abnormal fetal neuro-
logic outcome.31 The PI of each uterine artery should be 
obtained independently, using a PI value of 1.41 to dif-
ferentiate between normal and abnormal values. Doppler 
ultrasound studies of the uterine artery in early preg-
nancy have been evaluated as a screening tool for preg-
nancies destined to develop preeclampsia or IUGR.31

A recent literature review reported that abnormal 
uterine artery waveforms are a better predictor of pre-
eclampsia than of IUGR when performed after 16 weeks’ 
gestation.32 However, different indices best predicted 
preeclampsia or IUGR based on the a priori risk. Thus, 
an abnormal PI and uterine artery notching in the second 
trimester best predicted preeclampsia, whereas the best 
predictor of IUGR in high-risk patients was an increased 
RI.33 The following issues, however, remain unclear:
1. When the assessment of uterine arteries should be 

carried out: at 16, 20, or 24 weeks of gestation.
2. Whether assessment of the maternal uterine arteries 

notching is useful.
3. If the PI or RI is the most useful parameter.
4. Whether the addition of the PI or RI of both 

maternal uterine arteries is necessary.
Future studies will have to clarify when to assess the 

uterine arteries, what cutoff value to use for the uterine 
artery Doppler RI and PI, and whether biochemical 
markers need to be added to the Doppler ultrasound 
assessment for better predictive information.

It is also important to minimize subjective interpre-
tation of the waveforms, especially characterization if  
a notch is present, which can depend on the speed  
of recording the Doppler ultrasound tracing. The  

FIGURE 43-4. Uterine artery as it crosses iliac vessels. A, When it appears to originate from the external iliac artery, this 
is an artifact. The uterine artery (UTA) is sampled on color Doppler ultrasound soon after it crosses the iliac vessels. EIA, External iliac 
artery; EIV, external iliac vein. B, Normal UTA waveform with high diastolic flow. C, Abnormal UTA waveform with obvious early 
diastolic notch. (From Mari G. Doppler ultrasonography in obstetrics: from the diagnosis of fetal anemia to the treatment of intrauterine growth-
restricted fetuses. Am J Obstet Gynecol 2009;200:613 e1-e9.)
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FIGURE 43-5. Umbilical artery waveform near pla-
cental insertion.

PSV
EDV
MDV
RI
PI
S/D
TAPV
HR

44.8 cm/s
8.12 cm/s
8.12 cm/s
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21.9 cm/s
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FIGURE 43-6. Umbilical artery (UA) in intrauterine growth restriction (IUGR). A, Reversal of diastolic flow. UA 
Doppler waveforms obtained in fetus with severe IUGR, 23 days before fetal demise at 26 weeks’ gestation. The umbilical cord was 
sampled in a free-floating segment. B, Absent, but not reversed, UA diastolic flow on Doppler ultrasound waveforms sampled at the 
placental insertion. (From Mari G. Doppler ultrasonography in obstetrics: from the diagnosis of fetal anemia to the treatment of intrauterine 
growth-restricted fetuses. Am J Obstet Gynecol 2009;200:613 e1-e9.)

A B

FIGURE 43-7. Umbilical artery waveforms. UA 
Doppler ultrasound waveforms during fetal breathing are different 
from each other. (From Mari G, Detti L. Doppler ultrasound: 
application to fetal medicine. In Fleischer AC, Manning FA, Jeanty 
P, Romero R, editors. Sonography in obstetrics and gynecology: 
principles and practice. New York, 2001, McGraw-Hill, pp 
247-283.)

trimester,11 and the diastolic component increases with 
advancing gestation because of a decreased placental vas-
cular resistance.25,36,37 Absent end diastolic flow in the 
umbilical artery is an abnormal finding by the mid–
second trimester. UA waveforms should be obtained 
during periods of fetal apnea because fetal breathing 
affects the waveforms (Fig. 43-7). Similarly, a fetal 
cardiac arrhythmia, particularly periods of bradycardia, 
can also lead to abnormal Doppler ultrasound indices.

In pathologic conditions such as IUGR, the UA wave-
forms change, with a decreased diastolic component, and 
the angle-independent indices become abnormal, with 
values above their reference ranges.38-42 These changes 
reflect an increased placental vascular resistance.25 As the 
placental insufficiency worsens, the diastolic velocity 
decreases, then becomes absent, and later is reversed. 
Some fetuses have a decreased diastolic velocity that 
remains constant with advancing gestation and never 
becomes absent or reversed, which may be caused by a 
milder form of placental insufficiency. Trudinger et al.25 
demonstrated that the number of placental arteries  
per high-power field is decreased in cases of abnormal 
UA Doppler ultrasound.25 Only in pregnancies with 
suspected IUGR or hypertensive disease of pregnancy 
does the use of UA Doppler ultrasound reduce the 
number of perinatal deaths and unnecessary obstetric 
interventions.43

Middle Cerebral Artery

Anteriorly, the circle of Willis is composed of the ante-
rior cerebral arteries (branches of internal carotid artery 
[ICA] connected by anterior communicating artery); 
posteriorly, it consists of the two posterior cerebral arter-
ies (branches of basilar artery connected on either side 
to ICA), which supply the cerebral hemispheres on each 
side. These arteries have different waveforms,44 so it is 
important to know which artery is being interrogated.

The middle cerebral artery is the vessel of choice to 
assess the fetal cerebral circulation because it is easy to 
identify, is highly reproducible, and provides informa-
tion on the brain-sparing effect.26 In addition, the MCA 
can be studied easily with an angle of 0 degrees between 
the ultrasound beam and the direction of blood flow 
(Fig. 43-8), providing information on the true velocity 
of the blood flow.26 The MCA should be sampled soon 
after its origin from the ICA.17 Technique is important 
for obtaining accurate results. In the absence of fetal 
breathing and movements, the examination takes 
approximately 5 to 10 minutes with the patient.

Reference values for the middle cerebral artery pul-
satility index (MCA PI) change throughout gestation 
(Table 43-1 and Fig. 43-9). The lower PI values early 
and late in gestation may be caused by the increased 
metabolic requirements of the brain during these 
periods.45 Several conditions are associated with an 
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increase or decrease of the MCA PI when compared to 
normal values.

Animal and human experiments have shown that 
IUGR is associated with increased blood flow to the fetal 
brain.46,47 This increase in blood flow during diastole can 
be demonstrated by Doppler ultrasound of the MCA.26 
This effect is termed the brain-sparing effect and is 
demonstrated by a lower value of the MCA PI (Fig. 
43-10). It is important to emphasize that the MCA PI 
changes with increasing gestational age. In IUGR fetuses 
with a PI below the normal range, there is a greater 
incidence of adverse perinatal outcome.26 The brain-
sparing effect may be transient, as reported during pro-
longed hypoxemia in animal experiments,48 and it may 
be lost in the overstressed human fetus49 (Fig. 43-11).

The MCA PI is below the normal range when oxygen 
tension (Po2) is reduced.50 Maximum reduction in PI is 

FIGURE 43-8. Middle cerebral artery (MCA) on color Doppler ultrasound. A, Circle of Willis. B, Spectral Doppler 
tracing. Note how Doppler gate is on the MCA just after the origin from the internal carotid artery. Note that the MCA is studied with 
an angle close to 0 degrees; therefore the velocity is close to the real velocity of the blood flow. (From Mari G, Abuhamad AZ, Cosmi E, 
et al. Middle cerebral artery peak systolic velocity: technique and variability. J Ultrasound Med 2005;24:425-430.)
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MEASUREMENT OF MIDDLE CEREBRAL 
ARTERY (MCA) PEAK SYSTOLIC 

VELOCITY (PSV)

1. Obtain an axial section of the head at the level 
of the sphenoid bones.

2. Use color Doppler ultrasound to identify circle of 
Willis with MCA at angle close to 0 degrees.

3. Enlarge image of MCA.
4. Interrogate MCA soon after its origin from the 

ICA at angle close to 0 degrees using a 1- to 
2-mm sample volume.

5. Measure PSV.
6. Repeat the collection of MCA Doppler 

ultrasound three to five times.
7. Repeated waveforms should be similar.

TABLE 43-1. MIDDLE CEREBRAL 
ARTERY PULSATILITY INDEX (MCA PI)*

GA (week)

Normal Values

LOWER 
LIMIT†

PREDICTED 
VALUE UPPER LIMIT‡

15 0.99 1.57 2.14
16 1.08 1.71 2.33
17 1.16 1.83 2.51
18 1.23 1.95 2.67
19 1.30 2.05 2.81
20 1.35 2.14 2.93
21 1.40 2.22 3.04
22 1.44 2.29 3.13
23 1.48 2.34 3.20
24 1.51 2.38 3.26
25 1.52 2.41 3.30
26 1.54 2.43 3.32
27 1.54 2.44 3.33
28 1.54 2.43 3.32
29 1.52 2.41 3.30
30 1.50 2.38 3.26
31 1.48 2.34 3.20
32 1.44 2.28 3.12
33 1.40 2.21 3.03
34 1.35 2.13 2.92
35 1.29 2.04 2.79
36 1.22 1.94 2.65
37 1.15 1.82 2.49
38 1.07 1.69 2.32
39 0.98 1.56 2.13
40 0.89 1.40 1.92
41 0.78 1.24 1.70
42 0.67 1.06 1.45

*PI = −1.9763 + (0.32737 GA1) + (−0.00611 GA2).
†Predicted value − (2 × 0.184 × Predicted value).
‡Predicted value + (2 × 0.184 × Predicted value).

From Mari G, Deter RL. Middle cerebral artery flow velocity waveforms in 
normal and small-for-gestational-age fetuses. Am J Obstet Gynecol 
1992;166:1262-1270.

GA, Gestational age.
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reached when the fetal Po2 is 2 to 4 standard deviations 
(SD) below normal for gestational age. When the O2 
deficit is greater, the PI tends to rise, which presumably 
reflects the development of brain edema. In growth-
restricted fetuses the disappearance of the brain-sparing 
effect or presence of reversed MCA flow is a critical event 
for the fetus and precedes fetal death.49,51-53 Reversed 

FIGURE 43-9. Middle cerebral artery. MCA Doppler ultrasound at various gestational ages shows how diastolic flow increases 
as gestation advances. (From Mari G, Deter RL. Middle cerebral artery flow velocity waveforms in normal and small-for-gestational-age fetuses. 
Am J Obstet Gynecol 1992;166:1262-1270.)
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FACTORS ASSOCIATED WITH LOW 
AND HIGH MIDDLE CEREBRAL 
ARTERY PULSATILITY INDEX  

(MCA PI) VALUES

LOW MCA PI
Brain growth spurt
Postuterine contractions
High fetal heart rate
Severe anemia
Post-transfusion
Therapeutic amniocentesis
Ductal constriction and tricuspid insufficiency
Hypoxemia and acidemia

HIGH MCA PI
Uterine contractions
Low fetal heart rate
Oligohydramnios
Fetal head compression
Sustained hypoxemia with acidemia
Hydranencephaly
Indomethacin administration

Modified from Mari G, Detti L. Doppler ultrasound: 
application to fetal medicine. In Fleischer AC, Manning 
FA, Jeanty P, Romero R, editors. Sonography in obstetrics 
and gynecology: principles and practice. New York, 2001, 
McGraw-Hill, pp 247-283.

FIGURE 43-10. Middle cerebral artery. MCA Doppler 
ultrasound in IUGR at 24 weeks’ gestation shows how the brain-
sparing effect has resulted in relatively high diastolic flow (compare 
to 24 weeks in Fig. 43-9). The MCA pulsatility index (PI) is 
abnormal at 24 weeks. (From Mari G, Detti L. Doppler ultrasound: 
application to fetal medicine. In Fleischer AC, Manning FA, Jeanty 
P, Romero R, editors. Sonography in obstetrics and gynecology: 
principles and practice. New York, 2001, McGraw-Hill, pp 
247-283.)
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death. Conversely, the MCA PSV progressively increases 
with advancing gestation in all fetuses and tends to 
decrease slightly just before fetal biophysical deteriora-
tion or fetal demise. Despite this decrease, however, the 
MCA PSV value remains above the upper limit of 
normal until a few hours before delivery or fetal demise.

Although the MCA PSV is increased in anemic 
fetuses, those with IUGR are not anemic, raising the 
question, what is the mechanism of increased MCA PSV 

flow of the MCA velocity waveforms can be observed 
with head compression in normal pregnancies.

The middle cerebral artery peak systolic velocity 
(MCA PSV) is increased in IUGR fetuses (Fig. 43-12). 
This increase predicts perinatal mortality more accu-
rately than does the MCA PI.22 This finding can be 
explained because initially the MCA PI is abnormal in 
most IUGR fetuses but subsequently increases and 
trends toward normalization before delivery or fetal 

FIGURE 43-11. Umbilical artery (UA) and middle cerebral artery (MCA) waveforms in severe IUGR. At 25 
weeks’ gestation, there was absent end diastolic flow of the UA, pulsation of the umbilical vein, and the brain-sparing effect, as shown by 
high diastolic flow of the MCA. At 27 weeks, there was reverse diastolic flow of the UA, and the brain-sparing effect was not present. 
The fetus died 24 hours after this study. (From Mari G, Wasserstrum N. Flow velocity waveforms of the fetal circulation preceding fetal death 
in a case of lupus anticoagulant. Am J Obstet Gynecol 1991;164:776-778.)

25 weeks Umbilical artery

Middle cerebral artery

27 weeks

55
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FIGURE 43-12. Pulsatility index (PI) and peak systolic velocity (PSV) in IUGR. A, PI is abnormal, but PSV is normal. 
B, Both PI and PSV are abnormal. These findings indicate a more severe IUGR condition than in cases with normal PSV. C, Middle 
cerebral artery (MCA) waveforms with absent end diastolic flow. D, Reversed flow in MCA. (A and B from Mari G, Hanif F. Intrauterine 
growth restriction: how to manage and when to deliver. Clin Obstet Gynecol 2007;50:497-509. C and D from Mari G. Doppler ultrasonography 
in obstetrics: from the diagnosis of fetal anemia to the treatment of intrauterine growth-restricted fetuses. Am J Obstet Gynecol 2009;200: 
613 e1-e9.)
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in anemic and nonanemic fetuses? Hanif et al.54 showed 
that the mechanisms determining increased MCA PSV 
values are different in anemic AGA fetuses compared 
with nonanemic IUGR fetuses.54 In anemic fetuses the 
high MCA PSV is related to a decreased fetal hemoglo-
bin that can decrease blood viscosity; therefore cardiac 
output increases. In IUGR fetuses, however, the MCA 
PSV increase is significantly related to hypoxemia and 
hypercapnia and thus to brain autoregulation.17,54

Other Arteries

Many other arteries have been examined in AGA fetuses 
and those with IUGR, increasing our understanding of 
fetal physiology and pathophysiology in these condi-
tions. In our experience, however, the study of these 
vessels as currently performed adds no new information 
to the study of the UA and MCA in the management of 
IUGR fetuses.
Descending Aorta. Waveforms from the fetal descend-
ing aorta are usually recorded at the level of the dia-
phragm. Waveforms distal to the origin of the renal 
arteries are different55,56 (Fig. 43-13). The PI of the fetal 
descending aorta is 1.96 ± 0.30 (SD) at the diaphragm 
and 1.68 ± 0.28 after the origin of the renal arteries.56 
The pulsatility index is the preferred measurement in the 
descending aorta because end diastolic flow may be 
absent in normal fetuses. Waveforms in the descending 
aorta represent the summation of flow to the kidneys, 
bowel, placenta, and lower extremities. The PI of the 
fetal descending aorta remains relatively constant 
throughout gestation because placental and renal resis-
tance decreases while lower extremity vascular resistance 
increases with advancing gestation.57 In severe IUGR 
fetuses, there is reversed flow in the descending aorta.

FIGURE 43-13. Descending aorta. A, At the level of the diaphragm. B, Distal to the origin of the renal arteries. (From Mari G, 
Detti L. Doppler ultrasound: application to fetal medicine. In Fleischer AC, Manning FA, Jeanty P, Romero R, editors. Sonography in obstetrics 
and gynecology: principles and practice. New York, 2001, McGraw-Hill, pp 247-283.)
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Splenic Artery. The celiac trunk arises from the aorta 
between the crura of the diaphragm at the level of the 
12th thoracic vertebra (Fig. 43-14). The celiac trunk 
has three main branches: the splenic, common hepatic, 
and left gastric arteries. Abuhamad et al.58 found that 
IUGR fetuses have a lower splenic artery PI value. This 

FIGURE 43-14. Celiac trunk. Transverse section of the fetal 
abdomen at the level of the descending aorta, celiac trunk, splenic 
artery, and hepatic artery. (From Abuhamad AZ, Mari G, Bogdan 
D, Evans AT 3rd. Doppler flow velocimetry of the splenic artery in 
the human fetus: is it a marker of chronic hypoxia? Am J Obstet 
Gynecol 1995;172:820-825.)
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FIGURE 43-15. Superior mesenteric artery (SMA) 
and descending aorta (AO). The sample volume was 
initially placed on the SMA and then moved to the AO; PI, 
pulsatility index. (From Mari G, Detti L. Doppler ultrasound: 
application to fetal medicine. In Fleischer AC, Manning FA, Jeanty 
P, Romero R, editors. Sonography in obstetrics and gynecology: 
principles and practice. New York, 2001, McGraw-Hill, 
pp 247-283.)

SMA

AO

SMA  PI = 2.91 AO  PI = 1.5

FIGURE 43-16. Adrenal artery. A, Appropriate-for-gestational-age (AGA) fetus. B, Fetus with IUGR. (From Mari G, Uerpairojkit 
B, Abuhamad AZ, Copel JA. Adrenal artery velocity waveforms in the appropriate and small-for-gestational-age fetus. Ultrasound Obstet Gynecol 
1996;8:82-86.)
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suggests that in cases of chronic hypoxia, there is 
increased blood flow to the spleen because of increased 
erythropoiesis.59,60

Superior Mesenteric Artery. Superior mesenteric 
artery fetal waveforms are shown in Fig. 43-15. PI values 
increase over time.61 This may reflect increased bowel 
resistance because of increased bowel length with advanc-
ing gestation. However, assessment of these waveforms 
has not been found to be useful in evaluating IUGR 
fetuses.62

Adrenal Artery. In IUGR fetuses, there is a lower 
adrenal artery PI, suggesting an adrenal “stress response,” 
as reported in animal studies63 (Fig. 43-16).
Renal Artery. The renal artery can be studied in a 
coronal section of the descending aorta and after its 
origin from the descending aorta in the kidneys (Fig. 
43-17). Doppler ultrasound waveforms of the renal 
artery and vein are displayed on either side of the base-
line. The PI must be used to assess the renal artery 
because EDV is often absent in the second trimester and 
early third trimester.64,65 In fetuses with severe IUGR, 
the renal artery PI is above the reference range.
Femoral, Internal Iliac, and External Iliac Arter-
ies. Femoral artery waveforms are obtained soon after 
the vessel origin (Fig. 43-18). The normal appearance of 
the femoral artery waveforms changes during gestation. 
There is no difference between the femoral artery PI and 
the external iliac artery PI.57 The internal iliac artery is 
the intra-abdominal continuation of the umbilical artery 
and therefore reflects the UA waveforms.
Superior Cerebellar Artery. The superior cerebellar 
artery arises from the basilar artery before it divides  
into the two posterior cerebral arteries. The PI of the 
superior cerebellar artery is similar to that of the MCA. 
Uerpairojkit et al.66 found that the PI of the superior 
cerebellar artery is lower than normal in IUGR fetuses, 
whereas it is in the normal range in SGA fetuses.

Fetal Venous System

Most studies on fetal venous blood flow have been per-
formed on the blood flow from the placenta, which 

returns to the heart through the umbilical vein. Normal 
flow in the free-floating umbilical vein is monophasic 
(see Fig. 43-3). Fetuses with pulsation in the umbilical 
vein in the second and third trimesters have a higher 
morbidity and mortality, even in the setting of normal 
UA blood flow. For the umbilical vein, we use a qualita-
tive assessment: continuous versus pulsatile blood 
flow67,68 (Fig. 43-19).

Flow from the umbilical vein enters the fetal abdomen 
and at the portal sinus enters the ductus venosus (Fig. 
43-20) and inferior vena cava. Approximately 50% of 
the blood flow from the umbilical vein goes to the liver 
and 50% to the DV.69,70 The umbilical vein has a con-
tinuous flow that becomes pulsatile at the portal sinus71,72 
(Fig. 43-21). The IVC, before its entrance into the right 
atrium, has a triphasic pulsatile pattern.73,74 The first 
forward wave begins to increase with atrial relaxation, 
reaches a peak during ventricular systole, and then falls 
to a nadir at the end of ventricular systole. The second 
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FIGURE 43-17. Renal artery. A, Coronal section of the fetal descending aorta (DAO); RA, renal artery at origin from aorta; CI, 
common iliac artery. B, Diagram shows where the waveforms in C were obtained. C, Waveforms of the renal artery obtained at different 
levels. (From Mari G, Detti L. Doppler ultrasound: application to fetal medicine. In Fleischer AC, Manning FA, Jeanty P, Romero R, editors. 
Sonography in obstetrics and gynecology: principles and practice. New York, 2001, McGraw-Hill, pp 247-283.)
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forward wave occurs during early diastole, and the third 
wave, characterized by reversed flow, is present in late 
diastole with atrial contraction. In healthy fetuses, a sig-
nificant decrease of the reversed flow during atrial con-
traction is present with advancing gestation.74 These 
changes are related to improved ventricular compliance 
and to the reduction of right ventricular afterload caused 
by the fall in placental resistance as gestation advances. 
In IUGR fetuses the IVC is characterized by an increase 
in reversed flow during atrial contraction.74 This increase 
is attributed to abnormal ventricular filling characteris-
tics, an abnormal ventricular chamber, or wall compli-
ance (Fig. 43-22).

The ductus venosus transports oxygenated blood from 
the umbilical vein to the left atrium and ventricle, then 
to the myocardium and brain. The DV waveform has a 
biphasic pattern characterized by two peaks: the “S”, or 
peak systolic velocity (PSV), which corresponds to the 
highest velocity of the blood in systole and is followed 
by a period of decreased velocity called isovolumetric 
relaxation (IRV); and the “D”, which corresponds to the 
rapid filling of the ventricles that is followed by a nadir, 
the “A wave,” which corresponds to atrial contraction.75 
Hemodynamically, these phases reflect the rapid chrono-
logic change in pressure gradients between the umbilical 
vein and the right atrium. In AGA fetuses, there is 
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forward flow at the DV, and the PI for veins ([S − D]/A) 
decreases with advancing gestation. In the first trimester, 
reversed blood flow may be caused by the immaturity of 
the sphincter of the DV, which also may explain the 
umbilical vein pulsatile pattern seen in the first trimes-
ter.76 A common error is sampling the left hepatic vein 
rather than the DV. The left hepatic vein waveform is 
similar to that of the IVC and has reversed flow in AGA 
fetuses.

In growth-restricted fetuses, the PI increases in the 
DV, and in the most severe cases, there is A wave of 
reversed flow. The presence of DV reversed flow can be 
explained in light of the transitional phase recently 
described by Picconi et al.77 Based on this study, when 
the DV is longitudinally assessed in IUGR fetuses, the 
progression follows three steps: (1) normal waveforms, 
(2) a period with normal and abnormal waveforms, and 
(3) persistent abnormal waveforms. Picconi et al.78 also 
recently developed the S-wave/isovolumetric A-wave 
(SIA) index for the analysis of the DV waveforms (Fig. 
43-23), which allows a much more accurate prediction 
of fetal outcome compared to A-wave reversed flow 
alone78 (Fig. 43-24).

Fetal Cardiac System

Atrioventricular Valves. Atrioventricular (A-V) valve 
(mitral and tricuspid) velocities may be obtained from a 
four-chamber view by placing the sample volume just 
distal to the valve leaflets. Two peaks usually are present 
in the A-V valve signal; the first peak reflects passive 
ventricular filling in early diastole (E), and the second 
peak reflects the atrial contraction in late diastole (A). 
Early in gestation, A is much higher than E79,80 (see 
Fig. 37-25), indicating that the atrial contraction is 

FIGURE 43-18. Femoral artery. A, Forward diastolic flow 
in femoral artery at 18 weeks’ gestation. Presence of a notch at B, 
24 weeks, and C, 30 weeks. D, Reversed flow at 39 weeks. (From 
Mari G. Arterial blood flow velocity waveforms of the pelvis and lower 
extremities in normal and growth-retarded fetuses. Am J Obstet 
Gynecol 1991;165:143-151.)
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FIGURE 43-19. Abnormal umbilical vein waveforms. A, Single pulsation. B, Double pulsation. Waveforms obtained close 
to the origin of the ductus venosus 48 hours before fetal demise. C, Double pulsation; same case as B. Waveforms obtained between the 
origin of the ductus venosus and the umbilicus. D, Reversed flow. Fetus died within 24 hours of this finding. (From Mari G, Hanif F, 
Kruger M. Sequence of cardiovascular changes in IUGR in pregnancies with and without preeclampsia. Prenat Diagn 2008;28:377-383.)
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important in the fetus. With advancing gestation, early 
diastole E increases and reaches late diastole A, suggest-
ing that the atrial systole becomes less important with 
maturation of the ventricular myocardium.79,81-84 At 
birth and after birth, E becomes higher than A, suggest-
ing a less important role for atrial contraction. The index 
used most to quantify these waveforms is the early-
diastole-to-late-diastole (E/A) ratio. When the A-V 

FIGURE 43-20. Ductus venosus. A, Sagittal section of fetal torso. The ductus venosus (DV) is brighter than the other vascular 
areas because of the high blood velocity at this point. When the DV is not clearly visualized, this brighter appearance helps to distinguish 
the DV from the surrounding vessels. UV, Umbilical vein; IVC, inferior vena cava; LHV, left hepatic vein. B, Normal DV waveforms: S, 
peak systolic velocity; D, first phase of diastole corresponding to the passive rapid filling of the ventricles; IRV, isovolumetric relaxation; 
a, second phase of diastole with atrial contraction. C, DV waveforms obtained at 24 weeks’ gestation. Note that there is reversal of flow. 
(From Mari G. Doppler ultrasonography in obstetrics: from the diagnosis of fetal anemia to the treatment of intrauterine growth-restricted fetuses. 
Am J Obstet Gynecol 2009;200:613 e1-e9.)
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FIGURE 43-21. Normal portal sinus with pulsatile 
flow. (From Mari G, Detti L. Doppler ultrasound: application to 
fetal medicine. In Fleischer AC, Manning FA, Jeanty P, Romero R, 
editors. Sonography in obstetrics and gynecology: principles and 
practice. New York, 2001, McGraw-Hill, pp 247-283.)
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FIGURE 43-22. Abnormal inferior vena cava wave-
form. These values were obtained 48 hours before intrauterine 
fetal demise. Note the double-reversed flow. (From Mari G, Hanif 
F, Kruger M. Sequence of cardiovascular changes in IUGR in preg-
nancies with and without preeclampsia. Prenat Diagn 2008;28: 
377-383.)
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FIGURE 43-23. Measuring the S-wave/isovolumet-
ric relaxation + A-wave (SIA) index. Top, Sagittal 
section of the fetal body shows the venous vestibulum at the 
confluence of the inferior vena cava, ductus venosus, and right 
suprahepatic vein. The sample volume is placed in the DV. 
Bottom, DV waveform. SIA index = PSV/(EDV − IRV). (From 
Picconi JL, Kruger M, Mari G. Ductus venosus S-wave/isovolumetric 
A-wave (SIA) index and A-wave reversed flow in severely premature 
growth-restricted fetuses. J Ultrasound Med 2008;27:1283-1289.)
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not change, whereas the peak velocity of the early dia-
stolic E wave increases.

In growth-restricted fetuses, the E/A ratio is higher 
than that of normal fetuses controlled for gestational age. 
These changes are attributed to changes in preload 
without impairment in fetal myocardial diastolic func-
tion. In the most severe cases, there is tricuspid and 
mitral regurgitation85 (Fig. 43-25).
Aortic and Pulmonary Valves. Aortic valve (AoV) and 
pulmonary valve (PuV) velocities are studied at the levels 
of their respective outflow tracts. The peak velocity of 
both valves increases with advancing gestation.86 In 
IUGR fetuses the AoV and PuV decrease, which may be 
secondary to increased placental resistance.
Measurement of Fetal Cardiac Output. Many inves-
tigators have attempted volumetric studies at the level  
of the fetal heart,86-91 based on the formula Q = TVI × 
HR × A, where Q is the absolute flow per minute, TVI 
is the time velocity integral, HR is fetal heart rate, and 
A is the area of the valve.

The velocity of blood passing through a valve is not 
constant, but rather changes with the cardiac cycle; 
therefore the TVI, integral to the velocity waveforms 
over the entire cardiac cycle, is considered to be a measure 
of the length of the column of blood. The main problem 
in the calculation of absolute flow per minute (Q) is the 
measurement of the valve area. We can assume that the 
blood flow at the level of the valvular area is close to 
laminar, and that the Doppler spectrum reflects all veloc-
ities inside the valve. Newer spectral analyzers in many 
ultrasound machines can provide true intensity-weighted 
mean flow measurements that take spectral broadening 
into account. In addition, we can obtain Doppler ultra-
sound waveforms with an angle close to 0 degrees (<20 

valve velocity waveforms are studied at a low incident 
angle, the blood velocity obtained is close to the true 
velocity. The increase of the E/A ratio with advancing 
gestation is a sign of progressive improvement in myo-
cardial compliance. Importantly, with advancing gesta-
tion, the peak velocity of the late diastolic A wave does 

FIGURE 43-24. Ductus venosus waveforms in IUGR. 
At 16 days (top), 4 days (middle), and 24 hours (bottom) before 
intrauterine death at 23 weeks’ gestation. The patient declined 
intervention because of a fetal weight less than 500 grams and a 
gestational age of 23 weeks. Note the reversed flow in the A wave 
that becomes more pronounced closer to the time of fetal demise. 
(From Picconi JL, Kruger M, Mari G. Ductus venosus S-wave/iso-
volumetric A-wave (SIA) index and A-wave reversed flow in severely 
premature growth-restricted fetuses. J Ultrasound Med 2008;27: 
1283-1239.)

FIGURE 43-25. Tricuspid regurgitation. Tricuspid 
valve (TV) antegrade flow (above baseline) and tricuspid regurgita-
tion (TR; below baseline); RA, right atrium; LA, left atrium; E, E 
wave; A, A wave. (From Mari G, Hanif F, Kruger M. Sequence of 
cardiovascular changes in IUGR in pregnancies with and without 
preeclampsia. Prenat Diagn 2008;28:377-383.)
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fetuses are considered viable. Stage II patients are admit-
ted for observation, whereas stage III patients are at high 
risk for fetal demise.

The major advantage for selecting the parameters 
included in this staging system is the ability to track 
clearly the progression of abnormal parameters that start 
at the UA and MCA and later progressively extend to 
the other parameters, up to fetal demise if the fetus 
remains undelivered.16,85 Another advantage is the sim-
plicity of the system. Only four fetal vessels and one 
cardiac valve need to be investigated with Doppler ultra-
sound. Furthermore, it is not necessary to determine the 
parameters reported in a certain stage if the parameters 
of the previous stage are normal. For example, if the UA 
PI and the MCA PI are normal, determining these 
parameters for the next stage is unnecessary.

Stage III fetuses have a lower birth weight than both 
stage II and stage I fetuses at similar gestational ages. 
Moreover, stage II and III IUGR fetuses are delivered 
earlier than fetuses of stage I. In a study from our labora-
tory, no deaths occurred in stage I fetuses.23 At the other 
extreme, the mortality for stage III fetuses was high (50% 
if there was DV reversed flow; 85% when DV reversed 
flow was present with one of the other parameters that 
characterize stage III), whereas the mortality in stage II 
IUGR fetuses was intermediate between the other two 
stages. Fetuses could survive for days or weeks when DV 
reversed flow was present.

DOPPLER ULTRASOUND STAGING 
GUIDELINES FOR INTRAUTERINE 
GROWTH RESTRICTION (IUGR)

STAGE I
Abnormal umbilical artery pulsatility index (UA PI)
Abnormal middle cerebral artery pulsatility index 

(MCA PI)

STAGE II
Umbilical artery absent/reversed flow (UA ARF)
Elevated middle cerebral artery peak systolic 

velocity (MCA PSV)
Abnormal ductus venosus pulsatility index (DV PI)*
Umbilical vein pulsation

STAGE III
Ductus venosus reversed flow
Umbilical vein reversed flow
Tricuspid valve (TV) E/A ratio >1)

Tricuspid Valve Regurgitation (TR)

Modified from Mari G, Hanif F, Drennan K, Kruger M. 
Staging of intrauterine growth-restricted fetuses. J 
Ultrasound Med 2007;26:1469-1477.

*Absent ductus venosus is included in stage II.
E/A, Early diastole/late diastole (velocities).

degrees) between the ultrasound beam and the blood 
flow. However, small errors in the calculation of the area 
( 1

2 D2) may substantially affect the measurement. For 
example, a 0.5-mm error in the measurement of a 4-mm 
valve will produce a 25% variation in the flow 
calculation.

Animal studies have demonstrated that the calculation 
of the blood flow may be reliable.92 The study of the 
human fetus, however, is different from the “ideal” situ-
ation of animal research. An alternative approach may be 
used to measure the cardiac output indirectly if the valve 
diameter (D) remains constant. For example, if measure-
ments are taken in a short interval, valvular area does not 
change, and an intervention that changes flow will be 
detected from changes in the TVI, HR, or both. For 
example, the product of the TVI and HR was measured 
at the AoV and PuV before and after two doses of nife-
dipine. No difference was noted in the two sets of mea-
surements. Although the true value of the cardiac output 
could not be evaluated because the valve diameter was 
not measured, these results suggest that there were no 
changes in cardiac output after nifedipine. Subsequently, 
the effect of fetal transfusion on cardiac output was deter-
mined by using the same formula.93,94 More recently, 
Gonzalez et al.95 used the same formula to assess the 
effect of nitroglycerine on the fetal cardiac output.

In fetuses with IUGR, blood flow is presumably redis-
tributed from the right to the left ventricle, with increased 
blood flow to the brain. Under these conditions, Doppler 
ultrasound reportedly may show this redistribution by 
calculating the amount of blood flow through the two 
ventricles.

Management: Staging  
and Classification

Growth-restricted fetuses have been categorized into 
three stages of severity using nonstress testing and UA 
Doppler ultrasound velocimetry. Pardi et al.24 showed 
that if the nonstress test (NST) and UA Doppler studies 
were normal (group I fetuses), there was no fetal acidosis 
or hypoxemia. In contrast, group II fetuses, with a 
normal NST but an abnormal UA Doppler study (PI >2 
SD below mean), showed a 5% rate of hypoxia/acide-
mia. Group III fetuses, with abnormal NST and UA 
Doppler studies, showed a 60% rate of hypoxia/acide-
mia. Although this study is informative, greater clinical 
utility may be achieved through fetal Doppler ultra-
sound in additional vessels.

We recently proposed staging guidelines for IUGR 
fetuses based on fetal biometry, Doppler ultrasound car-
diovascular changes, amniotic fluid, and clinical param-
eters.23 The Doppler waveforms used for staging are 
shown in Figs. 43-26, 43-27, and 43-28. Stage I IUGR 
fetuses are considered mild IUGR, and such patients are 
usually managed as outpatients, whereas stage II and III 
patients need to be admitted to the hospital when the 



FIGURE 43-27. Stage II IUGR: abnormal waveforms. A, Elevated middle cerebral artery (MCA) peak systolic velocity (PSV; 
arrows) at 27 weeks is abnormal (76 cm/sec). B, Umbilical artery absent diastolic flow. C, Umbilical artery reversed flow. D, Abnormal 
ductus venosus Doppler sonogram with low “a” wave. Arrows point to “a” wave recorded at atrial contraction; when “a” wave is low, 
pulsatility index (PI) is abnormal. (From Mari G, Hanif F, Drennan K, Kruger M. Staging of intrauterine growth-restricted fetuses. J Ultra-
sound Med 2007;26:1469-1477.)
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FIGURE 43-28. Stage III IUGR: abnormal waveforms. The presence of one of these findings characterizes stage III intrauterine 
growth restriction: A, Ductus venosus reversed flow. B, Umbilical vein reversed flow. C, Abnormal tricuspid valve waveform (E/A <1). 
(From Mari G, Hanif F, Drennan K, Kruger M. Staging of intrauterine growth-restricted fetuses. J Ultrasound Med 2007;26:1469-1477.)
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FIGURE 43-26. Stage I IUGR: abnormal waveforms. A, Abnormal umbilical artery (UA) Doppler sonogram. Arrows, Low 
diastole, indicating a high placental resistance. B, Abnormal middle cerebral artery (MCA) Doppler sonogram at 27 weeks. Vertical arrows, 
Diastole (increased, indicating “brain-sparing effect”); horizontal arrows, peak systolic velocity (PSV, appears normal). An abnormal pul-
satility index (PI) of either the UA or MCA characterizes stage I. (From Mari G, Hanif F, Drennan K, Kruger M. Staging of intrauterine 
growth-restricted fetuses. J Ultrasound Med 2007;26:1469-1477.)
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the diagnosis of fetal anemia. In 1993, they reported that 
in anemic fetuses the MCA PSV had a sensitivity of 
100% and a false-positive rate of approximately 50% in 
detecting anemia secondary to red cell alloimmuniza-
tion,102 which they confirmed in 1995 with a prospective 
study.103 After applying the MCA PSV in practice and 
looking at the correlation between it and fetal hemoglo-
bin (Hb), Mari et al.104 noticed that MCA PSV does not 
diagnose all cases of fetal anemia, because in mildly 
anemic cases, the velocity does not necessarily change. 
However, the correlation between Hb and MCA PSV 
values becomes more accurate as the severity of anemia 
increases.104 Additionally, when anemia becomes very 
severe (Hb 1-3 g/dL), the velocity does not increase 
further.

A multicenter study determined that 70% of invasive 
procedures (e.g., amniocentesis and cordocentesis) used 
to assess a fetus at risk for anemia because of maternal 
red cell alloimmunization are unnecessary because the 
fetuses were either nonanemic or only slightly anemic.6 
Using MCA PSV as the criterion for intervention would 
have avoided those procedures.17 Normal Hb values are 
0.84 multiples of the median (MoM) or greater for ges-
tational age. Fetal anemia is divided into mild (Hb 
<0.84 MoM), moderate (Hb <0.65 MoM), and severe 
(Hb <0.55 MoM) (Table 43-2).

In 1997, it was reported that the trend of the MCA-PSV 
was at least as effective as ΔOD450 to predict fetal anemia.99 
However, MCA PSV assessment was less expensive  
and less invasive than amniocentesis. In 2003, Pereira 
et al.105 confirmed the accuracy of the MCA-PSV in a 

Based on the information obtained from our staging 
system, we have proposed the following steps to classify 
IUGR fetuses:
1. In the presence of a fetus with an estimated weight 

below the 10th percentile, determine the stage 
using Doppler ultrasound examinations and 
amount of amniotic fluid.

2. Maternal or fetal pathology/anomalies should be 
identified, if any.

3. The gestational age should be reported.

RED CELL ALLOIMMUNIZATION

Maternal Rh alloimmunization occurs when a pregnant 
woman develops an immunologic response to a pater-
nally derived red blood cell antigen (D) foreign to the 
mother and inherited by the fetus. The antibodies cross 
the placenta, bind to antigens present on the fetal eryth-
rocytes, and cause hemolysis. Hemolysis of the erythro-
cytes causes anemia in the fetus and, if severe, can result 
in edema, hydrops, and fetal death. Hemolytic disease 
of the fetus/neonate can also be caused by other antigens 
of the Rh blood group system and by the “irregular 
antigens” of the non-Rhesus blood group system; there-
fore the term “red cell alloimmunization” is more often 
used. Red cell alloimmunization remains the most 
common cause of fetal anemia. In the United States, 
more than 30,000 fetuses are at risk for anemia each year 
because of red cell alloimmunization from Rh, Kell, 
Kidd, Duffy, or other antigens. In 1956, amniocentesis 
was performed in a pregnancy at risk for anemia to assess 
the fetal bilirubin through a spectrophotometric analysis 
of amniotic fluid, which changes optical density at 
450 nm (ΔOD450) in fetuses shown to have hemolytic 
disease. These changes can predict the severity of hemo-
lytic disease. From 1963 on, investigators have used dif-
ferent techniques for fetal blood transfusion, from 
intrauterine transfusion and intravascular transfusion to 
umbilical blood sampling under fetoscopy guidance, to 
the current method of fetal blood sampling under ultra-
sound guidance.

PREDICTION OF  
FETAL HEMATOCRIT

Starting in 1987, the effects of intravascular transfu-
sion (IVT) on the circulation of the anemic fetus were 
evaluated by looking at the PI of eight fetal vessels that 
were studied before, within 2 hours, and the day after 
IVT.96-98 A significant decrease in the PI of all the vessels 
was noted soon after transfusion, with a return to base-
line the day after IVT. In all the fetal anemia cases, the 
MCA waveforms after transfusion had a lower PSV value 
than before transfusion.99,100 In 1990, Mari et al.101 sug-
gested that MCA-PSV was a better parameter than PI in 

TABLE 43-2. REFERENCE RANGES FOR 
FETAL HEMOGLOBIN CONCENTRATION 

IN NORMAL AND ANEMIC FETUSES*

GA†

Multiples of the Median

1.16 1.00 (median) 0.84 0.65 0.55

18 12.3 10.6 8.9 6.9 5.8
20 12.9 11.1 9.3 7.2 6.1
22 13.4 11.6 9.7 7.5 6.4
24 13.9 12.0 10.1 7.8 6.6
26 14.3 12.3 10.3 8.0 6.8
28 14.6 12.6 10.6 8.2 6.9
30 14.8 12.8 10.8 8.3 7.1
32 15.2 13.1 10.9 8.5 7.2
34 15.4 13.3 11.2 8.6 7.3
36 15.6 13.5 11.3 8.7 7.4
38 15.8 13.6 11.4 8.9 7.5
40 16.0 13.8 11.6 9.0 7.6

*In grams per deciliter (g/dL). The hemoglobin values at 0.65 and 0.55 
multiples of the median (MoM) are the cutoff points for mild anemia and 
moderate anemia, respectively. The values at 1.16 and 0.84 MoM correspond to 
the 95th and 5th percentiles, respectively (normal range).

†Gestational age (week of gestation).

From Mari G, Deter RL, Carpenter RL, et al. Noninvasive diagnosis by Doppler 
ultrasonography of fetal anemia due to maternal red-cell alloimmunization. 
Collaborative Group for Doppler Assessment of the Blood Velocity in Anemic 
Fetuses. N Engl J Med 2000;342:9-14. Courtesy Massachusetts Medical Society.
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exams is to the right side of the dotted line, we perform 
the next examination in 4 weeks. However, if the values 
are between the dotted line (nonanemic fetuses) and  
one of the continuous lines (mildly or severely anemic 
fetuses), the next examination is performed in 2 weeks. 
Finally, if the regression line is to the left of one of the 
continuous lines (mildly or severely anemic fetuses), and 
the MCA PSV is below 1.50 MoM, we perform an 
examination every 2 to 3 days. After 34 weeks, if we use 
the 1.50 MoM as the cutoff point, we find that the 
number of false-positive cases increases; therefore we 
look at serial MCA values rather than a single value. We 
deliver our patients at risk for fetal anemia at 38 to 39 
weeks’ gestation.

The MCA PSV can be used to diagnose fetal anemia 
from causes other than red cell alloimmunization. Cosmi 
et al.107 and Delle Chiaie et al.108 reported that this 
parameter is useful in cases of fetal anemia secondary to 
parvovirus infection. Senat et al.109 reported that the 
MCA PSV helps to diagnose anemia secondary to twin-
twin transfusion syndrome (TTTS; see later discus-
sion), and others report that it diagnoses anemia 
secondary to fetomaternal hemorrhage110,111 and fetal 
hydrops.112,113 In cases with parvovirus infection, we 
perform an ultrasound every week for 10 weeks after the 
exposure. We look for signs of anemia and evaluate the 
MCA PSV. If the value of the velocity becomes higher 
than 1.5 MoM, ultrasound is repeated twice a week, 
looking for tricuspid regurgitation and ascites. Often, we 
do not intervene in cases of parvovirus infection based 
solely on the MCA PSV because the fetus would not 
necessarily become hydropic and the anemia might 
resolve spontaneously without intervention.

Fetomaternal hemorrhage usually occurs in the third 
trimester. When it is diagnosed, we perform a cesarean 

retrospective study. A multicenter prospective study later 
determined that the MCA PSV is actually more reliable 
than the ΔOD450 in the diagnosis of fetal anemia,7 which 
has led ACOG to report that the MCA PSV is an excel-
lent tool for the diagnosis of fetal anemia in the hands of 
trained personnel.5 Retrospective studies suggest that the 
MCA PSV can be used for timing subsequent transfu-
sions, but a randomized trial is needed to confirm this.

The technique for obtaining MCA Doppler ultra-
sound is described earlier in regard to IUGR. In the 
context of screening for anemia, it is crucial that use of 
MCA Doppler ultrasound be for anemia, before a high 
PSV is interpreted as being indication of a low hemato-
crit. Indiscriminate use of the MCA PSV without a clear 
indication may cause more harm than good. It is neither 
wise nor good medical care to screen every patient with 
the MCA PSV and assume that the fetus is anemic if  
the value is elevated. This may create unnecessary  
anxiety and iatrogenic investigation. For example, if 
fetal-maternal hemorrhage is suspected because of absent 
fetal movements and a sinusoidal HR tracing, an ele-
vated MCA PSV may strengthen the suspicion. On the 
other hand, an elevated MCA PSV, in the presence of a 
reassuring HR tracing and no risk for anemia, does not 
indicate pathology; rather, it may represent a false- 
positive case. Therefore, no intervention is indicated 
when an elevated MCA PSV value is found in the 
absence of risk for fetal anemia.

The blood velocity is increased in any vessel of the 
severely anemic fetus, as suggested by van Dongen 
et al.106 Again, the advantage of studying the MCA is 
that it is easy to obtain an angle of 0 degrees between 
the ultrasound beam and the direction of blood flow. 
Tricuspid regurgitation precedes the development of 
ascites and hydrops, and the use of this parameter can 
help in decreasing false-negative cases.

The lowest intraobserver and interobserver variability 
is obtained when the MCA proximal to the transducer 
is sampled soon after its origin from the ICA without 
the use of an angle corrector and by using a 1 to 2–mm 
sample volume.17 A PSV greater than 1.50 MoM in 
fetuses at risk for anemia has a sensitivity for detecting 
anemia of 100% (confidence interval, 86%-100%) in 
red cell alloimmunization cases, as well as in other cases 
of anemia.6,8,107 The false-positive rate is 12%, but this 
percentage may decrease when serial MCA values are 
obtained.19

In fetuses at risk for anemia because of red cell alloim-
munization, we use the regression lines reported in 
Figure 43-29. We initially perform three examinations, 
1 week apart, then obtain the regression line of the three 
points. If the curve is to the right side of the dotted line 
(nonanemic fetuses), we perform the next MCA Doppler 
ultrasound in 2 to 4 weeks. For example, if a patient with 
an anti-D titer of 1:256 is seen at 17 weeks’ gestation 
and her previous pregnancies have not been complicated 
by fetal anemia, and if the regression line of her first three 

FIGURE 43-29. Fetal anemia. Middle cerebral artery peak 
systolic velocity (MCA PSV) regression lines for the diagnosis of 
fetal anemia. Average regression line for nonanemic fetuses (dotted 
line, y = −17.28 + 1.99x); mildly anemic fetuses (thin line, y = 
−53.54 + 4.17x), and severely anemic fetuses (thick line, y = 
−76.82 + 5.26x). (From Detti L, Mari G, Akiyama M, et al. Lon-
gitudinal assessment of the middle cerebral artery peak systolic velocity 
in healthy fetuses and in fetuses at risk for anemia. Am J Obstet 
Gynecol 2002;187:937-939.)
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changes in response to an unequal sharing of intravascu-
lar volume between twins, resulting from anastomosis of 
intertwined placental blood vessels, complicates 10% to 
15% of MC pregnancies and often results in fetal/neo-
natal mortality. Fetuses who survive are at risk for severe 
cardiac, neurologic, and developmental disorders. Several 
fetal vessels have been studied in pregnancies compli-
cated by TTTS.119 Doppler ultrasound measurement of 
the UA in either twin is an excellent prognostic param-
eter to assess patients with TTTS. TTTS patients with 
absent end diastolic flow have a worse prognosis than 
patients with forward end diastolic flow. Staging of 
TTTS is discussed in Chapter 32. Doppler ultrasound 
measurements are used to assess for stage III; abnormal 
results include absent of reversed end diastolic flow in 
the UA or revised flow in the DV or pulsatile flow in the 
umbilical vein120 (Fig. 43-30).

Interventions for TTTS include expectant manage-
ment, amnioreduction, septostomy, selective feticide, 
and fetoscopic laser ablation of vascular anastomoses. 
When the twins undergo amnioreduction or laser 
therapy,121,122 the MCA PSV allows the diagnosis of fetal 
anemia and indicates the need for transfusions in the 
recipient after laser therapy.109 The preliminary data of 
Senat et al.109 appear promising for MCA PSV in the 
management of MC twins after the death of the co-twin. 
If pregnancy is evaluated within 2 to 3 days of fetal 
death, signs of fetal anemia may be evident, with elevated 
MCA PSV. Documentation of normal MCA Doppler 
ultrasound and normal fetal activity within days of an 
MC co-twin death is reassuring. Recently, Robyr et al.123 
reported that in TTTS, fetofetal hemorrhage from  
recipient to donor occurs in 10% of cases with double 
survivors as a result of incomplete laser coagulation of 
anastomoses. Therefore, this parameter should be used 
as a follow-up for cases of TTTS after laser therapy.

INDOMETHACIN AND  
DUCTUS ARTERIOSUS

Indomethacin, a prostaglandin synthetase inhibitor, has 
been used in the management of preterm labor and 
polyhydramnios. Additional use of indomethacin has 
been limited, mainly because of concerns about its con-
strictive effect on the fetal ductus arteriosus. In utero 
closure of the ductus arteriosus causes increased pulmo-
nary blood flow and can result in neonatal pulmonary 
hypertension, shunting of blood through the foramen 
ovale, and ultimately, persistent fetal circulation after 
birth.

Indomethacin causes constriction of the fetal ductus 
arteriosus and tricuspid insufficiency.44,124 This effect is 
readily reversible and can be monitored using ultrasound 
(Fig. 43-31). In our experience, 50% of the fetuses 
exposed to indomethacin show no effect on the ductus 
arteriosus, although these fetuses still have increased  

delivery. The MCA PSV is elevated in cases of feto-
maternal hemorrhage, but we use other signs that might 
suggest hemorrhage (e.g., absence of fetal movements, 
sinusoidal pattern in HR tracing) before assessing the 
MCA PSV. In nonimmune hydrops, if the MCA PSV 
is below the cutoff point of 1.5 MoM, we do not perform 
cordocentesis.

MULTIPLE GESTATIONS

The S/D ratio of the umbilical artery in twin pregnancies 
where both twins are AGA are similar to singleton preg-
nancy results in the third trimester. Gaziano et al.114 
reported that twins with abnormal UA waveforms tended 
to be born 3 to 4 weeks earlier and exhibited more still-
births and structural malformations and greater morbid-
ity than fetuses without abnormal Doppler results. Use 
of UA Doppler ultrasound in the clinical management 
of twins leads to a decrease in perinatal mortality and a 
reduction in the number of infants requiring admission 
to the neonatal intensive care unit.115

Umbilical Artery Doppler 
Ultrasound in Discordant Twins

Discordant growth in twin gestations can result from 
placental crowding, TTTS, a poor placental implanta-
tion site, placental insufficiency, or chromosomal anom-
alies. Thus, discordant growth is associated with a 
substantial increase in perinatal morbidity and mortal-
ity. The diagnosis of discordant twins is made primarily 
with ultrasound. Comparing intertwin differences in 
sonographically derived fetal weight, biparietal diameter, 
abdominal circumference, femur length, and UA S/D 
ratio, Divon et al.116 reported that the best predictor for 
the diagnosis of discordant twins was either a difference 
in S/D ratio greater than 15% or a different estimated 
fetal weight greater than 15%. They correctly identified 
14 of the 18 discordant twins. Degani et al.117 reported 
that changes in the Doppler of the ICA and UA  
preceded sonographic diagnosis of SGA fetuses by a 
mean interval of 3.7 weeks and demonstrated better 
sensitivity and specificity. Hecher et al.118 reported that 
abnormal UA velocimetry can be observed in small 
twins more often when they are monochorionic rather 
than dichorionic.

We assess the fetal growth in twin gestations every 4 
weeks. We also assess the UA in twin gestations because 
in cases of an abnormal UA Doppler ultrasound, we 
intensify fetal surveillance.

Doppler Ultrasound in Twin-Twin 
Transfusion Syndrome

One of the most serious complications of monochori-
onic (MC) multiple gestations is TTTS. Cardiovascular 
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FIGURE 43-31. Ductus arteriosus and indomethacin. A, Image of fetus shows right ventricular outflow tract, ductus arterio-
sus, and descending aorta. B, Ductus arteriosus waveforms of the fetus before (top) and after (bottom) administration of indomethacin. (B 
from Mari G, Detti L. Doppler ultrasound: application to fetal medicine. In Fleischer AC, Manning FA, Jeanty P, Romero R, editors. Sonography 
in obstetrics and gynecology: principles and practice. New York, 2001, McGraw-Hill, pp 247-283.)
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FIGURE 43-30. Twin-twin transfusion syn-
drome (TTTS). Doppler findings in recipient fetuses with 
stage III or IV TTTS. A, Absent or reversed end diastolic 
velocity in the umbilical artery. B, Absent or reversed A 
waves in the ductus venosus. C, Profound intrahepatic 
umbilical vein pulsations transmitted into the free portion of 
the umbilical vein (lower panel).
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used in the United States to assess fetal well-being in 
women with high-risk factors for stillbirth. The BPP was 
developed by Manning et al.126 in 1980 and incorporates 
fetal tone, movements, breathing, amniotic fluid, and an 
NST. A normal BPP is associated with decreased fetal 
deaths within 1 week.127

The fetal BPP is noninvasive and easily applied, can 
be objectively evaluated, uses universally available equip-
ment, and is highly accurate for predicting the presence 
of significant fetal hypoxemia or acidemia, which is the 
most common cause of fetal death or morbidity.128 A 
compromised fetus typically exhibits loss of HR accelera-
tions, decreased body movement and breathing, hypoto-
nia, and less acutely, decreased amniotic fluid volume. 
Sonographic detection of signs of fetal compromise can 
allow appropriate intervention that ideally will prevent 
adverse fetal sequelae.

The BPP consists of an NST combined with four 
variables evaluated by real-time ultrasonography.129 Thus 
the BPP comprises five components. Each of the five 
components is assigned a score of either 2 (normal or 
present) or 0 (abnormal, absent, or insufficient). For 
example, monotonous picket-fence breathing or gasping 
should not be considered normal breathing movements, 
and seizures should not be counted as normal fetal limb 
movements.130-132 A variable may be assigned a normal 
score as soon as it is observed. Because most fetuses are 
normal and will demonstrate these biophysical activities, 
the usual time to complete a normal fetal BPP is less than 
5 minutes.133 The acute variables are subject to fetal 
sleep-wake cycles, so continuous observation for at least 
30 minutes must occur before the variable can be defined 
as “absent” (abnormal).

pulmonary arterial vascular impedence.125 We propose 
the following classification to define ductal constriction:
• Mild constriction (20% of patients treated with 

indomethacin). The peak systolic velocity of the ductus 
arteriosus is increased with respect to the baseline value. 
The end diastolic velocity remains constant.

• Moderate constriction (20% of patients treated with 
indomethacin). The PSV and EDV of the ductus 
arteriosus increase above baseline values. There is 
absence of tricuspid insufficiency.

• Severe constriction (10% of patients treated 
with indomethacin). In our experience, after 
indomethacin therapy, there is at first an increase  
of the ductus arteriosus PSV, which is followed by 
an increase of the EDV. Of note, when the EDV  
is greater than 100 to 120 cm/sec, tricuspid 
insufficiency is often present.
In our experience with more than 100 fetuses treated 

with indomethacin, discontinuation of the drug is fol-
lowed by a return to normal of the Doppler ultrasound 
ductal parameters within the next 36 hours. Only 50%  
of the fetuses developing ductal constriction may be 
explained by different sensitivities to indomethacin. In 
addition, gestational age plays an important role; for 
example, we have never seen severe ductal constriction 
before 22 weeks’ gestation. The interaction between 
ductal constriction and the other neonatal complica -
tions of fetal indomethacin exposure requires further 
investigation.

DOPPLER ULTRASOUND IN FETAL 
MORPHOLOGIC ABNORMALITIES

Color, pulsed, and power Doppler ultrasound can be 
used to refine the diagnosis of a variety of fetal structural 
abnormalities. For example, in the fetal brain, Doppler 
ultrasound is used to assess vein of Galen malforma-
tions. In the fetal body, vascularity of tumors such as 
sacrococcygeal teratomas are assessed to evaluate for the 
vascularity of the lesion and presence of arteriovenous 
shunting. In the chest, if a sequestration is of potential 
concern, Doppler ultrasound is used to assess for feeding 
vessel from the aorta. When a congenital diaphrag-
matic hernia is visualized, Doppler ultrasound assess-
ment of the course of the hepatic vasculature is helpful 
in assessing for intrathoracic position of the liver. Color 
Doppler ultrasound is helpful in assessing for a two- or 
three-vessel umbilical cord. Assessment of the umbilical 
arteries adjacent to the bladder aids in identification of 
the bladder when this organ is difficult to visualize.

BIOPHYSICAL PROFILE SCORING

The biophysical profile (BPP) and fetal heart rate mon-
itoring nonstress test (NST) are the most common tests 

COMPONENTS OF BIOPHYSICAL 
PROFILE (BPP)

1. Nonstress test (NST). Fetal heart rate (HR) 
accelerations in response to fetal movements, 
which, if all four ultrasound components are 
normal, may be omitted without compromising 
the validity of the test results.128

2. Fetal breathing movements. One or more 
episodes of rhythmic fetal breathing movements 
of 30 seconds or more within 30 minutes  
(Video 43-1).

3. Fetal movement. Three or more discrete  
body or limb movements within 30 minutes 
(Video 43-2).

4. Fetal tone. One or more episodes of extension 
of a fetal extremity with return to flexion, or 
opening or closing of a hand (Video 43-3).

5. Determination of amniotic fluid volume. A single 
vertical pocket of amniotic fluid exceeding 2 cm 
is considered evidence of adequate amniotic 
fluid.134,147
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activity) requires fetal reevaluation, regardless of the 
time elapsed since the last test.

• Severe oligohydramnios (no vertical pocket >2 cm or 
AFI ≤5 cm) requires either delivery or close maternal 
and fetal surveillance.

• Normal antepartum testing does not preclude the 
need for intrapartum fetal monitoring.
Induction of labor may be attempted with abnormal 

antepartum testing as long as the fetal heart rate and 
contractions are monitored continuously and are reas-
suring. Cesarean delivery is indicated if there are repeti-
tive late decelerations. The minimum gestational age for 
testing should reflect the lower limit that intervention 
with delivery would be considered. The age has gradually 
decreased and is now 24 to 25 weeks in most centers. 
Although typically used for antepartum fetal assessment, 
BPP can also be performed in the intrapartum period; 
however, its clinical utility intrapartum is not clear.139,140

The BPP has maximum clinical efficacy when inter-
preted in the context of fetal age and maternal and 
obstetric factors. A normal score predicts no fetal com-
promise and allows for conservative management in a 
gravida with discrete high-risk factors, such as diabetes 
mellitus or hypertension. This affords the fetus the 
advantage of continued intrauterine maturation, reduc-
ing the risk of complications from prematurity. In con-
trast, an abnormal score in a similarly high-risk patient 
allows for weighing of relative fetal-neonatal risks and 
selection of delivery at a time when the balance shifts to 
greater fetal risk.

A change in maternal condition will also affect appli-
cation of the fetal BPP. The decision to intervene in a 
patient with deteriorating hypertension, for example, 
may depend less on the score and more on maternal risk. 
Similarly, the presence of a favorable cervix for induction 
may override the fetal BPP results in the mature or 
postdate fetus.

Modified Profile

The modified BPP combines the NST, as a short-term 
indicator of fetal acid-base status, with the AFI, which 
is the sum of measurements of the deepest cord-free 
amniotic fluid pocket in each of the abdominal quad-
rants, as an indicator of long-term placental function.141 
The modified BPP was developed to simplify the exami-
nation and reduce the time necessary to complete testing 
by focusing on those components of the profile that are 
most predictive of outcomes. The assessment of amniotic 
fluid volume and an NST appear to be as reliable a 
predictor of long-term fetal well-being as the full BPP.142

In the second- or third-trimester fetus, amniotic fluid 
reflects fetal urine production. Placental dysfunction 
may result in diminished fetal renal perfusion, leading 
to oligohydramnios.143 Amniotic fluid volume assess-
ment can therefore be used to evaluate long-term utero-
placental function. An AFI greater than 5 cm generally 

INTERPRETATION OF BPP SCORES

• 10/10 or 8/10 (normal fluid): risk of fetal 
asphyxia within 1 week if no intervention is 
1/1000.

• 8/10 (abnormal fluid): risk of fetal asphyxia 
within 1 week if no intervention is 89/1000.

• 6/10 (normal fluid): equivocal test, possible fetal 
asphyxia; repeat test within 24 hours or deliver.

• 6/10 (abnormal fluid): risk of fetal asphyxia 
within 1 week if no intervention is 89/1000.

• 0/10 to 4/10: risk of fetal asphyxia within 1 week 
if no intervention is 91-600/1000.

Evaluation of the amniotic fluid is based on an ultra-
sound-based objective measurement of the largest visible 
pocket(s) and is recorded as the vertical diameter relative 
to the transducer. The selected largest pocket must have 
a transverse diameter of at least 1 cm. This method does 
not measure the actual amniotic fluid; rather, it evaluates 
the distribution of amniotic fluid within the uterine 
cavity. A highly significant, inverse exponential relation-
ship exists between the largest pocket measurement and 
perinatal mortality and morbidity. For example, one 
study comparing the corrected perinatal mortality in 
association with normal versus decreased qualitative 
amniotic fluid volume found rates of 1.97 and 109.4 per 
1000, respectively.134 Alternatively, the amniotic fluid 
index (AFI) can be used to assess the adequacy of 
the amniotic fluid.135 The single deepest pocket tech-
nique is preferred to the AFI because of its higher speci-
ficity; use of the single deepest pocket decreases the 
likelihood of intervention for low amniotic fluid volume 
without adversely affecting outcomes.136 Both methods 
have low sensitivity for predicting or preventing adverse 
outcomes.

All the ultrasound-monitored variables for the BPP 
can be observed as early as the first trimester. However, 
characteristics of fetal behavior (breathing, tone, move-
ment, as well as other fetal activities) change with advanc-
ing gestational age.137,138 The ACOG recommends 
testing in the following situations126:
• Women with high-risk factors for significant fetal 

acidemia.
• Testing may be initiated as early as 26 weeks’ 

gestation when clinical conditions suggest early  
fetal compromise is likely. Initiating testing at 32  
to 34 weeks is appropriate for most pregnancies at 
increased risk for stillbirth.

• A reassuring test (e.g., BPP of 8-10/10) should be 
repeated periodically (weekly or twice weekly) until 
delivery when the high-risk condition persists.

• Any significant deterioration in the clinical status 
(e.g., worsening preeclampsia, decreased fetal 
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sequential changes found by Doppler ultrasound are 
seen in only a few patients, because most of these fetuses 
are often delivered for maternal indication before the full 
range of changes occur on Doppler ultrasound. In this 
group of fetuses, therefore, Doppler ultrasound plays a 
less important role in regard to the timing of the 
delivery.

Fetuses with early-diagnosed, severe IUGR should 
have daily BPPs and NSTs at intervals more frequent 
than 8 hours (i.e., every 6 hours); and when the manag-
ing physician has concerns about fetal status, the HR 
should be monitored continuously. It is not known 
whether a combined Doppler result and BPP represents 
a better test than the BPP alone. Doppler ultrasound as 
reported, however, may play an important role in timing 
the delivery of IUGR fetuses when no maternal or fetal 
abnormality is detected.

In summary, a BPP alone is not a reliable test in the 
treatment of preterm IUGR fetuses because of high false-
positive and false-negative results. The common notion 
that a good BPP provides reassurance, or at least 24 
hours’ notice of impending fetal decline, is not appli-
cable in severely preterm, growth-restricted fetuses who 
weigh less than 1000 g.

CONCLUSION

Doppler ultrasound plays an important role in assess-
ment of fetuses at risk for IUGR. Doppler ultrasound is 
also used to monitor fetuses at risk for anemia and follow 
up on those requiring in utero transfusion. Biophysical 
profile plays an important role in assessing fetal well-
being in women with high-risk factors for stillbirth. 
These important tests need to be carefully performed and 
interpreted in conjunction with clinical factors to opti-
mize obstetric care.
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The use of ultrasound to evaluate the placenta is 
routine among the majority of pregnant American 
women because they have at least one ultrasound exami-
nation during pregnancy. A wide range of pregnancy 
complications result from abnormal placental develop-
ment, including preeclampsia, intrauterine growth 
restriction (IUGR), and abruption. Other placental 
abnormalities, such as placenta previa, percreta, or vasa 
previa, may cause major maternal and fetal complica-
tions. Timely recognition of these abnormalities can lead 
to improved management of pregnancy and delivery. 
Thus, careful examinations of the placenta by ultrasound 
can contribute directly to enhanced patient care and 
improved outcomes.

PLACENTAL DEVELOPMENT

The early developing embryo is surrounded by amnion 
and chorion. Villi cover the entire surface of the chorion 
up to about 8 weeks of gestation (Fig. 44-1). The villi, 
which are the basic structures of the placenta, initially 
form by 4 or 5 weeks’ gestation. The villi next to the 
decidua capsularis degenerate, forming the chorion 
laeve. The villi contiguous with the decidua basalis 
become the chorion frondosum and later the placenta. 
The fetal side of the placenta consists of the chorionic 
plate and chorionic villi. The maternal side consists of 
the decidua basalis, which open up into large cisterns, 
the intervillous spaces. The fetal villi are immersed in 
maternal blood located in the intervillous spaces. Anchor-
ing villi develop from the chorionic plate.1 These attach 

to the decidua basalis, holding the placenta in place.2,3 
By the end of pregnancy, the villi have a surface area of 
12 to 14 square meters.4

Placental Appearance

The placenta in the first and second trimesters is slightly 
more echogenic than the surrounding myometrium (Fig. 
44-2, A). The attachment site, or base of the placenta, 
should be clearly delineated from the underlying myo-
metrium. The edges of the placenta usually have a small 
sinus, the marginal sinus of the placenta (Fig. 44-2, 
B), where intervillous blood drains into the maternal 
venous circulation. This structure should not be con-
fused with placental separation. As the placenta matures, 
areas of echogenicity within the placenta are visualized 
(Fig. 44-2, D and E ). In cases of placental infarction, 
there may be hypoechoic lesions with echogenic borders.

Placental lakes (venous lakes) occur in up to 5% of 
pregnancies5-9 (Fig. 44-2, C; Video 44-1). They repre-
sent areas of intervillous spaces devoid of placental villous 
trees. They can be seen as hypoechoic structures in the 
placenta. Moving blood flow can be seen in these areas. 
They may have irregular shapes or a narrow, cleftlike 
appearance and may change in appearance over time.

Placental Size

Placental length is approximately six times its maximal 
width at 18 to 20 weeks’ gestation. The mean thickness 
of the placenta in millimeters in the first half of preg-
nancy closely approximates the gestational age in weeks.10 
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FIGURE 44-1. Human placenta microarchitecture. Fetal derivatives in the placenta consist of fetal vessels and placental coty-
ledons (villi). Villi consist of fetal vessels surrounded by cytotrophoblast cells (CT). Covering the cytotrophoblast cells is a multinucleated 
cellular layer called the syncytiotrophoblast (ST). Anchoring villi are in direct contact with the maternal uterine lining, called the decidua. 
The decidua is traversed by maternal vasculature. Blood from these vessels empties into the intervillous space and bathes the placental 
villi. Note that maternal and fetal blood vessels are separated by trophoblast, villous stroma, and fetal vascular endothelium. Cytotropho-
blast cells from anchoring villae can change into an invasive phenotype called extravillous cytotrophoblast cells (EVT). EVT invade deeply 
into the maternal decidua. Some EVT, called endovascular trophoblast cells (ET), embed within the walls of the maternal vasculature. 
(From Comiskey M, Warner CM, Schust DJ: MHC molecules of the preimplantation embryo and trophoblast. In: Mor G, ed. Immunol-
ogy of Pregnancy. Austin/New York: Landes Bioscience, 2006.)
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FIGURE 44-2. Normal ap-
pearance of placenta. A, At 
18 weeks, note the uniformly 
echogenic appearance of the pla-
centa and a uterine contraction 
deviating the placenta. B, Note 
marginal sinus of placenta 
(arrow), a circumferential venous 
drainage point into the maternal 
uterine veins that should not be 
mistaken for placental separation. 
C, Placental lake (arrow) at 20 
weeks. Calipers denote length of 
placenta. D and E, Note the 
increasing echogenicity in the  
placenta as it matures. (D and E 
from Burton GJ, Jauniaux E. Sono-
graphic, stereological and Doppler 
flow velocimetric assessments of pla-
cental maturity. Br J Obstet Gynae-
col 1995;102:818-825.)
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sequential sections of the placenta at intervals such as 
1.0 mm. The margins are manually traced, and a volume 
is calculated.11 Most current studies appraising the use 
of three-dimensional (3-D) sonography have used the 
VOCAL (Virtual Organ Computer-aided AnaLysis) 
method,11 in which the 3-D volume in question is 
rotated and the area of interest traced at its margin, after 
which a volume is calculated (Fig. 44-4).

Placental volume approximation in the first trimester 
holds promise as an important part of early pregnancy 
evaluation. Uterine artery Doppler analysis can provide 
some information regarding IUGR and maternal hyper-
tension, but it is insufficient as a sole indicator of tro-
phoblast invasion, in part because it is typically performed 
late in the second trimester. Small placental volumes in 
the first trimester presage abnormal uterine artery perfu-
sion.12 Uterine artery Doppler ultrasound combined 
with assessment of placental volume may identify preg-
nant women at risk for hypertension, abruption, or 
IUGR.13,14 First-trimester placental volumes correlate 
with pregnancy-associated plasma protein A (PAPP-A) 
and free beta-human chorionic gonadotropin (f-β-hCG) 
levels,15 suggesting the potential introduction of placen-
tal volumes in the first trimester with maternal serum 
screening for aneuploidy.15 The first-trimester placental 
volume quotient (placental volume/crown-rump length) 
is low for aneuploid fetuses, with 53% having a quotient 
less than 10th centile.16 For twins, the placental volume 
is 83%, and for triplets, 76%, that of singletons, for a 
given gestational age.17

The placenta dramatically increases in size until 
approximately 15 to 17 weeks’ gestation. From this 

FIGURE 44-3. Thick placenta in fetal hydrops. Note 
the ascites (arrow).

FIGURE 44-4. Three-dimensional assessment of placental volume in second trimester.

If the placenta thickness is greater than 4 cm (40 mm) 
before 24 weeks, an abnormality should be suspected. 
These abnormalities include ischemic-thrombotic 
damage, intraplacental hemorrhage, chorioangioma, 
and fetal hydrops (Fig. 44-3).

Given the variable shape of the placenta, calculating 
a volume from two-dimensional (2-D) imaging can be 
complicated. Multiplanar volume calculation involves 
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ogy by assessing placental flow and documenting the 
amount of flow in a given area. Because of its low vari-
ability between sampling sites in varied parts of the pla-
centa, 3-D imaging may have a future role in assessing 
flow in high-risk pregnancies (e.g., hypertension, 
IUGR).33

Amnion-Chorion Separation

The amnion normally “fuses” with the chorion early in 
the second trimester. Failure of the amnion and chorion 
to fuse after 17 weeks is a rare complication of preg-
nancy, associated with multiple abnormalities. Previous 
amniocentesis is a risk factor for amnion-chorion separa-
tion.34 Associated factors may include IUGR, preterm 
delivery, oligohydramnios, placental abruption, and 
Down syndrome35 (Fig. 44-6).

PLACENTA PREVIA

The term “placenta previa” refers to a placenta that is 
“previous” to the fetus in the birth canal. The incidence 
at delivery is approximately 0.5% of all pregnancies.36 
Bleeding in the second and third trimesters is the 
hallmark of placenta previa. This bleeding can be life 
threatening to the mother and fetus. With expectant 
management and cesarean delivery, both maternal and 
perinatal mortality have decreased over the past 40 
years.37,38 Accurate diagnosis of placenta previa is vital to 
improve the outcome for mother and neonate.

The differentiation of placental positions has his-
torically been performed by digital assessment of the 
lower uterine segment and placenta through the cervix. 
Using this potentially hazardous method of evaluation, 

point, there is a fourfold increase in placental size until 
delivery, whereas the fetus has a 50-fold increase in size 
until delivery.18 Midtrimester placental volume is associ-
ated with maternal nutritional status, birth weight, and 
pregnancy outcome.19-23

Placental Vascularity and Doppler 
Ultrasound

The human placenta is a discoidal, villous, hemochorial 
structure. Nutrients are exchanged over many villi. Sur-
rounding the villi are the intervillous spaces, which are 
bathed in maternal blood. The villi are sproutlike projec-
tions from the chorionic plate into the intervillous space. 
The villi are directly connected to the fetal vascular 
system, whereas the maternal blood emanates from the 
developing spiral arteries to the intervillous spaces to 
contact directly the trophoblasts of the villi24 (Fig. 44-5). 
Maternal blood flow of the intervillous space depends on 
flow from the spiral arteries. Maternal vascular disease 
(e.g., hypertension) can directly affect the pregnancy by 
limiting this blood flow.25

Intervillous blood flow begins early in the first trimes-
ter.26-28 Color Doppler ultrasound has been used to 
detect this intervillous and spiral artery flow by 12 weeks’ 
gestation, but the flow, if any, that occurs before this 
time is not well understood.29 Before 12 weeks, the pres-
ence of intervillous blood flow by gray-scale imaging may 
indicate failed pregnancy.30

Color and power Doppler sonography have been used 
to identify blood flow in intraplacental villous arteries.31 
A decrease in the number of detectable intraplacental 
villous arteries is associated with IUGR.32 Three-
dimensional power Doppler ultrasound provides a better 
appreciation of placental vascularity and pathophysiol-

FIGURE 44-5. Schematic drawing of placental vasculature.
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FIGURE 44-6. Chorioamniotic separation in second 
trimester. Amnion (short arrow) is separated from the chorion 
(long arrow).

FIGURE 44-7. Placental position. Transabdominal sonography (A-C) and transvaginal sonography (C-E) can be used to determine 
placental position. If the position is unclear transabdominally, vaginal sonography should be used. A, Complete placenta previa (arrow). 
The maternal cervix is demarcated by the calipers. B, Marginal placenta previa. The internal cervical os is indicated by the arrow. C, Low 
placenta. The long arrow indicates the placental edge and the short arrow indicates the internal cervical os. D, Complete placenta previa. 
E, Complete placenta previa. The placental tip (long arrow) crosses the os (short arrow). F, Low placenta. The tip of the placenta is 1.6 cm 
from the internal os.

A B C

D E F

1

1

1

1  D 1.62cm

placental position was classified as complete placenta 
previa, partial placenta previa, incomplete placenta 
previa, marginal placenta previa, low-lying placenta, and 
placenta distant from the internal cervical os. These clas-
sifications do not directly apply to the ultrasound exami-
nation of placental position relative to the cervix. The 
use of ultrasound to evaluate the position of the placenta 
in the uterus has both improved knowledge of the pla-
centa within the uterus and simplified terminology with 

respect to placental position (Fig. 44-7). Complete pla-
centa previa describes the situation in which the internal 
cervical os is totally covered by the placenta. Marginal 
placenta previa denotes placental tissue at the edge of 
or encroaching on the internal cervical os. A low pla-
centa is one in which the placental edge is within 2 cm, 
but not covering any portion, of the internal cervical os. 
The terms “incomplete placenta previa” and “partial pla-
centa previa” have no place in the current sonographic 
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assessment of placental position and should be used only 
by a clinician performing a digital examination when a 
“double setup” is necessary to determine where the 
leading edge of the placenta lies.

Transabdominal scanning can be used to visualize the 
internal cervical os and to determine the relation of the 
placenta to the cervix in most cases. Factors that can 
adversely affect the visualization of the cervix include 
prior abdominal surgery, obesity, deep or low position of 
the fetal head or presenting part, overfilled or underfilled 
maternal bladder, or uterine contractions. Transvaginal 
sonography is safe39 and accurate in depicting the internal 
cervical os. The proximity of the cervix to the vaginal 
probe allows higher-frequency probes to be used, with 
better resolution and thus better visualization of the inter-
nal cervical os. With improved resolution, clinicians can 
accurately determine the position of the leading placental 
edge to the internal cervical os. The use of transvaginal 
sonography has been shown to change the assessment of 
the placental location in 25% of cases when the placenta 
is within 2 cm of the internal cervical os, as identified 
transabdominally.40 A leading placental edge greater than 
2 cm from the internal cervical os is associated with 
vaginal delivery, and distances less than 2 cm are associ-
ated with bleeding, leading to cesarean delivery.41,42

Although placenta previa can occur in nulliparas, risk 
factors include number of prior cesarean deliveries (odds 
ratio: 4.5 for one; 44.9 for four43), increasing parity 
independent of number of prior cesarean deliveries,44 
and increasing maternal age.45

Early in the second trimester, the placenta occupies a 
relatively large portion of the uterine cavity and often is 
positioned near the cervix. As the uterus grows, a lesser 
proportion of placentas are located near the internal 
cervical os. This relative change in placental position is 
best understood by the placental migration theory.46 
This theory of “dynamic placentation” suggests that as 
the uterus develops, the placenta is “drawn away” from 
the internal cervical os. It is unclear whether the primary 
mechanism is disproportionate development of the lower 
uterine segment so that the placenta, although it does 
not detach from the uterine wall, comes to lie more 
distant from the internal cervical os. This theory would 
also be consistent with complete central placenta previas 
that do not resolve at a rate approaching that of other 
low-lying placentas, because the expansion of the lower 
uterine segment would not lead to the resolution of this 
type of placenta previa.

If the placenta overlaps the cervix by less than 2 cm, 
more than 88% of patients deliver vaginally.47 A rate of 
migration (in the second and third trimesters) away from 
the internal os of 3.0 to 5.4 mm per week is also associ-
ated with vaginal delivery, whereas a placental-internal 
os distance of less than 2 cm or a pattern of migration 
of 0.3 to 0.6 mm weekly are associated with interven-
tional cesarean delivery and a higher rate of peripartum 
complications.47,48

The prediction of a placenta previa at delivery is best 
when the placenta overlaps the internal cervical os by 
1.4 cm at 10 to 16 weeks’ gestation,49 or 2 cm at 20 to 
23 weeks.50 Mustafa et al.51 demonstrated that if the 
placenta overlaps by 2.3 cm at 11 to 14 weeks, the prob-
ability of a placenta previa at term is 8%, with a sensitivity 
of 83% and a specificity of 86%.51 Aside from a complete 
central placenta previa, given the current data, it is still 
difficult to predict precisely which patients will have 
resolution of their low placenta; therefore, further ultra-
sound examinations are required to assess placental posi-
tion if a low placenta is identified early in gestation.

For women with a low placenta, the description of the 
leading edge of the placenta in the early third trimester 
as “thin” (≤1 cm in thickness and/or angle of placental 
edge <45 degrees) or “thick” (any other type of placenta) 
can be predictive of delivery complications. Antepartum 
hemorrhage is more common with thick-edged placen-
tas, as is the rate of cesarean delivery, placenta accreta, 
low birth weight, and earlier gestational age at delivery.52 
Interestingly, a more recent study performed in the  
first and second trimesters suggested that a thin-edged  
placenta with a smaller angle was more predictive of 
placenta previa.53 Although not ready for clinical imple-
mentation, this parameter may help identify patients 
who can be reassured early in pregnancy that they will 
not have a placenta previa at delivery.

PLACENTA ACCRETA

The normal placenta invades the inner third of the myo-
metrium. At delivery, the placenta separates at the decid-
ual plane, with an abrupt cessation of intraplacental  
flow as the myometrium contracts.54 A placenta that is 
abnormally adherent to the uterine wall after delivery is 
termed placenta accreta. Placenta increta occurs if 
the placenta invades the myometrium more deeply, and 
placenta percreta refers to a placenta that at least in part 
protrudes through the uterine serosa. Placenta accreta, 
increta, and percreta are serious complications of preg-
nancy associated with maternal blood loss, need for hys-
terectomy, and retained products of conception. With 
ultrasound, placenta accreta can be identified antenatally 
so that delivery plans can be made prospectively, improv-
ing the outcome for mother and child.

Although placenta accreta (or increta or percreta) can 
occur in any pregnancy, important risk factors include 
prior uterine surgery (with risk increasing with increasing 
number of prior cesarean deliveries), placenta previa, 
unexplained elevated maternal serum alpha-fetoprotein 
(MS-AFP), increased maternal cell-free placental lacto-
gen, and advancing maternal age.55-58 A woman with no 
placenta previa and no prior history of cesarean section 
has a baseline risk of 0.26% for placenta accreta. This 
increases almost linearly with number of prior cesarean 
sections, to 10% in patients with four or more.59 Women 
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FIGURE 44-8. Placenta accreta with placental lakes. A, Transabdominal sonogram of a third-trimester placenta shows a 
placental (venous) lake (arrow). B, In a different patient, transabdominal sonogram of second-trimester placenta shows multiple placental 
lakes (long arrow); short arrow, fetal head. C, In another patient, transvaginal sonogram of second-trimester placenta shows intense color 
flow within and below the placenta; long arrow, fetal head; short arrow, maternal bladder. D, In the same patient as C, multiple placental 
lakes are visualized (arrowheads).
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with a placenta previa and an unscarred uterus have a 5% 
risk of clinical placenta accreta. With a placenta previa 
and one previous cesarean section, the risk of placenta 
accreta is 24%; this risk increases to 67% with a placenta 
previa and four or more cesarean deliveries.59

Several sonographic signs are associated with placenta 
accreta. The presence of a coexisting placenta previa in 
the majority of cases makes it particularly likely that the 
adherent portion of the placenta will be low in the 
uterus, in the region of a prior cesarean section scar. This 
simple fact makes the evaluation of these placentas much 
more straightforward with the transvaginal ultrasound 
probe. Sonographic findings of placenta accreta include 
loss of the normal hypoechoic retroplacental-myometrial 
interface, thinning or disruption of the hyperechoic  
subvesicular uterine serosa, presence of focal exophytic 
masses, and numerous placental lakes60-63 (Fig. 44-8).

The color Doppler ultrasound findings suggestive  
of placenta previa accreta include diffuse lacunar blood  

flow throughout the placenta, dilated vascular channels 
between the placenta and bladder or cervix, absence of 
the normal subplacental venous flow, and the demonstra-
tion of vessels crossing the placental-myometrial disrup-
tion site.64,65 Three-dimensional sonography may also 
be helpful for evaluation of vascular anatomy in the 
setting of a placenta accreta.66,67 The gray-scale and color 
Doppler sonographic findings described for placenta 
accreta are also present, but more exaggerated, in placenta 
increta/percreta (Fig. 44-9; Videos 44-2 and 44-3). 
Three-dimensional color and power Doppler ultrasound 
is helpful to demonstrate the extensive torturous vascu-
larity seen with such placentas. Greatly increased vascular 
lacunae with turbulent or “tornado” blood flow increases 
the likelihood of placenta increta/percreta.68

As in many aspects of obstetric sonography, early diag-
nosis is preferable. In women with a history of cesarean 
delivery, a gestational sac in the lower half of the uterus, 
at or before 10 weeks’ gestation, is associated with  
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typically present with third-trimester vaginal bleeding 
associated with abdominal or uterine pain and labor. The 
incidence is approximately 0.5% of pregnancies. History 
of prior abruption, hypertension, prolonged rupture  
of membranes, IUGR, chorioamnionitis, polyhydram-
nios, maternal thrombophilias, maternal substance  
use (tobacco, alcohol, cocaine), maternal trauma, and 
advanced maternal age are all risk factors for placental 
abruption.77-79 The diagnosis of placental abruption is 
typically made based on clinical findings; the retroplacen-
tal clot is frequently isoechoic to the placenta or myome-
trium and cannot always be identified sonographically.

A subplacental hematoma between the placenta and 
uterine wall is a placental abruption (Fig. 44-12). This 
should be differentiated from a subchorionic hema-
toma, in which the hematoma is underneath the chorion, 
not the placenta. Although a subchorionic hematoma 
can occur anytime during pregnancy, it is more common 
in the first half of pregnancy, and its appearance will 
change as the hematoma organizes (Fig. 44-13, A). A 
preplacental hematoma is a rare condition likely caused 

placenta accreta,69 as are first-trimester placental 
lacunae70,71 (Fig. 44-10). When the diagnosis is unclear 
or nonspecific findings are present, magnetic resonance 
imaging (MRI) may be helpful,72-76 particularly when the 
placenta is posterior over an area of prior uterine scar, 
such as from myomectomy (Fig. 44-11).

Information about placenta accreta and its variants is 
indispensable for delivery management. Accurate prena-
tal diagnosis allows uterine conservation and avoidance 
of massive blood loss at delivery. Strategies include  
preoperative placement of internal iliac artery balloon 
catheters and ultrasound-guided fundal classic cesarean 
section to deliver the fetus above the upper margin of 
the placenta.

PLACENTAL ABRUPTION

Placental abruption is one of the worrisome causes  
of vaginal bleeding in the latter part of pregnancy  
because it contributes to perinatal mortality. Patients 

FIGURE 44-10. First-trimester placenta accreta. 
The umbilical cord insertion is low in the uterus; arrowheads 
indicate multiple small placental lakes. This patient had a prior 
cesarean delivery and subsequently was shown to have a placental 
previa accreta.

FIGURE 44-9. Placenta percreta. Transvaginal sonogram 
of a third-trimester placenta shows loss of the hypoechoic border 
between the placenta and the myometrium, with protrusion of the 
placenta (long arrow) into the maternal bladder (arrowhead); short 
arrow, placental lake.
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FIGURE 44-11. Placenta accreta. Coronal T2-weighted 
MR image shows an absent myometrial-placental interface in a 
posterolateral location (arrow) surrounded by normal myometrial-
placental interface in a patient with previous posterior myomec-
tomy. This region was not well evaluated with ultrasound. (From 
Levine D. Placenta accreta: evaluation with color Doppler, power 
Doppler and fast MRI. Radiology 1997;205:773.)

FIGURE 44-12. Placental abruption. Transabdominal 
sonogram of the placenta (PL) with a hematoma (calipers) lifting 
the placenta away from the uterine wall.

PL

FIGURE 44-13. Subchorionic hematoma. A, Transabdominal transverse view of the uterus in the second trimester shows acute 
subchorionic hematoma (calipers). The anterior placenta is shown by the short arrow. B, Transabdominal midsagittal view of the same 
patient later in pregnancy demonstrates the subchorionic hematoma (long arrow) more hypoechoic and located overlying the cervix (cali-
pers); short arrow, placenta.

BA
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echogenicity of the myometrium. An indirect sign of the 
presence of a hematoma is apparent thickening of the 
placenta, which is associated with worse outcomes.82,83

Even though placental abruption remains a clinical 
diagnosis, ultrasound can play an important role. Larger 
hematomas are expected to be seen (Fig. 44-15), and 
these are more likely to be clinically important. Glantz 
and Purnell84 reported that the identification of placen-
tal abruption by ultrasound had a sensitivity, specificity, 
positive predictive value, and negative predictive value 
of 24%, 96%, 88%, and 53%, respectively. They  

by bleeding from fetal vessels and located on the fetal 
surface of the placenta under the chorion (Fig. 44-14). 
Because preplacental hematomas likely result from the 
accumulation of fetal blood, prognosis may be poorer.80 
When massive, these hematomas are sometimes termed 
Breus mole. Preplacental hematomas may be associated 
with maternal hypertension.81

An acute hematoma has an echogenicity similar to 
that of the placenta, making sonographic visualization 
difficult. As the hematoma organizes, it becomes more 
hypoechoic (Fig. 44-13, B) and can approach the 

FIGURE 44-14. Preplacental hematoma. A and B, Transabdominal sonograms early in the third trimester demonstrate a hema-
toma on the fetal side of the placenta (arrow). The fetus had severe growth restriction and died within 2 days of the ultrasound 
examination.

A B

FIGURE 44-15. Large hematoma. Transabdominal sono-
gram shows large hematoma (H, calipers). The placenta (*) is 
anterior.

X X

X
X

H
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FIGURE 44-16. Maternal floor infarction. A, Trans-
abdominal sonogram of a third-trimester placenta shows an echo-
genic mass (arrow) emanating from the basal plate into the 
placenta. B, In another patient, color Doppler sonogram late in 
the second trimester demonstrates a placental subchorionic cyst 
(arrow). C, In another patient, highly echogenic basal plate 
(arrows) suggests basal plate infarction.
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determined that if a hematoma was identified by sonog-
raphy, there was an increased risk of preterm delivery, 
low birth weight, and neonatal intensive care unit 
admission. Increased size of hematoma and percentage 
of placental involvement are associated with increased 
fetal mortality.85

PLACENTAL INFARCTION

Placental infarctions can occur focally or throughout the 
placenta and are thought to have a vascular etiology. 
Maternal floor infarction is a diffuse entity overtaking 
the villi with a fibrinoid deposition at the maternal 
surface and basal plate, reaching into the placental sub-
stance. The presence of this fibrin surrounding the villi 
obstructs nutrient exchange from mother to fetus. Both 
abnormalities are associated with oligohydramnios, 
umbilical artery Doppler abnormalities, IUGR, central 
nervous system injury, and fetal demise. Maternal floor 
infarction tends to recur in subsequent pregnancies.24,86-88 

Although peripheral infarctions are common at term, 
infarctions larger than 3 cm or involving more than 5% 
of the placenta are associated with increased perinatal 
morbidity. Both maternal and fetal thrombophilias can 
lead to placental infarctions.89

The sonographic findings of maternal floor infarction 
include a hyperechoic placental mass (Fig. 44-16, A) or 
placental thickening. Hyperechoic areas of the placenta 
are especially prominent along the maternal surface of 
the placenta and can stretch into the placental substance 
itself. These can be a normal finding, especially with 
mature placentas. Hyperechoic placental masses may be 
associated with central hypoechoic spaces as they orga-
nize. Subchorionic cysts are also commonly present 
with maternal floor infarction (Fig. 44-16, B). The 
hyperechoic mass seen with maternal floor infarction 
resembles that seen with placental chorioangiomas.90

Placental infarctions caused by maternal vascular 
disease often result in uteroplacental ischemia and infarc-
tion of the villi. These appear as echogenic, rimmed 
cystic lesions within the placenta, not necessarily at the 
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contain these cysts have normal outcomes. Larger cysts 
(>4.5 cm) are associated with IUGR. Maternal floor 
infarction may also be associated with placental cysts.92,93

The most common benign tumor of the placenta is 
the chorioangioma, occurring in approximately 1% of 
pregnancies (Fig. 44-19). Although most are asymptom-
atic, large chorioangiomas can lead to high-output fetal 
cardiac failure, anemia, hydrops, and death.94 Chorioan-
giomas appear as well-circumscribed solid tumors in the 
placenta. They can range from hypoechoic to hyper echoic 
compared to the echogenicity of the placenta. A threshold 
of 5 cm in diameter typically portends a high risk for 
adverse outcome.95,96 Use of color or power Doppler 
ultrasound is helpful to identify increased blood flow 
within the solid mass, thereby distinguishing the mass as 
a chorioangioma.97,98 Blood flow is not consistently 
demonstrable, especially with smaller chorioangiomas; 

maternal side of the placenta or basal plate (Fig. 44-17; 
Video 44-4). When identified early in gestation, anti-
coagulation with heparin may improve outcome.91

PLACENTAL MASSES

Solid-appearing placental masses include chorioangioma, 
subamniotic hematoma, subchorionic hematoma, 
and placental hemorrhage. These masses should be dif-
ferentiated from fluid-filled placental regions of placental 
cysts and venous lakes. As just discussed, placental infarc-
tions may also have a masslike appearance.

Subchorionic placental cysts on the fetal surface of 
the placenta are predominantly innocuous findings on 
prenatal sonography, similar to cysts in the substance of 
the placenta (Fig. 44-18). Most fetuses whose placentas 

FIGURE 44-18. Placental cysts. A, Transabdominal sonogram of a third-trimester placenta demonstrates a small placental cyst. B, 
Transabdominal sonogram of a second-trimester placenta with a surface cyst (calipers) located near the umbilical cord insertion.
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FIGURE 44-17. Placental infarctions in patient 
with severe preeclampsia. Transabdominal sonogram of 
a third-trimester placenta demonstrates multiple hyperechoic bor-
dered cysts with sonolucent cores.
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FIGURE 44-19. Chorioangioma. A, Transabdominal sonogram shows a heterogeneous placental mass (calipers). B, In another 
patient, transabdominal sonogram of a more homogeneous and isoechoic placental mass (calipers). C, In a different patient, transabdominal 
color Doppler sonogram shows blood flow within the tumor. D, Same patient as C; 3-D color Doppler sonography demonstrates feeding 
vessel (long arrow) and vasculature (short arrow) in the placental tumor. E and F, Gray-scale and color Doppler sonograms show another 
patient with a small, hypovascular chorioangioma. G, Specimen.
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MESENCHYMAL DYSPLASIA  
OF THE PLACENTA

Mesenchymal dysplasia of the placenta resembles a 
partial hydatidiform mole both grossly and microscopi-
cally, with a thickened placenta and small cystic lesions. 
In contrast to partial moles, mesenchymal dysplasia of 
the placenta may be associated with a normal fetus, 
although IUGR is common. There is also an association 
with Beckwith-Wiedemann syndrome106 (Fig. 44-20). 
The villi in these cases are cystic with dilated vasculature. 
The karyotype is usually normal.107

MOLAR GESTATIONS

Gestational trophoblastic disease consists of complete 
mole (Fig. 44-21) and partial mole and choriocarci-
noma. These placental abnormalities are discussed in 
detail in Chapter 15.

those with low flow tend to have a better outcome, 
whereas chorioangiomas with extremely elevated flow 
usually are associated with adverse perinatal outcome. 
These pregnancies require close follow-up and surveil-
lance for polyhydramnios and other signs of fetal 
hydrops.99,100 Decreasing blood flow, as documented by 
color or power Doppler ultrasound, signals an improved 
prognosis.100 Three-dimensional power Doppler can 
assist with the diagnosis of chorioangioma and can be 
used to quantitate blood flow to the tumor.95

In cases where the fetus is at risk for hydrops, in 
utero intervention improves perinatal outcomes. Inter-
ventions include injection of thrombogenic material,101 
microcoil embolization,102 and endoscopic laser 
devascularization.103

Maternal malignancies rarely metastasize to the pla-
centa. Malignant melanoma and adenocarcinoma of  
the breast, pancreas, and colon are most common.104,105 
These deposits are typically microscopic and do not 
interfere with placental function.

FIGURE 44-20. Mesenchymal dysplasia of pla-
centa. Associated with Beckwith-Weidemann syndrome at 20 
weeks’ gestation. Note the enlarged placenta (8 cm, calipers) with 
multiple cystic spaces.

FIGURE 44-21. Molar pregnancy. Transvaginal sonogram 
in the late first trimester demonstrates a moderate amount of 
gestational tissue with multiple cystic spaces.

2

1
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Because of this placement, there is disproportionate 
folding of the placenta and fetal membranes. This results 
in the chorionic plate being smaller than the basal plate. 
Within the membrane fold hyalinized villi may be seen 
after being incorporated into the fold.

Circumvallate placenta has the sonographic appear-
ance of a rolled edge of membranes at the placental edge 
inserting toward the center of the placental chorionic 
disc (Fig. 44-22; Video 44-5). Termed a placental shelf, 
this rolled edge of membranes can be thick and most 
often occupies only a small portion of the placenta. 
Circumvallate placentas can also be confused with 
uterine synechiae (Fig. 44-23, A), uterine septum (Fig. 
44-23, B), and amniotic bands. Carefully identifying 

MORPHOLOGIC PLACENTAL 
ABNORMALITIES

There are a number of placental shape abnormalities, 
some quite rare.

Circumvallate Placenta

In circumvallate placenta the membranes of the chorion 
laeve, instead of inserting at the margin of the placental 
disc, insert more toward the center of the disc. The 
pathologist can identify fibrin at the margin along with 
evidence of bleeding. With a complete circumvallate pla-
centa, a ring may constrict the chorion frondosum.24 

FIGURE 44-22. Circumvallate placenta. A, Transabdominal sonogram in the early third trimester shows rolled edges of the 
placenta (arrows). B, Transabdominal sonogram in the second trimester shows a placental shelf (arrow), which has echogenicity similar to 
the remainder of the placenta.

A B

FIGURE 44-23. Mimics of circumvallate placenta. A, Placenta abutting a uterine synechia (long arrow) of myometrial tissue; 
short arrow, placental edge. B, Transabdominal sonogram of a second-trimester pregnancy with a uterine septum (arrow). The placenta 
partially inserts on the uterine septum.

A B
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for the identification of these shelves at the 13 to 16–week 
scan. Of note, none of the placental shelves occupied 
more than 25% of the placenta. Also, none of the partial 
circumvallate placentas could be sonographically appreci-
ated in the third trimester. All neonates had a normal 
outcome. A recent large study of postdelivery placenta 
inspection yielded a complete circumvallate placenta inci-
dence of 1.8%, none of which was detected antenatally.

Succenturiate Lobe

Succenturiate lobes, or accessory lobes, of the placenta 
can be a single lobe or multiple lobes in addition to the 
main placental lobe (Fig. 44-24). Their incidence is as 
high as 6%.24 Given that placental tissue is present in 
the accessory lobe, there must be arterial and venous  
connections to the main portion of the placenta. One 
concern involves a retained placental accessory lobe after 
delivery, if not expected from the antenatal sonogram. 

the insertion of the membranes and determination of the 
echogenicity of the rolled edge of placenta, which should 
be similar to that of the placenta, should provide the 
correct diagnosis.

If a circumvallate placenta is identified, even if it 
seems to occupy only a small portion of the placenta, the 
rest of the placenta must be evaluated to determine 
whether the rolled edge of membranes involves the entire 
placenta. Complete circumvallate placentae are associ-
ated with adverse neonatal outcomes, including placental 
abruption, preterm delivery, oligohydramnios, IUGR, 
emergency cesarean delivery, Apgar scores less than 7, 
and perinatal death.108,109 Fortunately, complete circum-
vallate placenta is rare, whereas partial circumvallate pla-
centas are quite common and should be regarded as 
normal variants.

Evaluating second-trimester placental shelves to deter-
mine whether the sonographic finding persisted into the 
third trimester, Shen et al.108 found an incidence of 11% 
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FIGURE 44-24. Succenturiate lobe. A, Transabdominal 
sonogram of a third-trimester pregnancy shows a portion of placenta 
(arrow) separate from the main placental disc. B, Transvaginal 
sonogram of a third-trimester succenturiate lobe (arrow) that 
overlies the cervix (calipers). C, In a different patient, transabdomi-
nal color and pulsed wave Doppler ultrasound demonstrate the 
vascular connection between the succenturiate lobe and the main 
placental disc.
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are associated with abnormal outcome. Short umbilical 
cords are associated with conditions that impair fetal 
movement early in gestation, such as akinesia syndromes, 
aneuploidy, and extreme IUGR. Excessive cord length 
is associated with asphyxia or death resulting from a 
variety of situations that compromise cord flow, includ-
ing excessive coiling, true knots, multiple loops of nuchal 
cord, and cord prolapse.

The potential importance of the diameter of the 
umbilical cord is unclear. In the first trimester, fetal size 
correlates with cord diameter, and small diameter may 
be a marker for pregnancy loss.110 Also, data from mul-
tiple centers suggest that cord diameter may be a marker 
for chromosomal abnormalities when larger111 or smaller 
than expected.112 In the second and third trimesters, the 
largest contributor to the size of the umbilical cord is 
Wharton’s jelly. A nomogram has been developed for 
the area of Wharton’s jelly that correlate with fetal bio-
metry up to 32 weeks’ gestation.113,114 In the second 
trimester, a larger-than-expected umbilical cord is associ-
ated with aneuploidy.115 IUGR has been associated with 
thin cords, and diabetes, fetal macrosomia, placental 
abruption, and rhesus isoimmunization have been asso-
ciated with thicker cords.116 The associations between 
fetal umbilical cord size and fetal growth overlap too 
greatly to be useful screening tools.117

Information on the umbilical cord and its manner of 
twisting comes from the pathology literature. Left twists 
occur in 83%, right twists in 12%, and absent twists  
in 5% of umbilical cords in live-born singletons. For  
the umbilical cords that have a twist, ascertainment  
of the degree of twist has been reported antenatally.  
The umbilical coiling index is calculated by dividing 
the number of helices by the cord length in centimeters 

Succenturiate lobes can also lie over the cervix as a variant 
of placenta previa.106 Even more important is the 
concern over the location of the vascular connection 
between the main placenta and the succenturiate lobe. If 
the vessels lie in proximity to the cervix, a vasa previa 
may be present.

When a succenturiate lobe of the placenta is identified, 
it is imperative that the vascular connection between the 
succenturiate lobe and placenta be identified. This can 
be difficult at times because of poor visualization, espe-
cially later in pregnancy, and because the closest distance 
between succenturiate lobe and placenta is not always the 
route taken by the vessels. At a minimum, the internal 
cervical os should be evaluated to assess for fetal vessels.

Bilobed Placenta

Bilobed placentas consist of two similarly sized placental 
lobes separated by intervening membranes (Fig. 44-25). 
There must be some vascular connection between the 
lobes, and the umbilical cord may insert between the 
lobes in the membranes. Although rare, a bilobed pla-
centa can be regarded similar to succenturiate lobes, with 
similar risks. Bilobed placentas may have more unpro-
tected vessels, however, reinforcing the need for careful 
evaluation of the placental vasculature in such cases.

UMBILICAL CORD

Size and Appearance

Umbilical cord length varies, and a normal length has 
not been established. However, extremes of cord length 

FIGURE 44-25. Bilobed placenta. A, Transabdominal sonogram of a third-trimester bilobed placenta. Both placental discs are of 
comparable size (arrows). B, Pulsed wave Doppler ultrasound demonstrates a fetal vascular connection between the lobes. The umbilical 
cord insertion inserts into the lower lobe.
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antenatally, with 2-D imaging as well as 3-D and 4-D 
sonography.126,127 Although 3-D sonography may be 
helpful for suggesting the presence of a true knot of the 
umbilical cord, multiple loops of cord lying next to each 
other can mimic the presence of a knot.128,129

Cysts of the umbilical cord can be seen throughout 
pregnancy, occurring most frequently on the portion 
closest to the fetus (Fig. 44-28). Many cysts develop 
from the allantois and omphalomesenteric duct, or pseu-
docysts may develop through liquefaction of Wharton’s 
jelly, giving the umbilical cord a hydropic appear-
ance130,131 (Fig. 44-29). All cord cysts are associated with 
both structural and chromosomal defects, so a detailed 
structural survey is required whenever a cyst is encoun-
tered.132 However, cord cysts seen in the first trimester 
often resolve, without sequelae.133 Trisomies 13 and 18 
are the most common chromosomal abnormalities asso-
ciated with umbilical cord cysts,131,134 and genitourinary 
and gastrointestinal anomalies are the most common 
structural defects.135-138

Vascular anomalies of the umbilical cord are associ-
ated with adverse fetal outcomes. Umbilical artery 
aneurysms are associated with vascular abnormalities, 
trisomy 18, and fetal demise.131,139-141 Spontaneous 
rupture of the umbilical artery with a resultant umbilical 
cord hematoma has also been reported.141

Umbilical cord tumors are exceedingly rare. The most 
common is the umbilical cord hemangioma, which 
appears as a heterogeneous mass surrounded by multiple 
peripheral cystic areas. Cord hematomas are associated 
with an increased risk of fetal demise.142,143

Nuchal cord (cord around neck of fetus) is often seen 
in the second and third trimesters. Multiple tight loops 
of nuchal cord indenting the skin late in the third tri-
mester should prompt a nonstress test.

(Fig. 44-26). The mean umbilical coiling index is 
0.44 ± 0.11 antenatally and 0.28 ± 0.08 after delivery.118 
Umbilical coiling does not vary with respect to the 
amount of Wharton’s jelly present.119 Assessment of 
the degree of coiling in the second trimester does  
not correlate well with the umbilical coiling index  
at term.120

Absent umbilical cord twists are associated with 
single umbilical arteries, multiple gestations, fetal demise, 
preterm delivery, aneuploidy, and both marginal and 
velamentous umbilical cord insertions121-123 (Fig. 44-27). 
Lower degrees of coiling are associated with lesser degrees 
of fetal growth.124

True knots of the umbilical cord occur in 1% to 2% 
of pregnancies. Although some are normal variants,125 
these knots may also be associated with increased fetal 
mortality. Sonographic features such as the “hanging 
noose sign” have been proposed to make this diagnosis 

FIGURE 44-26. Umbilical coiling index. Defined as the 
distance (A) between the same umbilical artery making one turn 
around the umbilical vein. (From Otsubo Y, Yoneyama Y, Suzuki 
S, et al. Sonographic evaluation of umbilical cord insertion with 
umbilical coiling index. J Clin Ultrasound 1999;27:341-344.)

A

FIGURE 44-27. Uncoiled cord in second trimester.
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FIGURE 44-28. Umbilical cord cysts. A, Transvaginal 
sonogram early in the first trimester demonstrates the yolk sac (long 
arrow), which is extra-amniotic, and umbilical cord cyst (short 
arrow). B, Transvaginal sonogram of a first-trimester fetus with an 
umbilical cord cyst (calipers), which is near the abdominal umbili-
cal cord insertion site. C, Color Doppler sonogram with flow in 
the umbilical cord around the cyst.

FIGURE 44-29. Edematous cord. Transabdominal sono-
gram of a third-trimester fetus shows an edematous area (arrow) 
of cord near the abdominal umbilical cord insertion.
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FIGURE 44-30. Single umbilical artery. A and B, Gray-
scale and color Doppler sonograms show a single artery and a single 
vein. C, Color Doppler ultrasound adjacent to the fetal bladder shows 
a single umbilical artery.

The normal umbilical cord has three vessels; one vein 
carries oxygenated blood to the fetus, and two arteries 
carry deoxygenated blood from the fetus. In 1% to 2% 
of pregnancies, however, there is only a single umbilical 
artery (Fig. 44-30). The diagnosis is made either by 
examining a free loop of cord in the amniotic fluid or 
by assessing the umbilical arteries around the fetal 
bladder. Although associated with aneuploidy as well as 
renal and cardiac abnormalities, in isolation a single 
umbilical artery has no functional importance.

Insertion into the Placenta

The normal umbilical cord inserts into the central 
portion of the placenta. Identifying the placental umbili-
cal cord insertion is important to recognize abnormalities 
of the umbilical cord vessels, as with gray-scale imaging 
and color or power Doppler sonography (Fig. 44-31).

Velamentous and Marginal  
Cord Insertions

A velamentous umbilical cord insertion refers to the 
situation where the umbilical cord inserts into the  
membranes and not the placental disc (Fig. 44-32). A 
marginal cord insertion, also known as a battledore 
placenta, occurs when the umbilical cord inserts into the 
very margin of the placenta (Fig. 44-33). Velamentous 
umbilical cord insertions occur in approximately 1% of 
singleton pregnancies; marginal cord insertions occur in 
approximately 7% of singletons. Both these cord inser-
tions are more common in multiple gestations and are 
also associated with single umbilical arteries.24

Velamentous umbilical cord insertions are sono-
graphically identified throughout the second and third 
trimesters of pregnancy with great reliability. Sepulveda 
et al.144 identified the placental cord insertion in more 
than 99% of pregnancies, correctly identifying all  
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FIGURE 44-31. Normal cord insertion into pla-
centa. Power Doppler sonogram shows central cord insertion 
(arrow) in a posterior placenta.

A

C

B

FIGURE 44-32. Velamentous cord insertion. A, Transab-
dominal sonogram of a second-trimester placenta with cord insertion 
entering the membranes and not the placental disc. B, Color Doppler 
transvaginal sonogram of a second-trimester velamentous cord inser-
tion shows the umbilical vessels inserting away from the placenta. The 
internal cervical os is indicated by the arrow. C, Examination of the 
placenta after delivery shows umbilical cord (arrow) with fetal vessels 
coursing through the membranes into the placental disc.

velamentous cord insertions using both gray-scale and 
color Doppler sonography.144 A velamentous cord inser-
tion has been identified as early as 10 weeks’ gestation145 
and can be routinely identified on the 11 to 14–week 
first-trimester scan.146 Velamentous cord insertions are 

associated with IUGR, preterm delivery, congenital 
anomalies, low Apgar scores, neonatal death, and retained 
placenta after delivery.144,147 Marginal umbilical cord 
insertions are not associated with IUGR or preterm 
delivery148 but are associated with vasa previa.
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neonatal outcome. Prior low placenta, placenta previa, 
multiple gestations, and pregnancies resulting from in 
vitro fertilization are all associated with vasa previa.149,151,152

Once a vasa previa is diagnosed, obstetric manage-
ment is critical to optimize outcome. Delivery at 35 to 
36 weeks’ gestation is recommended to obviate the risks 
of vessel rupture that can occur with labor or rupture of 
the membranes. If the patient has preterm labor, rup-
tured membranes, or bleeding before 35 weeks, delivery 
at the earlier gestational age should be considered.152,153

Vasa previa is diagnosed when a fetal vessel is identi-
fied overlying the internal cervical os. Although gray-
scale ultrasound can identify the vessel, color or power 
Doppler sonography can assist with visualizing the vessel. 
Pulsed wave Doppler ultrasound should confirm a fetal 
artery, by demonstrating the heart rate of the fetus rather 
than that of the pregnant woman. Three-dimensional 
sonography may assist with making the diagnosis of a 
vasa previa,149,154 especially using 3-D power Doppler 
sonography to map out the aberrant vessels.155 The clini-
cian must be careful, however, especially when using 
color or power Doppler ultrasound, not to equate iden-
tification of the umbilical cord in the lower uterine 
segment or overlying the cervix with a vasa previa. The 
cord could be free floating in this area, termed a funic 
presentation, and not a vasa previa (Fig. 44-35). Careful 
attention to detail, using movement of the probe or 
follow-up sonography, may be necessary to reach the 
correct diagnosis.156

PLACENTA DURING LABOR  
AND POSTPARTUM

Third Stage of Labor

Ultrasound may have some role during the third stage 
of labor, the time from delivery of the neonate to delivery 

The insertion of the umbilical cord into the mem-
branes leads to the unsupported coursing of the umbili-
cal vessels to the placental disc and many complications. 
Wharton’s jelly supports and protects the umbilical 
vessels in the umbilical cord. With the vessels in the 
membranes, no Wharton’s jelly is present, leading to 
increased risk of compression or even rupture of these 
vessels. Intrapartum fetal heart rate patterns show more 
variable decelerations and no accelerations with vela-
mentous cord insertions during the first and second 
stages of labor compared to controls.147 Increasing length 
of the unsupported membrane vessels is associated with 
increasing rates of abnormal heart rate patterns, as is the 
umbilical cord insertion being in the lower portion 
rather than the middle or upper portion of the uterus.147 
Nonreassuring fetal heart rate patterns and emergency 
cesarean deliveries are more frequent with velamentous 
cord insertions in the lower third than in the middle or 
upper third of the uterus.147

Because velamentous cord insertions are typically 
located low in the uterus, transvaginal sonography can 
be critical to making this diagnosis.

Vasa Previa

Vasa previa is the situation where the umbilical cord 
vessels overlie the internal cervical os (Fig. 44-34; Video 
44-6). Because these are fetal vessels, even a small amount 
of blood loss can lead to fetal death. High-risk situations 
that require specific exclusion of vasa previa include vela-
mentous umbilical cord insertions in which the mem-
branous fetal umbilical vessels can traverse the internal 
cervical os somewhere along their length. Marginal 
umbilical cord insertions, especially those with aberrant 
vessels within the membranes, also are associated with 
vasa previa.149 Presence of bilobed placentas150 or the 
more common succenturiate lobes151 requires that a 
vasa previa be excluded, given the potential for a poor 

FIGURE 44-33. Marginal cord insertion. Color 
Doppler sonogram shows the umbilical cord inserting into the 
edge of the placenta (arrow).
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and the placenta.159 The manner in which the placenta 
separates varies, based on prior cesarean delivery and a 
prolonged second stage of labor.160

Retained Products of Conception

Women with suspected retained products of conception 
(RPOC) typically present with abnormal bleeding. 
RPOC are most common after second-trimester sponta-
neous abortion, extreme preterm birth, medical termina-
tion of pregnancy, and unsuspected placenta accreta. 
RPOC are suggested when an echogenic endometrial 
mass is visualized within the uterine cavity (Fig. 44-36). 
This mass may extend into the myometrium161 and can 

of the placenta. A prolonged third stage, with the pla-
centa retained, has various etiologies. If the placenta does 
not separate, a placenta accreta could be present.54 A 
prolonged third stage may also be caused by retention of 
a detached placenta from poor contractility or atony of 
the uterus, sometimes from infection. These abnormali-
ties are treated differently, and ultrasound may help dif-
ferentiate the various causes of a prolonged third stage 
of labor and lead to improved patient care.157

The mechanism of placental separation has been 
reported using gray-scale sonography.158 Color Doppler 
ultrasound provides information on the phases of pla-
cental separation during the third stage of labor by spe-
cifically assessing blood flow between the myometrium 

FIGURE 44-34. Vasa previa. A, Transvaginal sonogram of a vasa previa using color and pulsed wave Doppler ultrasound. The gate 
is at the level of the internal cervical os. A fetal arterial pulse wave is shown. B, In another patient, transvaginal color Doppler sonogram 
shows the umbilical cord inserting into the membranes, consistent with a velamentous cord insertion. Long arrow shows the cord inser-
tion at the level of the internal cervical os; short arrow indicates placenta. C, In a different patient, transvaginal power Doppler sonogram 
shows vessels between two lobes of a bilobed placenta; arrow indicates internal cervical os. D, Transabdominal color and pulsed Doppler 
sonogram shows a low placenta with a fetal artery traversing the internal cervical os.

A B

C D
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FIGURE 44-35. Funic presentation. Transvaginal ultra-
sound of a single loop of normal umbilical cord, free floating and 
overlying the internal cervical os. The cervix is indicated by the 
calipers. The three vessels of the umbilical cord are seen in cross 
section.

A

C

B

FIGURE 44-36. Retained products of conception. 
A, Transabdominal sonogram shows a heterogeneous area of echo-
genic tissue in the endometrial cavity. B, Transvaginal color 
Doppler sonogram in a different patient shows vascularization of 
an endometrial mass. C, Transvaginal sonogram in another patient 
shows a calcified endometrial mass. In each case, the mass has 
retained products of conception.
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be differentiated from blood clot when flow is demon-
strated. However, lack of flow does not exclude RPOC. 
Care should be taken not to mistake vascularized RPOC 
for a uterine arteriovenous malformation, because prom-
inent flow can be seen in RPOC.161 Calcifications in the 
endometrial mass are highly suggestive of RPOC. These 
calcifications present normal placental maturation that 
occurred during pregnancy.

CONCLUSION

Multiple abnormalities associated with placental devel-
opment and function can be identified by prenatal 
sonography. Sonographers and sonologists need to 
understand the basic anatomy and physiology of the 
placenta so that abnormal findings on prenatal sonogra-
phy can be acknowledged, to achieve the best possible 
outcome for mother and neonate.
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PRETERM BIRTH

Preterm birth (PTB), defined as delivery before 37 weeks 
of gestation, occurs in 5% to 11% of all pregnancies, 
with a range as low as 4.5% in Ireland and as high as 
15% in the United States, attributable to geographic, 
socioeconomic, and racial disparities.1-3 PTB is the 
leading cause of neonatal morbidity and mortality not 
attributable to congenital anomalies or aneuploidy. If an 
infant is born preterm, the risk of death in the first year 
of life is 40-fold greater compared with an infant born 
at term.1

Immediate consequences of PTB include respiratory 
distress, intraventricular hemorrhage, sepsis, and reti-
nopathy of prematurity.1 In the long term, infants born 
preterm represent half the children with cerebral palsy, 
one third of those with abnormal vision, one quarter of 
those with chronic lung disease, and one fifth of children 
with mental retardation.1,4,5 The morbidity of prematu-
rity persists to adulthood, with an increased incidence of 
behavioral problems, lower levels of educational achieve-
ment, reduced rates of reproductive success (with inci-
dence of both conception and live birth adversely 
affected), and an increased incidence of second-genera-
tion PTB.6-8 The impact of prematurity extends beyond 
the individual and the family, with the average cost of a 
stay in a Canadian neonatal intensive care unit (NICU) 
about $9700, but in excess of $117,000 if the birth 
weight is less than 750 g.1,9,10

The risk of prematurity persists in subsequent preg-
nancies, with a twofold increased risk in the next preg-
nancy and up to 50% risk of PTB if the woman has 
experienced two or more prior PTBs.1 Given the sub-
stantial and far-reaching impact of preterm birth, it is 
important to recognize patients at increased risk of spon-
taneous preterm birth (SPTB), such that therapeutic 
interventions can be implemented to improve neonatal 
outcome.

About 85% of preterm delivery occurs spontaneously 
and is traditionally classified as one of three discrete 
events: preterm labor (uterine activity with coordinated 
cervical effacement and dilation), preterm premature 
ruptured membranes (ruptured fetal membranes in the 
absence of uterine activity and cervical change), or cervi-
cal incompetence (cervical dilation in the absence of 
uterine activity).1,11,12 Cervical incompetence can be 
further defined as either a mechanical failure of the 
cervix to remain closed against the increasing intrauter-
ine expansion or as a functional failure, with premature 
activation of the events of cervical ripening (dilation and 
effacement) that normally occur at term.11 Although cat-
egorized in this manner, spontaneous prematurity is best 
described along a continuum of biologic events leading 
to early delivery, given that the biochemical mediators 
that effect uterine contractions, fetal membrane disrup-
tion, and cervical ripening are similar: prostaglandins, 
the metallomatrix proteases and their inhibitors, and  
the families of proinflammatory and anti-inflammatory 
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to scan the cervix. Longitudinal scans are obtained with 
the transducer angled downward from just below the 
umbilicus. The cervix may assume a more vertical orien-
tation and appear bulkier (Fig. 45-2). Difficulty in 
identifying the external os could contribute to error in 
cervical length measurement.

Visualization of the cervix can be difficult because of 
large maternal habitus or an engaged position of the fetal 
head. As the third trimester approaches, fetal and mater-
nal size impairs visualization of the cervix in about 30% 
of patients.14-18 Regardless of the gestational age, there is 
relatively poor reproducibility of transabdominal mea-
surement of the cervix. TAS is a useful screening tool to 

cytokines.1,12 As such, the events of prematurity often 
overlap; in particular, cervical change can precede fetal 
membrane rupture and uterine contractions, although 
the cervix may not be functionally or mechanically 
incompetent.

Evaluation of the cervix has been used as a tool to 
predict SPTB based on the concept that the cervix acts 
as an anatomic marker of the underlying pathologic pro-
cesses leading to a premature delivery. Digital examina-
tion of the cervix measures only the length from the 
external cervical os to the cervical-vaginal junction, not 
the intra-abdominal cervical-isthmus portion of the 
cervix. Therefore, digital examination underestimates 
cervical length by a mean difference of 12 mm in more 
than 80% of women in the second and third trimesters 
compared with sonography.13 The traditional approach 
to evaluation of the cervix has been by sonographic visu-
alization. This chapter reviews the techniques of uterine 
cervix sonography and its relationship with preterm birth 
prediction.

SONOGRAPHY OF  
THE UTERINE CERVIX

Sonographic visualization and appropriate measure-
ments of the uterine cervix may facilitate the diagnosis 
and management of the patient at increased risk of 
SPTB. For this reason, evaluation of the maternal cervix 
is an integral part of the comprehensive obstetric  
ultrasound examination. There are three approaches  
to scanning the cervix: transabdominal, transperineal 
(translabial), and transvaginal. Each approach has advan-
tages and limitations for different clinical scenarios.

Transabdominal Approach

Transabdominal sonography (TAS) of the cervix is per-
formed during the standard second- and third-trimester 
obstetric ultrasound examinations and is used as a routine 
screening tool for cervical length. The examination 
usually requires a full urinary bladder (typically 45-60 mm 
in diameter) to create an acoustic window.14-18 Longitu-
dinal scanning is initiated in the midline of the lower 
abdomen, just above the symphysis pubis, using a trans-
ducer with a frequency of 3 MHz or higher.14-18 When 
the endocervical canal comes into view, a slight adjust-
ment or angulation of the transducer may be necessary 
to visualize the entire canal from the internal to external 
os (Fig. 45-1). Measurement of cervical length is affected 
by overdistention of the urinary bladder. Increased 
bladder pressure can compress the lower uterine segment 
and falsely elongate the cervix or mask cervical dilation.17 
Cervices less than 2 cm in length cannot be easily visual-
ized against the vaginal and bladder tissue.17

In the second trimester, if the urinary bladder is 
empty, amniotic fluid can be used as an acoustic window 

FIGURE 45-1. Normal cervix. Transabdominal full-bladder 
technique. Longitudinal midline image of the cervix. The cervical 
canal is seen from the internal os (arrowhead) to the external os 
(arrow). B, Bladder.

B

FIGURE 45-2. Normal cervix. Transabdominal empty-
bladder technique. Longitudinal midline image of the cervix 
obtained by scanning through the amniotic fluid. The cervical 
canal is indicated by calipers.
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supine and hips abducted, an endovaginal transducer 
(5-MHz or higher frequency) is placed in the vagina and 
oriented in a longitudinal plane. The probe is inserted 
until the cervix comes into view. Usually, the transducer 
is inserted only 3 to 4 cm into the vagina to avoid 
contact with the cervix so that the images will have the 
cervix within the effective focal range of the transducer 
(Fig. 45-4). Depending on the position of the cervix in 
the vagina, the probe may need to be moved anteriorly, 
posteriorly, and/or laterally.26,27

To ensure measurement of the cervical length is repro-
ducible, the following standardized criteria have been 
developed28:
1. The entire echogenic cervical canal should be seen.
2. The internal os should be flat or should have a 

V-shaped notch;

identify patients at increased risk of SPTB but should 
not be used for the evaluation of patients previously 
determined to be at increased risk of SPTB.

Transperineal/Translabial Approach

Transperineal sonography is useful in patients for whom 
the cervix cannot be visualized by TAS or if vaginismus 
prevents the transvaginal approach. Scanning is per-
formed with an empty urinary bladder. An abdominal 
transducer with a frequency of 3 MHz or higher can be 
used.19-22 To minimize the risk of transmission of infec-
tion, the transducer is covered with plastic wrap or a 
glove and then lubricant gel. With the patient supine 
and hips abducted, the transducer is placed between the 
labia minora at the vaginal introitus. The ultrasound 
beam is oriented in a sagittal plane along the direction 
of the vagina. The vagina is seen in a vertical plane 
between the bladder and the rectum (Fig. 45-3). The 
cervix is oriented horizontally, at a right angle with the 
vagina. The full length of the cervical canal can be visual-
ized in 86% to 96% of patients with this technique.20,21 
However, the region of the external os can be obscured 
by rectal gas or the symphysis pubis, and reproducibility 
of the measurements is poor.23-25 As such, the transperi-
neal approach is not used for measuring cervical length 
in the patient at increased risk of SPTB.

Transvaginal Sonography

Transvaginal sonography (TVS) of the cervix is the  
reference-standard technique for accurate determination 
of the dimensions and characteristics of the uterine 
cervix.26,27 The examination is performed with an empty 
urinary bladder. A gynecologic table fitted with stirrups 
is preferred, although the examination can be carried out 
with the patient’s hips elevated on a thick cushion or 
wedge. With the patient in a dorsal lithotomy position, 

FIGURE 45-3. Transperineal scan of normal cervix. 
The cervix (calipers) is oriented horizontally, approximately per-
pendicular to the ultrasound beam. The vagina (V) is oriented in 
a nearly vertical plane. B, Bladder; R, rectum.

B

V

R

FIGURE 45-4. Transvaginal scan of normal cervix. A, Suggested placement of cursors for measuring cervical length. 
B, Normal cervical glandular area. The cervical canal is seen as an echogenic line (arrow) surrounded by a hypoechoic zone resulting from 
endocervical glands.

A B
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FIGURE 45-5. Uterine contractions. A, Transabdominal longitudinal image shows contraction (*) leading to a falsely elongated 
cervical canal (calipers), which measures 7.4 cm. B, After relaxation of the contraction, the cervix (calipers) measures 4.2 cm; 
P, placenta.

A B

P

*

*

P

3. The external os should have a dimple or a 
triangular area of echodensity.

4. The distance from the surface of the anterior lip to 
the cervical canal should be equal to the distance 
from the posterior lip to the canal (a difference in 
the width of the anterior and posterior lips indicates 
too much pressure on the cervix, which could 
falsely increase the measurement).

5. The distance between the internal and external os 
should be measured over a minimum of 3 minutes 
with an average of three measurements.26,29

It is recommended that one first obtain a satisfactory 
image of the cervix, then withdraw the probe until the 
image is blurred, and finally, reapply only enough pres-
sure to restore the image. This repositioning of the trans-
ducer avoids the error of falsely elongating the cervix 
with too much pressure of the probe on the cervix ante-
riorly. When the cervix appears curved, the cervical 
length should be measured as a sum of individual mea-
surements rather than a line of “best fit,” which under-
estimates the full length by up to 3 mm if the cervix is 
longer than 25 mm. Using these standard criteria, the 
intraobserver and interobserver variations are as low as 
3.5 mm and 4.2 mm, respectively.26,27

The transvaginal technique is superior to the transab-
dominal technique. Higher-frequency transducers and 
closer proximity to the structures studied allow for better 
resolution. Potential complications of TVS include an 
increased risk of bleeding in the presence of placenta 
previa; induction of uterine activity in women with cer-
vical shortening caused by cervical stimulation, and cho-
rioamnionitis in the presence of ruptured membranes. 
However, Odibo et al.30 did not demonstrate a relation-
ship between chorioamnionitis or neonatal sepsis with 

sterile TVS after preterm premature rupture of mem-
branes (PPROM).

To date, transvaginal assessment of cervical length by 
three-dimensional (3-D) sonography has been limited to 
the development of a normal distribution curve of cervi-
cal length through gestation. Overall, mean cervical 
length appears to be longer than the measurement by 
traditional 2-D scanning. However, there appears to be 
high intra/interobserver variability.31 Currently, there are 
no reported studies of the relationship between 3-D TVS 
and SPTB prediction.

Technical Limitations and Pitfalls

The technical limitations and pitfalls associated with 
cervical sonography are outlined in Table 45-1. Uterine 
contractions can falsely elongate the cervix (Fig. 45-5) or 
cause pseudodilation (or hourglass appearance).

Normal Cervix

Sonographically, the cervix appears as a distinct, soft 
tissue structure containing midrange echoes. The endo-
cervical canal often appears as an echogenic line 
surrounded by a hypoechoic zone attributed to the  
endocervical glands (see Fig. 45-4, B). Occasionally, the 
endocervical canal may appear hypoechoic and mini-
mally dilated along its entire length. Benign nabothian 
cysts can be seen within the cervical soft tissues.

Numerous studies have evaluated cervical length in 
normal pregnancy. The typical cervix increases its length 
in the first trimester because of elaboration of the glan-
dular content of the cervix.27 Gramellini et al.27 pub-
lished a reference curve of cervical length through 
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distributed, with a mean ±SD of 35.2 ± 8.3 mm at 24 
weeks and 33.7 ± 8.5 mm at 28 weeks. A correlation 
between cervical length and the rate of SPTB was deter-
mined (Fig. 45-7); if the cervix was less than 26 mm 
(10th centile) or less than 13 mm (1st centile), risk of 
SPTB was increased by 6.49-fold and 13.99-fold, respec-
tively, compared with the rate of SPTB if the cervix was 
at the 75th percentile length (40 mm) or greater.29 Based 
on this landmark study, the definition of a “short 
cervix” as less than 25 mm (or <10th centile length at 
24-28 weeks) was accepted (Fig. 45-8).

Since then, more than 50 studies of TVS evaluation 
of the cervix and the risk of SPTB have been published. 
In 2003, Honest et al.32 conducted a meta-analysis 
of 46 studies (including >31,000 asymptomatic single-
ton patients) and concluded that the utility of TVS 
assessment of cervical length for the prediction of SPTB 
varies with the gestational age at assessment and the 
definition of SPTB (birth before gestational age <32 
weeks, <34 weeks, or <37 weeks). To summarize, the 
earlier in gestation, the shorter the cervix, the greater is 
the risk of SPTB, with the best predictive value when 
cervical length measures less than 25 mm and SPTB is 
defined as delivery before 34 weeks’ gestation (Table 
45-2).

However, it should be recognized that the previous 
studies assessed cervical length at or before 28 weeks’ 
gestation. Several reports have demonstrated no predic-
tive value of TVS measurement of the cervix beyond  
30 weeks of gestation for any definition of SPTB,  
likely because the cervix undergoes a gradual shortening 
process beyond this gestational age regardless of the 
timing of delivery.

The controversial aspect of TVS assessment of cervical 
length and the prediction of SPTB remains, that not all 
patients with a defined “short” cervix at any gestational 
age will deliver preterm. TVS is a reasonable tool for 
identifying patients who will deliver at or close to term 
with good negative predictive value. However, greater 
than 50% of patients with a cervical length less than 

gestation in both nulliparous and multiparous patients 
using TVS (Fig. 45-6). At about 20 weeks’ gestation, at 
the fetal anatomic survey, the 10th, 50th, and 90th 
percentiles of cervical length are 40, 47, and 53 mm, 
respectively, regardless of parity. A progressive linear 
reduction in cervical length occurs over the 10th to 40th 
week of gestation.

“Short” Cervix

With the goal of understanding the relationship between 
cervical length and SPTB (delivery before 35 weeks’ 
gestation), in 1996, Iams et al.29 conducted a prospec-
tive, multicenter study in which an unselected general 
population of women with singleton pregnancies under-
went TVS at 24 and 28 weeks’ gestation. Cervical length 
at both examinations was comparable and normally  

FIGURE 45-6. Relationship between cervical length 
and gestational age in normal pregnancy. Straight 
lines indicate 10th, 50th, and 90th percentiles. (From Gramellini 
D, Fieni S, Molina E, et al. Transvaginal sonographic cervical length 
changes during normal pregnancy. J Ultrasound Med 2002;21:227- 
232.)
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TABLE 45-1. CERVICAL SONOGRAPHY: TECHNICAL LIMITATIONS AND PITFALLS

TRANSABDOMINAL TRANSPERINEAL TRANSVAGINAL

Technical Factors
Presenting part ++ − −
Large maternal habitus ++ + −
Limited field of view − + ++
Poor depth penetration* − − +
Bowel gas − + −
Gas in vagina − ++ +

Pitfalls
Overdistended bladder elongates cervix + − −
Contractions + + +
Cervical fibroid + + +

Visualization of Internal os in Third Trimester
70% 86% 99.5%

*Caused by high-frequency transducer.
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25 mm measured at 20 weeks will deliver beyond 34 
weeks’ gestation.29,32 Several studies have attempted to 
improve the predictive value of TVS by combining with 
other factors, including obstetric history and the concen-
tration of fetal fibronectin in cervicovaginal secretions, 
to create a risk assessment formula.

PREDICTION OF SPONTANEOUS 
PRETERM BIRTH

Obstetric Factors

Celik et al.33 presented a model to evaluate the ability 
of combinations of maternal demographics (age, race, 
weight, height, smoking status, history of cervical 
surgery, obstetric history) and cervical length between 20 
and 24 weeks’ gestation for prediction of SPTB in about 

TABLE 45-2. PREDICTION OF SPONTANEOUS PRETERM BIRTH (SPTB) BASED ON 
GESTATIONAL AGE (GA) AT CERVICAL LENGTH MEASUREMENT (<25 MM)*

GA AT 
DELIVERY

GA at Measurement

<20 WEEKS 20-24 WEEKS 24-28 WEEKS >28 WEEKS

<32 weeks 4.1 (1.6-10.1) 4.19 (2.6-6.7) No data No data
<34 weeks 6.2 (3.2-12.0) 4.40 (3.5-5.4) 4.0 (3.1-5.2) No data
<37 weeks 8.7 (3.8-19.9) 25.6 (8.5-76.7) 3.1 (1.1-8.9) No data

*Data presented as odds ratio ±95th percentile confidence intervals.

Modified from Honest H, Bachmann LM, Coomarasamy A, et al. Accuracy of cervical transvaginal sonography in predicting preterm birth: a systematic review. Ultrasound 
Obstet Gynecol 2003;22:305-322.

FIGURE 45-7. Cervical length and risk of 
preterm delivery percentile ranking. Trans-
vaginal ultrasound cervical length percentile rank, at 24 
weeks’ gestation, and relative risk of preterm delivery 
before 35 weeks. (From Iams JD, Goldenberg RL, Meis 
PJ, et al. The length of the cervix and the risk of spontaneous 
premature delivery. N Engl J Med 1996;334:567-572.)
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FIGURE 45-8. Schematic of abnormal cervix. Length 
of the closed cervical canal (L) and the presence or absence of 
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by ultrasound, because FFN positivity increases as cervi-
cal length decreases.35-37

Cervical Width and Funneling

The cervical width is obtained by measuring the antero-
posterior (AP) diameter of the cervix at the midpoint 
between the internal and external cervical os. This 
dimension increases with gestational age, and nomo-
grams exist for cervical width from 10 to 37 weeks’ gesta-
tion.39,40 In practice, this measurement is not widely used 
for diagnosis.

Much controversy surrounds the utility of measuring 
the cervical “funnel,” defined as the dilation of the 
internal os and the herniation of the fetal membranes 
into the cervical canal (Figs. 45-9 and 45-10; Video 
45-1). To et al.41 reported that funneling of the internal 
os was present in 4% of all pregnancies; the shorter the 
cervix, the greater the rate of funneling, with 98% preva-
lence if the length was less than 15 mm and only 1% if 
greater than 30 mm. The rate of SPTB was increased in 
pregnancies demonstrating cervical funneling. However, 
funneling did not provide any significant contribution 
to the prediction of SPTB when combined with cervical 
length.42,43 As an isolated finding compared with cervical 
length, length measurements have a better predictive 

59,000 women with singleton pregnancies. The best pre-
diction for SPTB was provided by cervical length alone, 
which was improved by adding obstetric history but not 
maternal characteristics. The estimated detection rates 
for extreme (<28 weeks), early (28-30 weeks), moderate 
(31-33 weeks), and mild (34-36 weeks) PTB by combin-
ing obstetric history and cervical length were 80.6%, 
58.5%, 53.0%, and 28.6%, respectively, with a 10% 
false-positive rate. These data suggest that the combined 
screening model has better predictive value than either 
factor alone; similar findings in smaller-scale studies have 
been reported.34

Fetal fibronectin (FFN) is a glycoprotein that binds 
the amniochorion to the decidua and is released into 
cervicovaginal fluid in response to inflammation or sepa-
ration of amniochorion from the decidua. In one study, 
23% of symptomatic patients with FFN detected in the 
cervicovaginal fluid delivered within 7 days of the test, 
compared with 2% with a negative FFN, prompted 
several authors to evaluate the combination of short 
cervix and a positive FFN test in high-risk and low-risk 
patients.35-38 In both low-risk women and women at 
increased risk for SPTB (based on maternal demograph-
ics and obstetric history), presence of FFN in the cervi-
covaginal secretions does not improve the ability to 
predict preterm birth, beyond that prediction available 

FIGURE 45-9. Schematic of normal cervix and cervical funnel shapes. A, The normal closed internal os and the cervi-
cal canal appear T shaped. B, C, and D, Different stages of funneling resemble the letters Y, V, and U.
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3. A rounded myometrium surrounds the dilated 
portion of the “cervix.”
With repeat scanning after the contraction relaxes, the 

appearance will return to normal. Pseudodilation is not 
correlated with prediction of SPTB.

Rate of Cervical Change

In their meta-analysis, Honest et al.32 correlated a single 
measurement of cervical length at a single time point in 
gestation with the risk of SPTB. However, the events of 
prematurity occur along a continuum and likely develop 
over an as-yet undefined and variable period. Therefore, 
progressive shortening of the cervix may be more 

value than funneling. In addition, the shape or size  
of the funnel was not correlated to SPTB. As such,  
funneling is best reported as a categorical variable 
(present or absent) and best interpreted in the context 
of overall cervical length and obstetrical history.

Pseudodilation of the cervix, an apparent short and 
dilated cervix, is caused by contraction of the lower 
uterine segment during the ultrasound scan (Fig. 45-11). 
Pseudodilation can be distinguished from true cervical 
shortening by the following criteria44:
1. The cervical length is greater than 5 cm in total 

length.
2. A length of opposed cervical tissue can be seen 

distal to the dilated portion.

FIGURE 45-10. Normal cervix and cervical funneling. A, Transvaginal scan of normal cervix, showing a T-shaped closed 
internal os. B, C, and D, Transvaginal scan shows different stages of herniation of membranes, which resemble the letters Y, V, and U. 
Calipers denote closed cervical length. In D, with the U configuration, there is no closed cervix, and the fetal lower extremities are herniat-
ing into the cervix. H, Fetal head.
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with a single cervical measurement at 16 to 18 weeks. 
Similarly, in women at increased risk of SPTB (based on 
obstetric history), if cervical length remained stable from 
12 to 20 weeks and greater than 25 mm, all patients 
delivered at term.47 For women in whom cervical length 
became serially shorter (ultimately <15 mm) and the 
decrease in length occurred before 20 weeks, each patient 
was offered and accepted a cervical cerclage, and all 
delivered after 30 weeks’ gestation. Groom et al.48 and 
Szychowski et al.49 reported similar results. These studies 
suggest three important caveats, as follows:
1. Serial cervical assessment is important to predict 

SPTB;
2. Progressive cervical shortening in patients at 

increased risk begins before the typical timing of 
routine cervical assessment at the second-trimester 
fetal anatomic scan, advocating for initiation of 
serial cervical assessment early in the second 
trimester.

3. Serial cervical shortening in the second trimester 
may identify patients with true mechanical failure 
of the cervix, who may benefit from the placement 
of a cerclage to prevent SPTB.

Dynamic Cervical Change

A dynamic cervix is defined as having spontaneous 
shortening, lengthening, or funneling observed during 
real-time TVS50 (Fig. 45-12). However, the value of a 
dynamic cervix for the prediction of SPTB has not been 
clearly defined. In asymptomatic women with a history 
of SPTB, the presence of dynamic cervical shortening 
did not improve the predictive value of absolute cervical 
length for SPTB, but it was associated with progressive 
cervical shortening.51 However, patients with uterine 
contractions had a greater incidence of dynamic cervical 

important than a single abnormal cervical length mea-
surement. A “short and shortening” cervical length may 
be a more effective tool for SPTB prediction than  
a “short but stable” cervical length. In a cohort of 
unselected patients, Naim et al.45 demonstrated that if 
cervical length decreased on serial scans, the odds ratio 
(OR) for SPTB increased 6.8-fold per unit of change 
(one unit = decline of 10 mm per month). In women at 
increased risk of preterm birth, Owen at el.46 reported 
that serial measurements up to 24 weeks’ gestation sig-
nificantly improved the prediction of SPTB compared 

FIGURE 45-11. Pseudodilation caused by uterine 
contractions. Transabdominal longitudinal scan shows a 
lower uterine segment contraction (asterisks) leading to a false 
appearance of dilated cervical canal. The closed cervix (calipers) 
measures 3.5 cm.

*
*

FIGURE 45-12. Dynamic dilation of the cervix, transvaginal ultrasound. A, Initially, the internal os is closed (arrow-
head). B, Image obtained 30 seconds later shows funneling of the internal os (arrowheads). The residual closed cervix (calipers) measures 
12 mm. H, Fetal head.
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SPTB.54 The cervical glandular area is a hypoechoic 
zone that runs along the length of the cervical canal (see 
Fig. 45-4, B). In 388 unselected women, an absent cervi-
cal glandular area at 21 to 24 weeks’ gestation predicted 
SPTB before 35 weeks (odds ratio of 129), suggesting a 
strong association.55

“Sludge” or debris can be observed in the amniotic 
fluid immediately above the cervical canal (Fig. 45-13). 
Samples of the sludge in patients with impending 
preterm delivery have been aspirated under ultrasound 
guidance, and the microbiologic examination reveals 
clusters of inflammatory cells and bacteria. Presence of 
sludge is an independent risk factor for SPTB, preterm 
PROM, increased concentration of microbes within the 
amniotic fluid and histologic chorioamnionitis in asymp-
tomatic patients at high risk for spontaneous preterm 
delivery. Furthermore, the combination of “sludge” and 
a short cervix conferred a greater risk for SPTB than a 
short cervix alone.56,57

CERVICAL ASSESSMENT IN 
SPECIFIC CLINICAL SCENARIOS

General Obstetric  
Population Screening

The disadvantages of routine general population screen-
ing are twofold: (1) a low sensitivity of the test and the 
low prevalence of preterm deliveries in a low-risk popula-
tion, and (2) an effective tool for the prevention of SPTB 
for all patients determined to be at risk has not yet been 
determined. Women with no risk factors for SPTB (the 
general obstetric population) have a low prevalence of 
preterm birth of 4%, and in this low-risk group, Iams  

change than asymptomatic patients.51 In both clinical 
scenarios, the minimal closed cervical length, not the 
“dynamic change,” was the better predictor of SPTB.

Several noninvasive stress techniques have been sug-
gested to elicit cervical change and improve the ability of 
TVS to predict cervical incompetence. These stressors 
include transfundal pressure (pressure applied at the 
fundus for 15 seconds that elicits >5 mm in cervical 
length shortening), standing, and coughing. Several small 
studies found that transfundal pressure was the most 
effective tool in cervical assessment and the most sensitive 
tool to predict progressive cervical shortening.52,53

Other Sonographic Features

Several sonographic features other than cervical length 
have been studied to predict SPTB, including canal dila-
tion, absence of the glandular area along the length of 
the canal, and amniotic fluid debris. Each feature is 
associated with an increased risk of preterm birth inde-
pendent of cervical length. Cervical canal dilation of 2 
to 4 mm was associated with a 5.5-fold increased risk of 

FIGURE 45-13. Dilated cervical canal. A, Transabdominal longitudinal scan shows an open cervical canal (arrow). This is an 
indication for further evaluation. B, Subsequent transvaginal scan demonstrates bulging amnion (arrow) into the proximal vagina; H, fetal 
head; asterisk indicates amniotic fluid “sludge” or potentially the mucus plug.
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ABNORMAL FINDINGS ON 
TRANSVAGINAL SONOGRAPHY (TVS)*

Shortest closed cervical length less than 25 mm
Presence of funneling
Presence of positive response to fundal pressure
Presence of amniotic fluid debris (“sludge”)
Shortening of 8 to 10 mm since previous TVS

*Gestational age less than 30 weeks.
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also present. For a cervical length less than 25 mm at 22 
to 24 weeks of gestation in a woman with a previous 
preterm birth, the relative risk was approximately 10-fold 
greater than that of women in the unselected population. 
Berghella et al.43 demonstrated that the risk of recurrent 
SPTB varies with the gestational age at the time of mea-
surement and the total length of cervix, but is not 
affected by the number of previous preterm births or the 
gestational age at delivery of the previous PTB. The risk 
SPTB was decreased by 5.5% per week of gestation 
gained and by 6.0% per mm increase in cervical length. 
Most recently, Crane et al.60 performed a systematic 
review of 14 studies involving 2258 asymptomatic high 
risk women. In women with previous SPTB, for cervical 
length <25 mm, the likelihood ratios for SPTB were 4.3 
and 2.8, when gestational age at assessment was <20 
weeks and 20-24 weeks respectively. Since then, Seaward 
et al.61 found limited utility of cervical length after 24 
weeks’ gestation in 75 high-risk patients; cervical length 
less than 25 mm or less than 15 mm measured at 24 to 
30 weeks did not predict SPTB (defined as either <32 
or <35 weeks’ gestation) or adverse perinatal outcome. 
As discussed previously, the rate of cervical change may 
be a better predictive tool to identify those at greatest 
(and conversely lower) risk.

Multiple Gestations

Twin and higher-order multiple gestations are at 
increased risk of SPTB; 50% of twin gestations deliver 
before 35 weeks of gestation, and the mean gestational 
age for a triplet gestation is 32 weeks. Several studies 
have attempted to define individual patient risk by using 
TVS assessment of the cervix. For the twin gestation, 
when measured at 20 to 22 weeks, both length less than 
25 mm and presence of funneling were predictive of 
SPTB; but at 27 weeks, only length less than 25 mm 
predicted SPTB.62-65 The likelihood ratio of SPTB for 
cervical length less than 25 mm was 5.4-fold, but if the 
cervix measured greater than 30 mm, rate of SPTB was 
as low as 4%. For the triplet gestation, using the same 
cutoff length of less than 25 mm, a positive predictive 
value of 83% for SPTB was reported when the cervix 
was measured at 14 to 20 weeks’ gestation.62-65

Uterocervical Anomalies  
and Cervical Surgery

Previous cervical surgery (cone biopsy or laser excisional 
therapy) and a known uterine or cervical congenital 
anomaly (uterine didelphys, bicornuate uterus, or DES 
exposure in utero) are factors that significantly increase 
the risk of SPTB. Several authors have sought to deter-
mine if the cutoff cervical length value of less than 
25 mm provides the best predictive for SPTB for women 
with known congenital uterine anomalies. As expected, 
women with a unicornuate uterus had the shortest mean 

et al.29 and more recent studies have failed to show a high 
sensitivity or positive predictive value for SPTB when 
the cervical length measurement was less than 25 mm at 
either 24 or 28 weeks’ gestation.29 Poor sensitivity of 
TVS cervical length assessment results in cervical length 
cutoff values being set at a very low level (<15 mm) in 
order to obtain acceptable specificity. Randomized con-
trolled studies of cerclage placement in low-risk women 
identified with a “short cervix” have clearly demonstrated 
no benefit of the cerclage for the prolongation of preg-
nancy in this clinical scenario.58 In 250 unselected 
women identified as having a cervix less than 25 mm at 
20 to 24 weeks’ gestation, progesterone therapy reduced 
but did not eliminate the rate of SPTB, from 32% to 
19%, compared with placebo.59 Antibiotic therapy and 
bed rest clearly have no effect on the rate of SPTB in 
women with a “short cervix.”1

In summary, no intervention has been proven to 
decrease SPTB in the general obstetric population, and 
therefore TVS cervical assessment in women at low risk 
of preterm birth is not justified and not currently recom-
mended as part of the routine evaluation. However, 
during TAS for routine fetal anatomy or other indica-
tions, if the closed cervical length is less than 25 mm 
before 28 weeks’ gestation, or if other findings include  
a dilated cervical canal, a ballooned fluid-filled lower 
segment with no visible cervix, or a cord or fetal part in 
the canal, further evaluation of the cervix by TVS is 
indicated (see Fig. 45-13).

TAS FINDINGS THAT INDICATE  
TVS FOLLOW-UP

Closed cervical length less than 25 mm (<28 
weeks)

Dilated cervical canal
Ballooned, fluid-filled lower segment with no visible 

cervix
Evidence of cord or fetal part in the canal

TAS, Transabdominal sonography; TVS, transvaginal 
sonography.

High-Risk Obstetric  
Population Screening

Prior Preterm Birth

Once a patient has experienced an SPTB, the risk of 
recurrence is increased twofold based on history alone. 
TVS assessment of cervical length has been suggested as 
a tool of surveillance to evaluate the risk of SPTB specific 
to the individual patient and to identify those at greatest 
risk. Iams et al.29 reported that cervical length was more 
predictive of preterm birth when other risk factors were 
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Symptomatic Patients

A patient presenting with symptoms consistent with 
preterm labor (uterine contractility, vaginal discharge  
or bleeding) is considered at increased risk of SPTB, 
although two thirds of women admitted with the diag-
nosis of threatened preterm birth deliver at term.1 
Although cervical length has been used to identify those 
women who will deliver preterm, data are limited on the 
utility of TVS cervical length measurement in the symp-
tomatic patient. Honest et al.32 summarized the risk of 
SPTB before 34 weeks’ gestation as follows: if the cervix 
measured less than 30 mm, risk increased by 1.98-fold 
if measured before 20 weeks and increased by 2.33-fold 
after 20 weeks. The presence of funneling, regardless of 
gestational age, increased the likelihood ratio to 4.7-fold. 
Alternatively, a TVS cervical length of longer than 
30 mm makes the diagnosis of preterm labor extremely 
unlikely, with a negative predictive value of 98% to 
99%. Assessment of FFN in the cervical-vaginal secre-
tions does not improve the prediction of delivery pro-
vided by cervical length evaluation alone.36 However, no 
study has examined the length of the cervix after 28 
weeks’ gestation in the symptomatic patient or evaluated 
the length of the cervix and the rate of SPTB after the 
symptoms have resolved. Extrapolation of the cervical 
length cutoff value of 25 mm should be used with 
caution in such patients.

Cervical Incompetence  
and Cervical Cerclage

Overall, cervical length has been evaluated as an ana-
tomic marker of an underlying process leading to SPTB, 
regardless of the etiology: preterm labor, premature rup-
tured membranes, or cervical incompetence. Cervical 
length assessment may have its greatest value for the 
diagnosis of cervical incompetence. Failure of the cervix 
to remain closed, in the absence of uterine activity or 
membrane rupture, occurs in 0.5% to 1.0% of all preg-
nancies, with a recurrence risk of 30%.1,11 Functional 
failure of the cervix is premature cervical ripening 
(shortening and dilation normally occurring at the end 
of gestation) and most often is related to urogenital or 
intrauterine infection or inflammation and thus has a 
low risk of recurrence. Mechanical failure of the cervix, 
defined as a defect in the structural integrity of the 
cervix, may result from traumatic injury to the cervix, 
including cervical laceration, amputation, conization, 
excessive cervical dilation before diagnostic curettage, or 
therapeutic abortion.1 It may also be associated with 
diethylstilbestrol (DES) in utero or uterine malforma-
tions. Serial cervical shortening in the second trimester 
and a positive response to fundal pressure may be used 
to unmask specific cervical mechanical incompetence 
during pregnancy.48,49,53

These patients may benefit from the placement of  
a cervical cerclage, a suture used to reinforce the 

cervical length and the highest rate of SPTB, compared 
with women with a bicornuate or septate uterus. How-
ever, the mean gestational age at delivery was typically 
greater than 30 weeks’ gestation. Using a cervical length 
cutoff of 30 mm when measured after 20 weeks, rate of 
SPTB was increased by 13-fold; at 14 to 23 weeks, if the 
cervix was less than 25 mm, rate of SPTB was as high as 
50%.66 After cervical amputation by cone biopsy or laser 
excisional surgery (LEEP), the mean cervical length is 
shorter.67 LEEP and cone biopsy therapy are associated 
with increased risk of SPTB by 3.45-fold, presumably 
from effects on cervical length and function. Again, a 
longer cervical cutoff of greater than 30 mm gave the 
best predictive value for identifying patients not at risk 
of SPTB, with a negative predictive value of 97%.

Preterm Premature Rupture  
of Membranes

Although OR for prediction of PPROM by TVS cervical 
assessment increases in relation to serial decreases in cer-
vical length less than 20 mm, the positive and negative 
predictive values for PPROM specifically are low com-
pared with the prediction of SPTB in general. TVS after 
PPROM can be performed without increased risk of 
chorioamnionitis or neonatal sepsis.30 A cervical length 
less than 20 mm was associated with a latency period of 
less than 48 hours following PPROM.30

Polyhydramnios

Given that polyhydramnios is a risk factor for SPTB, 
presumably related to uterine distention triggering of 
uterine activity or mechanical cervical incompetence, one 
small study examined the relationship among the severity 
of polyhydramnios, cervical length, and SPTB.68 A 
gradual shortening of cervical length was associated with 
advancing gestational age, but not the severity of the 
polyhydramnios. Cervical length less than 15 mm was 
associated with an earlier gestational age at delivery.

Fetal Therapy

Based on the assumption that cervical length is an ana-
tomic marker of underlying pathologic processes that 
lead to SPTB, clinicians have sought to use the cervical 
length measurement to quantify risk in patients under-
going a fetal therapeutic intervention that in itself 
increases the risk of SPTB. A cervical length less than 
30 mm at multipregnancy reduction from triplet to  
twin gestation (at <14 weeks) has a positive predictive 
value of 67% for delivery less than 33 weeks after the 
procedure.69-71 Similarly, a cervical length less than 
30 mm before laser treatment of twin-twin transfusion 
syndrome was associated with SPTB, independent of 
parity, intrauterine death of one fetus, disease severity, 
or volume of the amniotic fluid reduction as part of the 
procedure.69-71



Chapter 45 ■ Cervical Ultrasound and Preterm Birth  1539

the indication for stitch placement.61,72,73 Beyond 30 
weeks, there was no predictive value of cervical assess-
ment in women with a cerclage.

When the vaginal portion of the cervical tissue is 
absent or damaged (trachelectomy, cone biopsy, birth 
trauma), the placement of a cerclage in the vaginal com-
ponent of the cervix is not possible. Alternatively, a 
cerclage can be placed at the level of the cervicouterine 
isthmus either by laparoscopy or laparotomy. On TVS 
assessment, the echodense dots of this “abdominal” cer-
clage will be visualized close to the bladder and adjacent 
to the lower uterine segment (Fig. 45-16).

MANAGEMENT PROTOCOLS  
FOR THE ABNORMAL CERVIX

Because of improved test characteristics in women at 
increased risk of SPTB, and because interventions  
such as bed rest, cerclage, and progesterone therapy  
may have a potential benefit in the high-risk patient, 
cervical length measurement is used as a screening test 

structural integrity of the cervical canal. Alternatively, 
some practitioners will place a cerclage prophylactically 
in any patient who has delivered preterm, because of 
presumed cervical incompetence. Sonography has been 
used in the operating room to guide the placement of 
cervical cerclage, especially when the cervix is short to 
ensure that the suture material is placed within the cervi-
cal tissue and does not encroach on bladder mucosa or 
rectum. Once in place, the cervical cerclage will appear 
as one or more echodense “dots” along the length of the 
cervical canal (Fig. 45-14). Postcerclage evaluation 
includes location of the sutures in relation to both the 
internal and the external cervical os and measurement of 
the length of the closed cervical canal both above and 
below the level of the suture line. Once the cerclage has 
been placed, cervical length assessment continues to have 
value in the prediction of SPTB. Several studies reported 
that if the residual total closed cervical length after cer-
clage placement was less than 15 mm, or if “funneling 
to stitch” (open canal to level of suture line) was present 
(Fig. 45-15), the patient was at significantly increased 
risk of delivery before 32 weeks’ gestation, regardless of 

FIGURE 45-14. Cervical cerclage. Transvaginal scan dem-
onstrates a closed cervix that measures 28 mm (calipers). The 
cerclage sutures (arrows) appear hyperechoic. H, Fetal head.

H

FIGURE 45-15. Funneling after cervical cerclage. A, Transvaginal scan demonstrates mild protrusion of the membranes. 
There is 10-mm closed cervix (calipers) above the sutures (arrows). B, Transvaginal scan demonstrates protrusion of the membranes to the 
level of the sutures (arrows). The residual closed cervix measures 10 mm (calipers). C, Transvaginal scan demonstrates protrusion of the 
membranes beyond the sutures (arrows). H, Fetal head; asterisk indicates amniotic fluid sludge.

+ ++
+
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FIGURE 45-16. Abdominal cervical cerclage. Trans-
vaginal longitudinal scan demonstrates hyperechoic sutures 
(arrows) at the internal os in this woman with a history of incom-
petent cervix. The cervix is closed and long, measuring 4.5 cm 
(calipers).
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cervical glandular area, and amniotic fluid debris. Cervi-
cal length should not be used as a screening tool for the 
general obstetric population but reserved for patients at 
increased risk of SPTB because of history, symptoms, or 
pregnancy complications or interventions. The cervical 
length cutoff of 25 mm at 20 to 28 weeks provides the 
best predictive values for SPTB before 34 weeks. A 
“short” (<25 mm) cervical length is not a diagnosis of 
impending SPTB, but rather a tool to quantify the 
increased risk of such an event.
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CONCLUSION

Ultrasound has made dramatic progress since its 
infancy and has evolved into an indispensable tool in 
the care of high-risk pregnancies. Advances in genetics 
and perinatology have increased the information avail-
able in the care of the fetus. Advances in aneuploidy 
risk assessment now allow karyotype analysis earlier in 
the pregnancy. Outcomes for fetuses with treatable 
anomalies have been improved through in utero diag-
nostic and therapeutic techniques. Ultrasound is crucial 
in the evaluation and delivery of these therapies to  
the fetus.

AMNIOCENTESIS

Indications and Complications

Amniocentesis was first described in the 1950s and later 
used to obtain amniocytes for fetal karyotype. Since 
then, other indications for amniocentesis have included 
prenatal genetic diagnosis of specific disorders, evalua-
tion for neural tube defects,1 evaluation for infection,2 
determination of fetal lung indices,3 determination of 
degree of fetal anemia,4 and therapeutic amniocentesis 
for polyhydramnios.5

Amniocentesis has been used for the infusion of a dye 
such as indigo carmine to evaluate for rupture of mem-
branes.6 Methylene blue, another dye, has been associ-
ated with increased risk for jejunal hypoplasia and 
hemolytic anemia in exposed fetuses and should not  
be used.7-9 Also, amniocentesis with infusion of fluids 
(amnioinfusion) has been used in pregnancies compli-
cated by oligohydramnios to improve visualization or for 

therapeutic reasons (e.g., before placement of shunts in 
obstructive uropathy, or intrapartum to prevent fetal 
heart rate decelerations).10

The amniotic fluid contains amniocytes and fetal epi-
thelial cells. The cells obtained through amniocentesis 
may be tested directly or grown in culture for a variety 
of biochemical and genetic tests. In general, amniocen-
tesis results are available 10 to 14 days after the proce-
dure. When information is needed sooner, fluorescence 
in situ hybridization (FISH) can be performed for spe-
cific analyses (e.g., trisomy 21, 18, or 13).

The rate of miscarriage after amniocentesis is reported 
as approximately 0.5%.11,12 However, these data were 
based on earlier studies with less modern techniques. 
The only randomized controlled trial was performed in 
the 1980s and showed a relative risk of 2.3 for pregnancy 
loss after amniocentesis.13 More recent studies have 
shown no statistical increase in the rate of miscarriage 
with second-trimester amniocentesis;14-16 others have 
shown a procedure-associated increase in miscarriage of 
1 in 769 and 1 in 1667 pregnancies.17,18 Factors that 
increase the risk for miscarriage include withdrawal of 
bloody or discolored fluid and vaginal bleeding in the 
current pregnancy.19,20 Transplacental passage of the 
needle initially seemed to increase the rate of pregnancy 
loss,13 but subsequent work has shown no increase in loss 
rates with this approach.19,21,22 Leakage of amniotic 
fluid may occur after a genetic amniocentesis, although 
favorable pregnancy outcomes are seen in more than 
90% of these women with expectant management.23,24 
Amniotic fluid culture fails in approximately 0.1% of 
cases.12 Outcome studies of infants after amniocentesis 
show no long-term sequelae.25
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Amniocentesis for genetic testing is generally per-
formed between 15 and 20 weeks’ gestational age. Earlier 
amniocentesis is associated with increased miscarriage 
rates and birth defects.26 Amniocentesis has been 
described in women with a variety of chronic viral infec-
tions; however, caution should be exercised in these 
women because of concerns over vertical transmis-
sion.27-29 Amniocentesis is compared with chorionic 
villus sampling in Table 46-1.

Amniocentesis for fetal lung maturity is performed in 
the third trimester if elective delivery before term is being 
considered.30 Different biochemical tests (including leci-
thin/sphingomyelin ratio and phosphatidylglycerol and 
foam stability index) are available to assess surfactant 
phospholipids secreted by the fetal lungs into the amni-
otic fluid to predict the risk for respiratory distress  
syndrome. However, with corticosteroids to accelerate 
fetal lung maturity and ultrasound for accurate dating, 

FIGURE 46-1. Amniocentesis. A, Essential equipment for amniocentesis: 22-gauge needle, 5-cc syringe for initial draw, and 20-cc 
syringe for sample collection. B, Transverse ultrasound image of amniocentesis at 17 weeks’ gestation. Needle (arrows) can be seen entering 
the amniotic fluid.

A B

amniocentesis for fetal lung maturity is no longer as 
frequently performed, with its cost-effectiveness ques-
tioned.31 Complications of third-trimester amniocentesis 
include infection, bleeding, rupture of membranes, 
and preterm labor. Fetal distress is quoted as a risk, but 
a retrospective study reported no cases of urgent delivery 
for fetal distress.32

Technique

The abdomen is prepared with antiseptic solution  
(povidone-iodine [Betadine] or chlorhexidine). The 
transducer is sterilely draped to facilitate real-time 
imaging of needle trajectory. Most often, a 22-gauge 
needle is used for genetic amniocentesis, although a larger 
needle (e.g., 20 gauge) may be used for therapeutic 
amniocentesis later in gestation (Fig. 46-1; Video 46-1). 
A 3.5-inch-long spinal needle is usually adequate, 

TABLE 46-1. COMPARISON OF AMNIOCENTESIS AND CHORIONIC VILLUS  
SAMPLING (CVS)

AMNIOCENTESIS CVS

Indication Karyotype, genetic testing, biochemical tests, infection, lung maturity, 
fluid instillation, amnioreduction

Karyotype, genetic testing, biochemical tests

Gestational age ≥15 weeks 10-13 weeks
Miscarriage risk* 0.3% 1%
FISH possible? Yes Yes
Time to diagnosis 2 weeks 1 week

FISH, Fluorescence in situ hybridization.
*See text for discussion of comparison in risks.



Chapter 46 ■ Ultrasound-Guided Invasive Fetal Procedures  1545

approach was initially transcervical, but transabdominal 
approaches were described later.42 The technique ini-
tially involved blind aspiration, endoscopic direct-vision 
biopsy, ultrasound-guided needle aspiration or biopsy 
forceps, or a combination of ultrasound-guided endos-
copy.43 The indications for testing include fetal karyo-
type analysis, evaluation for fetal gene status in individuals 
at risk for certain heritable conditions, and biochemical 
tests of fetal cells for evaluation of disease status. The 
CVS procedure is usually performed at 10 to 13 weeks’ 
gestational age. In the era of early aneuploidy risk assess-
ment, the rate of diagnostic testing has stayed the same 
or decreased somewhat, but the number of women elect-
ing first trimester diagnostic testing has increased.44,45

The chorion is composed of an outer trophoblast layer 
containing syncytiotrophoblast and cytotrophoblast, as 
well as an inner mesenchymal layer. Once the biopsy is 
obtained, the specimen is carefully washed and maternal 
decidua microscopically dissected away from the fetal 
villi. The CVS specimen can then be tested with FISH, 
direct cytogenetic analysis, or cultured villi for a number 
of conditions.46,47

The U.S. Collaborative study on CVS and other large 
registries have found that a successful genetic diagnosis 
can be obtained in 99.7% of cases, with a false-positive 
rate of only 11 per 10,000 pregnancies.48,49 There were 
no diagnostic errors involving trisomy 13, 18, or 21 in 
these studies.48 Maternal cell contamination occurs in 
0.8% to 2.2% of cases.48,50 Confined placental mosa-
icism is seen in 0.7% to 1.6% of cases48-50 and may be 
caused by meiotic errors with subsequent “trisomy 
rescue” or by mitotic errors in the developing morula.51 
Trisomy rescue can lead to uniparental disomy, and 
further studies may be indicated if the mosaicism is 
found to be confined to the placenta. Confined placental 
mosaicism also can lead to decreased placental function 
and adverse perinatal outcomes.52

The risk for pregnancy loss with CVS and the miscar-
riage rate compared with amniocentesis are somewhat 
controversial. The background rate of pregnancy loss at 
the time of CVS is approximately 1% greater than at 
amniocentesis, so direct head-to-head comparisons and 
retrospective studies may not generate a representative 
comparison.53 There is a learning curve, with higher loss 
rates seen with less experienced practitioners and pro-
grams.54 The largest series have shown fetal loss rates of 
1% to 5%.55-60 Odibo et al.58 compared women who had 
CVS to women presenting for care at a similar gesta-
tional age and detected no significant difference in fetal 
loss rates.

A variety of studies have examined the difference in 
loss rates between CVS and amniocentesis (see Table 
46-1). These studies have significant heterogeneity with 
regard to classification of pregnancy loss (e.g., loss within 
weeks of procedure, loss before 24 weeks, loss before 28 
weeks). The most rigorous studies are prospective studies 
that recruit women before 10 weeks who are interested 

although for obese patients and difficult needle trajecto-
ries, a 5- or 7-inch needle may be required. If possible, 
the placenta is avoided. Once in the amniotic fluid cavity, 
the stylet is removed and a syringe (with or without con-
nector tubing) attached to the needle. Fetal cardiac activ-
ity is documented before the patient leaves the ultrasound 
suite. Rh0(D) immune globulin (RhoGAM) should be 
given for Rh-negative mothers after amniocentesis.

Midtrimester diagnostic amniocentesis is the most 
common amniocentesis procedure. A 3-cc or 5-cc syringe 
is used to withdraw the initial 1 to 2 mL of fluid and is 
discarded. This minimizes the risk of maternal contami-
nation of the specimen. A new syringe is connected and 
a sample obtained. For midtrimester genetic amniocen-
tesis, 1 mL per gestational week is obtained. Additional 
fluid may be required for special studies.

When amniocentesis is performed in multiple gesta-
tions, care must be taken to sample each fetus sepa-
rately.33 If the distinction between two sacs is unclear, 
blue dye can be injected after sampling fluid from the 
first sac. Aspiration of fluid from the second sac is then 
performed from a different site, and fluid without con-
trast material should be obtained.

Therapeutic amniocentesis involves the removal of a 
substantial amount of amniotic fluid. This may be per-
formed for polyhydramnios that causes preterm contrac-
tions or maternal respiratory compromise.34 Additionally, 
it may be used in the management of twin-twin transfu-
sion syndrome (TTTS).35 Amniocentesis is performed as 
previously described, except a 20-gauge needle is used and 
connected through extension tubing to a vacuum bottle 
to withdraw amniotic fluid. Fluid may be withdrawn 
(1-2 L) to achieve a normal amount of in utero amniotic 
fluid. Fetal monitoring for bradycardia and distress during 
the amniocentesis and after the procedure is important 
because abruption can result from decompression of the 
uterine cavity.36 Serial amnioreduction has been shown 
to be equivalent to septostomy in the management of 
TTTS.37 Laser photocoagulation using fetoscopy has 
been performed since the 1990s,38,39 and recent meta-
analyses have shown superior outcomes to TTTS managed 
with amnioreduction or septostomy.35,40

Fluid instillation into the amniotic cavity is performed 
with warm sterile saline. The amniocentesis needle is 
guided into the intra-amniotic space with ultrasound. 
Care should be taken to ensure the tip is in the fluid 
space, and not a loop of cord. This is done with color 
Doppler ultrasound during the procedure and with aspi-
ration after needle placement.

CHORIONIC VILLUS SAMPLING

Indications and Complications

Chorionic villus sampling (CVS) was first described in 
the 1960s as a means to obtain genetic diagnosis.41 The 
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Technique

The CVS procedure can be performed through a trans-
abdominal or transvaginal approach. In general, the  
placental location dictates the approach: fundal and 
anterior placentas lead to a transabdominal approach, 
and posterior and low placentas necessitate a transcervi-
cal approach. A full bladder can aid in optimal position-
ing of the uterus. RhoGAM should be given for 
Rh-negative mothers following CVS.

Transabdominal Approach

The equipment and guidance are similar to amniocente-
sis. The abdomen is prepared with antiseptic solution 
(Betadine or chlorhexidine). The skin is infiltrated with 
a local anesthetic (e.g., 1% lidocaine). The ultrasound 
transducer is sterilely draped to facilitate real-time sono-
graphic guidance. An 18- or 20-gauge needle is advanced 
into the placenta and the stylet removed (Fig. 46-2). A 
20-cc syringe with about 2 mL of cell-transport medium 
is connected to the needle. The needle is guided back and 
forth through the placenta while suction is intermittently 
applied to the syringe. Some practitioners use a device to 
hold the syringe and aid in this pumping action. The 
needle is withdrawn, and the remainder of the cell-trans-
port medium aliquot is drawn through the needle to clear 
any villi lodged in the needle. The specimen is examined 
under a dissecting microscope for adequacy. In general, 
the cytogenetic examination requires at least 15 mg of 
villi. Inadequate specimen size may necessitate a repeat 
pass with a new needle. Fetal cardiac activity is docu-
mented before the patient leaves the ultrasound suite.

in diagnostic testing and randomize them to CVS  
or amniocentesis. The Canadian Collaborative CVS-
Amniocentesis Clinical Trial group recruited women at 
less than 12 weeks’ gestational age and randomized them 
to CVS in the first trimester or amniocentesis at 15 to 
17 weeks’ gestational age. No significant differences were 
seen in fetal loss rates.61 A U.S. study found no signifi-
cant difference in loss rate between CVS and amniocen-
tesis.62 A Danish study that randomized women to 
transabdominal CVS, transcervical CVS, or amniocen-
tesis found no difference between transabdominal CVS 
and amniocentesis. There was a significant increase in 
the miscarriage rate between amniocentesis and transcer-
vical CVS, but this group was less experienced with 
transcervical CVS.63 The Medical Research Council’s 
randomized controlled study of amniocentesis versus 
CVS found a 4.6% increased rate of pregnancy loss in 
the CVS group. However, this trial used 31 centers, and 
the significant heterogeneity in experience with CVS 
may have explained the increased risk for the CVS 
group.64 Caughey et al.59 compared CVS, amniocentesis, 
and control groups of women at similar gestational ages 
who declined intervention and found no significant dif-
ferences in the adjusted loss rates between CVS and 
amniocentesis in the most recent period.

Studies comparing early amniocentesis to CVS have 
found similar or higher rates of pregnancy loss and 
higher rates of clubfoot in the early-amniocentesis 
group.55,65-67 Although early reports suggested an 
increased risk for pregnancy loss with a transabdominal 
approach, later reports suggest no difference in loss rates 
between transabdominal and transcervical approaches.68-72

Case reports of limb reduction defects (e.g., oroman-
dibular-limb hypogenesis syndrome) have involved 
women who underwent CVS.73 These defects are usually 
seen in 1 in 175,000 births and were seen in 5 of 289 
infants born to mothers undergoing CVS at one center.73 
The underlying etiology was thought to be a vascular 
accident, and a gestational age–related susceptibility was 
postulated. A large, international population registry 
showed no increase rate in these defects compared with 
the general population.74 A subsequent data analysis 
found that the risk of limb reduction defects by week 
was comparable to the general population, except at 8 
weeks’ gestational age, when it was elevated with CVS.75 
It is generally thought that CVS performed after 10 
weeks does not increase the risk for limb reduction 
defects.

In pregnancies with normal karyotype after CVS, risk 
for adverse outcomes or malformations is not increased.76 
Women who undergo CVS have no increased risk of 
other sequelae of uteroplacental insufficiency or hyper-
tension in pregnancy.77

The CVS procedure may be performed in twins, and 
the loss rate is not substantially different from that of 
twin amniocentesis. However, care must be taken to 
ensure that both placentas are sampled.78

FIGURE 46-2. Transabdominal chorionic villus 
sampling. Transverse image of needle (arrows) entering the 
placenta.
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used.79 Cordocentesis has been used for the diagnosis 
of hemoglobinopathies, evaluation of fetal infection,80 
clarification of mosaicism and other chromosomal 
abnormalities found by CVS or amniocentesis,81 and 
acquisition of fetal DNA for a rapid karyotype.82 PUBS 
has been used to evaluate and treat a number of fetal 
conditions, including thrombocytopenia idiopathic or 
neonatal alloimmune), anemia, cardiac arrhythmias, and 
hypothyroidism and hyperthyroidism. The technique 
has also been used for feticide.83 Fetal cardiocentesis is 
used for diagnostic and therapeutic purposes as well as 
for feticide, but the complications are greater than for 
cordocentesis.84

The management of several conditions has evolved 
over recent decades. In fetuses at risk for thrombocyto-
penia, PUBS was initially used for the diagnosis and 
treatment of significant fetal thrombocytopenia but was 
found to substantially increase the fetal loss rate.85 Also, 
PUBS did not reduce the risk for fetal intracranial hem-
orrhage. Consequently, PUBS is seldom used in the 
management of women at high risk for fetal thrombo-
cytopenia.86-88 The management of red cell alloimmu-
nization has evolved from serial amniocentesis to identify 
fetuses at high risk for moderate to severe anemia,4 to 
using middle cerebral artery (MCA) Doppler ultrasound 
evaluation to determine the need for PUBS. This allows 
for fewer PUBS procedures, with those performed typi-
cally timed to the need for in utero transfusions.89,90 
MCA Doppler ultrasound can help time a second fetal 
transfusion procedure,91 but subsequent transfusions are 
better predicted by estimating the decrease in fetal hema-
tocrit over time92 (see Chapter 43).

Transcervical Approach

A speculum is inserted into the vagina and the cervix 
cleansed with antiseptic solution (Betadine or chlorhexi-
dine). A 5.7-Fr flexible CVS cannula with a rigid metal 
introducer is guided into the placenta under ultrasound 
guidance (Fig. 46-3). A curve may be introduced into 
the shape of the cannula before introduction, to accom-
modate the uterine curvature and placental location. In 
rare cases, a tenaculum may be needed to position the 
cervix optimally. The introducer is withdrawn and a 
20-cc syringe with about 2 mL of cell-transport medium 
connected to the cannula. Suction is intermittently 
applied to the cannula as it is slowly withdrawn from the 
placenta. Once withdrawn from the placenta, continu-
ous suction is applied as the cannula is withdrawn from 
the uterus and cervix. The remainder of the cell-trans-
port medium aliquot is drawn through the cannula to 
clear any residual villi. The specimen is examined as for 
transabdominal CVS, with fetal cardiac activity docu-
mented before the patient leaves.

CORDOCENTESIS AND 
PERCUTANEOUS UMBILICAL 
BLOOD SAMPLING

Indications and Complications

Cordocentesis and percutaneous umbilical blood sam-
pling (PUBS) were first described in the 1970s and 
evolved into the ultrasound-guided procedure currently 

FIGURE 46-3. Transcervical chorionic villus sampling (CVS). A, Equipment for transcervical CVS: Cook Chorion Villus 
Sampling Set and 20-cc syringe for sample collection. B, Sagittal ultrasound image of transcervical CVS shows catheter (arrows) passing 
through cervix (C) and into placenta (P). Note full bladder (B) and amniotic cavity (A).
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Cordocentesis has a 1% to 1.6% risk of fetal loss.93-97 
The fetal risks need to be interpreted knowing that these 
fetuses are at particularly high background risk for fetal 
loss and adverse outcomes. Ghidini, et al.97 performed a 
meta-analysis that excluded cases with pathologic fetal 
conditions and determined that the loss rate in a “low risk” 
population undergoing fetal blood sampling was approxi-
mately 1.4%. A more recent study found that procedure-
related complications of 3.1% and procedure-related loss 
rates of 1.6%.93 Other complications of cordocentesis 
include fetal bradycardia (4%-12%), bleeding at puncture 
site (20%-40%), hematomas (17%), infection (1%), 
abruption (rare), fetomaternal hemorrhage (40%), and 
preterm contractions (7%).93,95,97,98 Complications are 
more common with arterial than venous puncture.96

Technique

Cordocentesis or PUBS is usually performed in a setting 
that allows maternal sedation and intervention for fetal 
distress after 24 weeks, most often an operating room for 
labor and delivery. The patient is prepped and sterilely 
draped and the uterus displaced slightly to the left with 
appropriate maternal wedging. The ultrasound trans-
ducer is draped with a sterile sheath to allow guidance 
on the sterile field. The patient is often given conscious 
sedation for comfort and to minimize maternal move-
ment during the procedure. Local anesthetic with lido-
caine may be used for patient comfort. Ultrasound 
guidance may be provided by a second provider or by 
the operator using a freehand technique. A 20- to 
22-gauge needle is typically used, and most often the 
umbilical vein is targeted at the placental cord insertion 
(Fig. 46-4). Other approaches include the umbilical 
vein at the fetal cord insertion, the intrahepatic vein 
(Fig. 46-5), or a free loop of cord. The needle position 
is confirmed by obtaining a blood specimen, ultrasound 
observation of the needle in the vein, and sonographic 
streaming within the umbilical vein after injection of 
saline. Heparinized syringes are used for fetal blood sam-
pling, and values for hemoglobin/hematocrit, platelets, 
and mean corpuscular volume (MCV) are obtained. The 
fetal MCV is higher than the maternal value and can 
help confirm fetal origin of the blood sample.

Depending on the insertion site and indication for 
cordocentesis, fetal paralysis can be considered with 
vecuronium (0.1 mg/kg estimated fetal weight)99 or atra-
curium besylate (0.4 mg/kg estimated fetal weight).100 
Fetal cardiac activity is documented throughout the 
procedure.

FIGURE 46-4. Cordocentesis. Transverse ultrasound image 
shows needle (arrows) traversing placenta (P) and entering placen-
tal cord insertion. Note loop of umbilical cord (C) and 
fetus (F).
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FIGURE 46-5. Fetal blood sampling in intrahepatic 
portion of umbilical vein. Arrows point to the position of 
the 20-gauge needle in the intrahepatic portion of the umbilical 
vein.
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Fetal Transfusion

If fetal transfusion is required, a T-connector tubing is 
often employed for ease of transfusion. The volume to 
be transfused can be calculated by using the above 
formula101:

The fetoplacental volume can be estimated as  
1.046 + fetal weight in grams × 0.14.101 Either maternal 
cells or donated O-negative, washed, leukocyte-reduced 
blood is used for transfusion. Maternal cells may be 
consumed less rapidly than anonymous donation, but 
timing and pregnancy-associated anemia limit its use.102 
A posttransfusion sample is obtained to evaluate the 
effects of the procedure. Future transfusions are sched-
uled based on fetal Doppler assessment,91 or by estimat-
ing a 0.7% decrease in the hematocrit per day and 
scheduling transfusion for estimated hematocrits of 20 
to 22 mL/dL.103

If the cordocentesis or transfusion is being performed 
for reasons other than Rh(D) isoimmunization, in a 
Rh(D)-negative mother, RhoGAM should be adminis-
tered after the procedure.

FETAL REDUCTION

Indications and Complications

As assisted reproductive technologies increase in avail-
ability and use, the rate of higher-order multiple gestations 
has increased dramatically. Risks for adverse perinatal 
outcomes and prematurity increase with increasing 
number of gestations.104 Even with the efforts of the repro-
ductive endocrinology community to limit the numbers 
of higher-order multiples, a substantial number of these 
pregnancies still occur.105 Since initially described,106 fetal 
reduction has become more widely available and used in 
the management of higher-order multiple gestations and 
can improve the associated risks.107

The decision to pursue a fetal reduction raises difficult 
ethical and medical questions for couples. The decision 
is made to improve fetal outcomes, achieve a desired 
number of gestations in the pregnancy, and for other 
considerations. In most cases, triplets or higher-order 
multiples are reduced to a twin pregnancy. However, 
reductions resulting in a singleton as the target have been 
used with maternal medical conditions or by patient 
preference.108,109

Compared to spontaneous twin pregnancies, higher-
order pregnancies reduced to twins do not appear to be 
substantially different in regard to pregnancy loss, birth 
before 34 weeks, stillbirth, or neonatal death.110 Con-
versely, pregnancies continued as a triplet pregnancy had 
higher rates of miscarriage, delivery before 36 weeks, very 
low birth weight (<1500 g), and neonatal death com-
pared to pregnancies reduced to twins.110

Fetal loss rate with fetal reduction depends on the 
starting and finishing number. Recent data suggest that 
pregnancies with three or more fetuses that end with 
twins have a 5.3% loss rate, compared to a 3.8% loss 
rate in pregnancies reduced to a singleton. Reduction to 
a singleton had significant improvements in the gesta-
tional age at delivery.111

Other complications of fetal reduction include infec-
tion, bleeding, and discomfort at the injection site. If 
potassium chloride is used and injected into the maternal 
circulation, maternal cardiac arrhythmias are possible.

Technique

Selection of the fetus(es) for reduction takes into account 
avoidance of the presenting fetus (if possible) and select-
ing the fetus(es) with lagging growth, evidence of 
increased nuchal translucency, or other evidence of 
abnormality. CVS is possible before reduction and does 
not appear to affect the risk for complications with the 
reduction.112 If multiple fetuses are reduced in higher-
order multiples, usually no more than two fetal reduc-
tions per session are performed. The procedure is usually 
performed between 10 and 12 weeks’ gestational age. If 
there are fetuses with a monochorionic component, 
these fetuses are either reduced together or left alone.

The maternal abdomen is prepped and sterilely 
draped. The ultrasound transducer is draped with a 
sterile sheath. A local anesthetic is sometimes adminis-
tered. Under ultrasound guidance, a 20- or 22-gauge 
needle is advanced into the fetal thorax. Confirmation 
of the needle tip in the fetus is essential. A small volume 
(1-2 mL) of a 2 mEq/mL solution of potassium chloride 
is injected. Cessation of fetal cardiac motion is often 
immediate but may take several minutes if the injection 
is not intracardiac, and patience can avoid the need for 
additional injection. Once fetal cardiac motion has 
stopped, the fetus is monitored with ultrasound for 1 
minute to ensure cardiac cessation. The stylet is replaced 
and the needle withdrawn. Cardiac activity in the surviv-
ing fetus(es) is documented before the patient leaves the 
ultrasound suite. RhoGAM should be given for Rh-
negative mothers following any invasive diagnostic or 
therapeutic fetal test.

OTHER PROCEDURES

Ultrasound has been used to guide various procedures 
for diagnostic and therapeutic purposes. Pleural effu-
sions and macrocystic fetal chest masses such as congeni-
tal cystic adenoid malformations have been treated with 
serial in utero thoracentesis113 (Fig. 46-6) and thora-
coamniotic shunt for continuous drainage of fluid to 
permit lung development.114,115

In fetuses with obstructive uropathy, ultrasound-
guided aspiration of the bladder has been used in the 
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and muscle122 for diagnostic purposes. Cephalocentesis 
for the management of hydrocephalus was associated 
with higher rates of procedure-related fetal death and 
adverse outcomes in survivors.123 More recently, cepha-
locentesis has been used to assist in the delivery of a 
nonviable fetus with hydrocephalus to permit vaginal 
delivery.124

Drainage Technique

The technique for ultrasound-guided drainage is similar 
to that of amniocentesis. Instead of accessing the  
amniotic cavity, however, the fluid cavity of interest is 

diagnosis and evaluation of fetal renal function.116 
Sequential evaluation of the fetal bladder aspirate has 
been shown to improve evaluation of fetal renal func-
tion, and threshold values for sodium, chloride, protein, 
calcium, osmolality, and beta-2-microglobulin have 
been established.117 In fetuses deemed to have a good 
prognosis for preserved renal function, vesicoamniotic 
shunts are placed for drainage of the fetal bladder118 (Fig. 
46-7). The evaluation of fetuses for potential shunt 
placement is detailed in Chapter 39.

In fetuses with ascites, ultrasound-guided drainage has 
been used for diagnostic purposes119 (Fig. 46-8). Ultra-
sound has guided in utero biopsies of the skin,120 liver,121 

FIGURE 46-6. Drainage of macrocystic congenital cystic adenoid malformation (CCAM) at 22 weeks. 
A, Transverse image of right-sided macrocystic CCAM (C), causing hydrops. The heart (H) is displaced to the far left, and the CCAM 
occupies much of the thoracic cavity. B, Transverse image during aspiration of the CCAM. Note the needle in the largest cystic compo-
nent. C, Toward the end of the procedure, the needle (arrows) is in the residual fluid pocket. D, Transverse ultrasound image after aspira-
tion. CCAM (C) has been somewhat decompressed, and the heart (H) is less compressed, although still displaced.
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avoid the umbilical vessels. Fluid may be instilled in the 
amniotic cavity through the introducer’s side channel or 
with a separate amniocentesis to aid in visualization. 
Placing a separate amniocentesis needle allows continued 
infusion of fluid during the procedure.

Once the introducer is in the fetal cavity, the trocar 
is removed, the shunt is passed down the central channel, 
and the first “pigtail” is fed into the fetal cavity. The 
introducer tip is then withdrawn into the amniotic cavity 
and the remaining shunt deployed. The two “pigtails” 
keep the shunt in place, and the metallic markers on each 
end help confirm shunt placement. The shunt is compat-
ible with magnetic resonance imaging (MRI). Follow-up 
is important because the shunts can migrate over time 
and become displaced.

Fetal Surgery

Ultrasound has been used as an adjunct to fetoscopy 
during fetal surgery and other fetoscopic techniques.125 
Ultrasound has been used in the surgical planning and 
postprocedure evaluation for laser photocoagulation in 

targeted. Depending on the tissue and gestational age,  
a 20-gauge needle is usually required. A longer spinal 
needle (5 or 7 inch) is often helpful because of the dis-
tances required for the trajectories to access the fetal 
structures.

Shunt Placement

A variety of catheter sets are available for in utero shunts. 
Our group uses the Rocket KCH Bladder Drain catheter 
(Rocket Medical, Hingham, Mass). The introducer has 
a central channel for passage of the shunt and a side 
channel for diagnostic and therapeutic purposes. The 
procedure is usually done in an operating room to allow 
for adequate maternal analgesia; some level of conscious 
sedation and local anesthesia is usually adequate. A stab 
incision on the skin with an 11 blade is made to facilitate 
the passage of the trocar. Under ultrasound guidance, 
the trocar is advanced into the cavity, such as the pleural 
space (large pleural effusion) or bladder (obstructive 
uropathy). In the case of fetal obstructive uropathy with 
bladder drainage (see Fig. 46-7), care should be taken to 

FIGURE 46-7. Vesicoamniotic shunt for poste-
rior urethral valves. A, Coronal view of fetus shows 
greatly distended urinary bladder. Note lack of amniotic fluid. 
B, Trocar (arrow) entering partially decompressed, thick-walled 
fetal bladder. C, Three days after insertion of shunt. Note shunt 
in fetal bladder (arrow) with amniotic fluid (arrowhead) around 
fetus.
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these procedures. Performance of complex fetal diagnos-
tic and therapeutic procedures should be reserved for 
centers with expertise in their use.
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procedure.
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Neonatal sonography of the brain is now an essential 
part of newborn care, particularly in high-risk and unsta-
ble premature infants.1,2 Current ultrasound (US) tech-
nology allows for rapid evaluation of infants in the 
intensive care nursery with virtually no risk.3 The advan-
tages of sonography over computed tomography (CT) 
or magnetic resonance imaging (MRI) include portabil-
ity, lower cost, speed, no ionizing radiation, and no 
sedation. Screening of premature infants for intracranial 
hemorrhage has proven highly sensitive and specific.

Ultrasound is essential to the neonatal evaluation  
and follow-up of hydrocephalus and periventricular  
leukomalacia (PVL). Prenatal US and MRI diagnosis4 of 

central nervous system malformations, infection, or 
masses are now followed up by ultrasound in the neona-
tal period. When major anomalies are present, associated 
anomalies may need evaluation by neonatal MRI. CT is 
not typically used in the premature infant because of the 
instability of the infant and the lack of good gray/white 
matter differentiation from the high water content in the 
newborn brain. CT is used infrequently for term infants, 
typically after a history of birth trauma.

Ultrasound can be useful for the follow-up of ven-
tricular shunt therapy or possible complications. Color 
and spectral Doppler ultrasound of cranial blood flow 
may prove valuable, particularly for cystic lesions when 
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coronal and the sagittal plane. It is increasing apparent, 
however, that the posterior fossa is much better evaluated 
through the posterior and mastoid fontanelles. Cere-
bellar hemorrhage may be missed without the posterior 
fossa views. Posterior fossa malformations may not be 
well understood without these highly detailed views of 
the cerebellum, 4th ventricle, and cisterna magna.13-15 
Good skin-to-transducer coupling can be achieved by an 
acoustic coupling gel. Occasionally, a standoff pad can 
be useful to evaluate superficial abnormalities such as 
subdural hemorrhage, but a higher-resolution transducer 
is a better option to evaluate the near field in detail.

It is very important to use color Doppler ultrasound 
imaging to evaluate fluid collections because some 
cystic areas are actually vessels.16 If extracerebral fluid 
collections are expected, they are better evaluated with 
CT or MRI. Axial scanning has been used extensively in 
utero, particularly for accurate measurements of fetal 
ventricular dimensions. In the newborn, axial scanning 
is used in evaluation of the posterior fossa through the 
mastoid fontanelle and to evaluate the circle of Willis 
with color Doppler ultrasound.6,10,12,17-19 The posterior 
scanning techniques are the best approach to evaluate the 
occipital horns for ventricular clot. The posterior fossa 
views from the mastoid fontanelle are extremely impor-
tant in the evaluation of cerebellar hemorrhage or pos-
terior fossa anomalies, which are quite common. The 
foramen magnum approach may be useful when evaluat-
ing the upper spinal canal, as in patients with a Chiari 
malformation.

The anterior fontanelle remains open until approxi-
mately 2 years of age but is suitable for scanning only 
until about 12 to 14 months. The smaller the fontanelle, 
the smaller is the acoustic window and the more difficult 
the examination will be.10,17

Every effort should be made to maintain normal body 
temperature in premature infants when performing 
ultrasound. Their small size results in a high surface-to-
volume ratio and rapid heat loss when they are exposed. 
Overhead warming lamps, blankets, and warmed cou-
pling gel should be routinely used. If the infant is in an 
Isolette, heat loss may be minimized by using access side 
holes as an entry site for the transducer.

Handwashing and cleansing of the transducer between 
patients are of paramount importance to avoid the spread 
of infection in the intensive care nursery. Simple cleans-
ing of the transducer head with a manufacturer-approved 
disinfectant should be adequate. A transducer should 
never be autoclaved because this will destroy it. When 
absolute sterility is required, such as during operative 
sonography, the transducer can be placed inside a sterile 
surgical glove or sterile transducer cover with coupling 
gel. Sterile aqueous gel or saline solution can be used as 
a coupler outside the sterile cover.

Standard brain scanning includes sagittal and coronal 
planes through the anterior fontanelle and should also 
routinely include at least two axial views: through the 

the differential diagnosis includes a vascular lesion, or for 
possible subdural hematomas, and to separate normal 
vascular structures from clot. Doppler ultrasound is also 
useful in infants receiving extracorporeal membrane  
oxygenation or when decreased blood flow is a risk  
for infarction.5-7 Sonography has been described in the 
evaluation of normal cranial sutures, which may allow 
diagnosis of craniosynostosis or a lacunar skull in myelo-
meningocele patients.8,9

EQUIPMENT

In the premature infant, a 7.5-MHz or higher transducer 
is recommended to obtain the highest resolution possi-
ble. A 5-MHz transducer may be necessary to allow for 
adequate sound penetration of a larger infant head.10 
Electronic phased array transducers with a 120-degree 
sector angle and multifocal zone capabilities are generally 
used for imaging through the anterior fontanelle. Small-
footprint, linear array, high-frequency transducers 
(up to 12 MHz) can provide quality images for scanning 
of near-field pathology through the anterior fontanelle. 
These transducers are best for subdural hematomas, 
meningitis, superior sagittal sinus thrombosis, and cere-
bral edema, and in some cases, migrational abnormali-
ties,11 or when scanning over the mastoid fontanelle, 
posterior fontanelle, and foramen magnum.12 The squa-
mosal portion of the temporal bone is thin but may 
require a 5-MHz transducer if not imaged through the 
mastoid fontanelle. The multifocal zone capability pro-
vides excellent resolution throughout the field of view, 
but requires a cooperative patient because the frame rate 
is slowed significantly. Compound imaging, allowing 
for multiple angles of insonation, is also useful when 
imaging through small spaces such as the fontanelles. 
Video clip capabilities are invaluable in an uncoopera-
tive infant or when documenting motion, such as  
blood flow.6

Several formats are available to record permanent 
copies of the ultrasound examinations. Digital storage, 
allowing postprocessing of images, can improve quality. 
It has become useful to save video clips of a complex 
examination for later review, to prevent repeating an 
examination if there is a questionable finding on the 
individual images. Clips can greatly improve the under-
standing of the pathology. Areas of increased or decreased 
echogenicity may be extremely subtle on single images, 
but they become much more apparent when integrated 
with cine or video that captures real-time ultrasound 
findings and the relationship to normal structures.

SONOGRAPHIC TECHNIQUE

Currently, most brain sonographic examinations are per-
formed through the anterior fontanelle in both the 
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including the frontal lobes of the cerebral cortex with the 
orbits deep to the floor of the skull base.

Moving posteriorly, the frontal horns of the lateral 
ventricles appear as symmetrical, anechoic, comma-
shaped structures with the hypoechoic caudate heads 
within the concave lateral border (Fig. 47-2, B). Struc-
tures visualized from superior to inferior in the midline 
include the interhemispheric fissure; cingulate sulcus; 
genu and anterior body of the corpus callosum, and 
septum pellucidum between the ventricles. Moving lat-
erally from the midline, the caudate nucleus is separated 
from the putamen by the internal capsule. Lateral to the 
putamen, the sylvian fissure is echogenic because it con-
tains the middle cerebral artery (MCA). The sylvian 
fissure separates the frontal from the temporal lobe. Infe-
riorly, the internal carotid arteries bifurcate to form the 
echogenic anterior and middle cerebral arteries.

Progressing farther posteriorly to the level above the 
midbrain, the body of the lateral ventricles is seen on 
either side of the cavum septi pellucidi (Fig. 47-2, C ). 
Below this, the thalami lie on either side of the third 
ventricle, which is usually too thin to visualize in normal 
infants. Deep to the thalami, the brainstem begins to be 
visualized. Lateral to the midline, the thalami are sepa-
rated from the lentiform nuclei (caudate and putamen) 
by the internal capsule. Lateral to the lentiform nuclei is 

posterior fontanelle and the mastoid fontanelle. Coronal 
images acquired through the posterior fontanelle may be 
useful as well, to compare ventricular size. Magnified 
views are essential to study near-field pathology. When-
ever possible, the transducer should be held firmly 
between the thumb and index finger, and the lateral 
aspect of the hand should rest on the infant’s head for 
stability. Video clips should be obtained routinely for 
any abnormality to improve ultrasound diagnosis, avoid 
repeating a scan on an unstable newborn, and allow 
review of complex images and prompt diagnosis without 
delaying the patient workflow.

Coronal Imaging

Coronal images are obtained by placing the scan head of 
the transducer transversely across the anterior fontanelle 
(Fig. 47-1). The plane of the ultrasound beam should 
then sweep in an anterior-to-posterior direction, com-
pletely through the brain. Care must be taken to main-
tain symmetrical imaging of each half of the brain and 
skull. An initial sweep of the brain to obtain parallel 
alignment of the thick glomus of the choroid plexus in 
each trigone is a good method to obtain symmetry. At 
least six standard coronal images should be obtained 
during this anterior to posterior sweep.17

The most anterior image is acquired just anterior to 
the frontal horns of the lateral ventricles20 (Fig. 47-2, 
A). Visualization of the anterior cranial fossa is obtained, 

FIGURE 47-1. Coronal brain ultrasound planes 
through anterior fontanelle. A through F correspond to 
front to back. CC, Cerebral cortex; BV, body of lateral ventricle; 
FH, frontal horn; OH, occipital horn; CN, caudate nucleus; M, 
massa intermedia; PR, pineal recess; 3, third ventricle; TH, tem-
poral horn; SR, supraoptic recess; IR, infundibular recess; CP, 
choroid plexus; 4, fourth ventricle; CB, cerebellum. (From Rumack 
CM, Manco-Johnson ML. Perinatal and infant brain imaging: role 
of ultrasound and computed tomography. St Louis, 1984, Mosby.)

CORONAL BRAIN SCANS:  
NORMAL STRUCTURES

MIDLINE STRUCTURES
Interhemispheric fissure
Cingulate sulcus
Corpus callosum
Cavum septi pellucidi
Cavum vergae (when present)
Third ventricle
Fourth ventricle
Brainstem
Vermis of cerebellum

PARAMEDIAN STRUCTURES
Frontal lobe
Parietal lobe
Occipital lobe
Frontal horn of lateral ventricle
Body of lateral ventricle
Temporal horn of lateral ventricle
Trigone of lateral ventricle
Choroid plexus
Glomus of choroid plexus
Caudate nucleus
Internal capsule
Thalamus
Lentiform nucleus
Tentorium cerebelli
Cerebellar hemisphere
Sylvian fissure
Cisterna magna
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FIGURE 47-2. Coronal brain ultrasound images: normal full-term infant. Anterior to posterior corresponds to sec-
tions A to F in Figure 47-1. A, FL, Frontal lobes; black arrow, interhemispheric fissure. B, P, Putamen; C, caudate nucleus; f, frontal horns 
of lateral ventricles; TL, temporal lobe; arrowhead, corpus callosum; closed arrow, sylvian fissure; open arrow, bifurcation of internal carotid 
artery. (On images A and B black arrow represents interhemispheric fissure.) C, B, Brainstem; 3, location of third ventricle (third and 
fourth ventricles are difficult to see in normal patients on coronal cuts). D, S, Centrum semiovale; b, body of lateral ventricle; c, choroid 
plexus; T, thalamus; V, vermis of cerebellum; curved arrow, tentorium cerebelli; straight white arrow, cingulate sulcus. E, PL, Parietal lobe; 
G, glomus of choroid plexus; CB, cerebellum. F, OL, Occipital lobe. (B and C from Rumack CR, Horgan JG, Hay TC, et al. Pocket atlas 
of pediatric ultrasound. Philadelphia, 1990, Lippincott-Raven.)
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recognition of the curving line of the corpus callosum 
above the cystic cavum septi pellucidi and cavum vergae, 
the third and fourth ventricles, and the highly echogenic 
cerebellar vermis (Fig. 47-5). The cingulate sulcus lies 
parallel to and above the corpus callosum. In this view, 
the size of cerebellar vermis has been used to assess ges-
tational age.21 The degree of sulcal development can be 
used as well. Shallow angulation to each side of about 
10 degrees will show the normally small lateral ventri-
cles (Fig. 47-6, A). The ventricles are not located in a 
perfectly straight plane anterior to posterior. The trans-
ducer must be angled so that the anterior portion of the 
sector is directed more medially and the posterior portion 
more laterally, to include the entire lateral ventricle in a 
single image.17

the deep white matter region of brain called the centrum 
semiovale. Again, the sylvian fissures are seen.

A slightly more posterior transducer angulation results 
in a plane that includes the cerebellum. The body of the 
lateral ventricles becomes somewhat more rounded as 
the size of the caudate nucleus decreases once posterior 
to the foramen of Monro (Fig. 47-2, D). At this level in 
the midline, the body of the corpus callosum is deep to 
the cingulate sulcus, and the third ventricle is located 
between the anterior portions of the thalami. Echogenic 
material visualized in the floor of the lateral ventricles is 
the choroid plexus. Echogenic choroid plexus is also 
seen in the roof of the third ventricle, resulting in three 
echogenic foci of choroid. The thalami are now more 
prominent on either side of the third ventricle. Midline 
structures are unchanged, except that deep to the thalami, 
the tentorium covering the cerebellum is visualized. 
Below this, in the posterior fossa, the vermis is the echo-
genic structure in the midline surrounded by the more 
hypoechoic cerebellar hemispheres. When the septum 
pellucidum is cystic posteriorly, it is called the cavum 
vergae. Because the cystic center of the septum pellu-
cidum closes from posterior to anterior as the brain 
matures, late-gestation neonates often have only the 
more anterior cavum septi pellucidi. The lentiform 
nuclei may no longer be seen at this level. The temporal 
horns of the lateral ventricles may be seen lateral and 
inferior to the thalami, but are usually not seen unless 
there is hydrocephalus.

Further posteriorly, the trigone or atrium of the 
lateral ventricles and occipital horns are visualized 
(Fig. 47-2, E ). The extensive echogenic glomus of the 
choroid plexus nearly obscures the lumen of the cerebro-
spinal fluid (CSF)–filled ventricle at the trigone. In the 
midline—the visualized portion of the corpus callosum 
deep to the cingulate sulcus—is the splenium. Inferiorly, 
the cerebellum is separated from the occipital cortex by 
the tentorium cerebelli.

The most posterior section visualizes predominantly 
occipital lobe cortex and the most posterior aspect of 
the occipital horns of the lateral ventricles that do not 
contain choroid plexus (Fig. 47-2, F ). This section is 
angled posterior to the cerebellum.

Normal premature brain ultrasound images in the same 
planes are shown in Figure 47-3. The lateral ventricles are 
slightly larger; the cavum septi pellucidi extends back to 
become the cavum vergae between the lateral ventricle 
bodies and occipital horns (Fig. 47-3, B-E ). There are only 
a few sulci, and the sylvian fissures are wider and may 
appear boxlike rather than as thin fissures.

Sagittal Imaging

The sagittal images are obtained by placing the trans-
ducer longitudinally across the anterior fontanelle and 
angling it to each side (Fig. 47-4). The midline is first 
identified through the interhemispheric fissure by 

SAGITTAL BRAIN SCANS:  
NORMAL STRUCTURES

MIDLINE STRUCTURES
Frontal lobe
Parietal lobe
Occipital lobe
Cingulate sulcus
Pericallosal artery
Corpus callosum
Cavum septi pellucidi
Cavum vergae*
Cavum velum interpositum*
Third ventricle
Fourth ventricle
Tentorium
Choroid plexus, third ventricle
Aqueduct
Occipitoparietal fissure
Brainstem
Vermis of cerebellum

PARAMEDIAN STRUCTURES
Frontal lobe
Parietal lobe
Occipital lobe
Frontal horn of lateral ventricle
Body of lateral ventricle
Atrium of lateral ventricle (trigone)
Temporal horn of lateral ventricle
Occipital horn of lateral ventricle
Choroid plexus
Caudate nucleus
Thalamus
Caudothalamic groove
Cerebellum

*Not always present.

Above the lateral ventricle is the cerebral cortex, and 
below it is the cerebellar hemisphere. The caudate 
nucleus and the thalamus are within the arms of the 
ventricle (Fig. 47-6, B). The caudothalamic groove at 
the junction of these two structures is an important area 
to recognize, because this is the most common site of 
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FIGURE 47-3. Coronal brain ultrasound images: normal premature newborn infant. Note cavum septi pellucidi 
extends posteriorly and becomes cavum vergae. Sylvian fissures are wider.
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FIGURE 47-4. Sagittal planes used in brain scan-
ning through anterior fontanelle. A to C correspond 
to midline to lateral. CB, Cerebellum; CC, cerebral cortex; Coc, 
corpus callosum; CN, caudate nucleus; CP, choroid plexus; CSP, 
cavum septi pellucidi; FH, frontal horn; FM, foramen of Monro; 
OH, occipital horn; T, temporal horn; 3, third ventricle; 4, fourth 
ventricle. (Modified from Rumack CM, Manco-Johnson ML. Peri-
natal and infant brain imaging: role of ultrasound and computed 
tomography. St Louis, 1984, Mosby.)

FIGURE 47-5. Normal midline sagittal anatomy. A, Schematic drawing. CC, Corpus callosum; CSP, cavum septi pellucidi; 
CP, choroid plexus; CV, cavum vergae; PR, pineal recess; SR, supraoptic recess; IR, infundibular recess; 3, third ventricle; 4, fourth ven-
tricle; A, aqueduct; CB, cerebellum (vermis); CM, cisterna magna; PCA, pericallosal artery; CS, cingulate sulcus; M, massa intermedia; T, 
tentorium; OPF, occipitoparietal fissure. B, Normal midline sagittal ultrasound brain scan. FL, Frontal lobe; P, parietal lobe; OL, occipital 
lobe; short arrow, corpus callosum; csp, cavum septi pellucidi; 3, third ventricle; 4, fourth ventricle; CB, cerebellar vermis; long arrow, 
cingulate sulcus. opf, occipitoparietal fissure.
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germinal matrix hemorrhage in the subependymal region 
of the ventricle.

More pronounced lateral angulation will demonstrate 
the peripheral aspect of the ventricles and the more 
lateral cerebral hemisphere, including the temporal 
lobes (Fig. 47-6, C ) where the middle cerebral artery 
branches extend toward the ventricle.

Sagittal sonography almost always reveals a normal 
hyperechoic peritrigonal blush just posterior and supe-
rior to the ventricular trigones on parasagittal views (Fig. 
47-6, B). It is caused by the interface of numerous parallel 
fibers that are almost perpendicular to the longitudinal 
angle of the ultrasound beam passing through the ante-
rior fontanelle. A similar area of increased echogenicity 
is not seen on sonograms obtained through the posterior 
fontanelle, because with that angulation, the long axis of 
the ultrasound beam and the fiber tracts are almost paral-
lel. Sonographic-pathologic correlations demonstrate the 
normal peritrigonal hyperechogenicity or “blush.”22

Posterior Fontanelle Imaging

The posterior fontanelle is a very useful view to evaluate 
the occipitals horns for the diagnosis of intraventricular 
hemorrhage. The posterior fontanelle lies in the midline 
at the junction of the lambdoid and sagittal sutures; it is 
open only until about 3 months of age23 (Fig. 47-7). The 
transducer should be angled slightly off midline with the 
anterior portion of the probe directed slightly medially, 
to demonstrate the lateral ventricular trigone with its 
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FIGURE 47-6. Normal paramedian sagittal 
anatomy. A, Schematic drawing. F, Frontal lobe; P, pari-
etal lobe; O, occipital lobe; FH, frontal horn; CTG, caudo-
thalamic groove (arrow on B), body of lateral ventricle; OH, 
occipital horn; TH, temporal horn; SF, sylvian fissure; 
T, thalamus; CB, cerebellum; CP, choroid plexus. B, Sagittal 
sonogram, paramedian view. FL, Frontal lobe; P, parietal 
lobe; T, thalamus; c, caudate nucleus; C, choroid plexus; 
CH, cerebellar hemisphere; B, peritrigonal blush. C, Parasag-
ittal sonogram of cerebral cortex.

FIGURE 47-7. Acoustic windows: anterior, posterior, 
and mastoid fontanelles. (Modified from Di Salvo DN. A new 
view of the neonatal brain: clinical utility of supplemental neurologic US 
imaging windows. Radiographics 2001;21:943-955.)

Anterior fontanelle

Posterior fontanelle

Posterior
fontanelle
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FIGURE 47-8. Occipital horn: posterior fontanelle images. A, Occipital horn with lobular choroid, sagittal plane. B, 
Occipital horns, axial plane (turned 90 degrees clockwise). C and D, Choroid plexus on color Doppler sonography is vascular; clot can 
be separated by the lack of vascular flow. Motion may suggest flow, so careful imaging is needed.
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C D

occipital horn in the near field (Fig. 47-8). The choroid 
glomus will be seen with extensions into the ventricular 
body and temporal horn. The occipital horn does not 
contain choroid plexus and should be completely 
anechoic. Angling the transducer into the left and right 
parasagittal planes will display each occipital horn. These 
planes are extremely useful for detecting dependently 
layering clot and clot attached to the choroid plexus. 
Inverted coronal images of both occipital horns can be 
obtained for comparison of ventricular size and echo-
genicity (Fig. 47-8, B).

Mastoid Fontanelle Imaging

The mastoid fontanelle allows assessment of the  
brainstem and posterior fossa, which are not well  

demonstrated in the standard planes through the ante-
rior fontanelle. The ultrasound transducer is placed 
about 1 cm behind the helix of the ear and 1 cm above 
the tragus. The mastoid fontanelle is located at the junc-
tion of the squamosal, lambdoidal and occipital sutures 
(see Fig. 47-7). Posterior fossa axial images, with the 
anterior portion of the transducer angled slightly cepha-
lad, will demonstrate the fourth ventricle, posterior cer-
ebellar vermis, cerebellar hemispheres, and the cisterna 
magna. These axial images should be displayed with the 
top of the head to the left. A rotated display may be 
useful occasionally to relate the anatomy to standard 
axial views from other modalities (Fig. 47-9). The radiat-
ing folia or surface folds of the cerebellum are quite 
echogenic compared to the cerebellar hemispheric paren-
chyma. Behind the fourth ventricle is the echogenic 
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FIGURE 47-9. Mastoid fontanelle images at fourth ventricle level in posterior fossa. A, Normal cerebellar hemi-
spheres (C), cerebellar vermis (V), fourth ventricle (4), and cisterna magna (CM). B, Normal cisterna magna septa extend straight and 
parallel through the subarachnoid space (arrows) and may be a remnant of Blake’s pouch cysts. (A turned 90 degrees into standard axial 
imaging format.) C, Low posterior fossa view through the vallecula (arrow) between the cerebellar hemispheres in a newborn with post-
hemorrhagic hydrocephalus. D, Foramen of Magendie, which connects the fourth ventricle and the cisterna magna, is enlarged and contains 
intraventricular hemorrhage (H).

B
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A

midline vermis, which appears much less echogenic in 
the axial view compared to midline sagittal scans. When 
angled axial images are obtained through the lower parts 
of the cerebellum below the fourth ventricle, the (nor-
mally thin) vallecula may be seen in the midline as a 
space between the cerebellar hemispheres (Fig. 47-9, C ), 
particularly in the presence of hydrocephalus. In steeply 
angled axial scans, the foramen of Magendie can be seen 
in the midline as a thin sonolucent line between the 
cerebellar hemispheres extending from and the fourth 
ventricle to the cisterna magna (Fig. 47-9, D). It should 
not be mistaken for a Dandy-Walker variant. The pres-
ence of an intact vermis on higher images and the marked  
caudal angulation required to see the vallecula allow dif-
ferentiation of this normal variant.14,15,18 Color Doppler 
ultrasound in this view allows evaluation of flow in  

the transverse and straight sinuses to exclude venous 
thrombosis.24

A slightly higher axial scan should include the thalami, 
midbrain, third ventricle, aqueduct of Sylvius, and quad-
rigeminal plate cistern, with the transducer angled  
from the standard axial plane and placed cephalad to  
the external auricle (Fig. 47-10). At this level, the thalami 
are hypoechoic, inverted, heart-shaped structures. The 
midbrain, including the cerebral peduncles and corpora 
quadrigemina, consists of paired hypoechoic lenticular 
structures just caudal to the thalami. The third ventricle 
is usually a thin cleft, barely visible between the thalami. 
The aqueduct is usually a thin echogenic line but  
may occasionally be a thin slit in the midbrain. The 
quadrigeminal cistern is echogenic and surrounds the 
midbrain.
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FIGURE 47-10. Mastoid fontanelle images of posterior fossa, midbrain level above fourth ventricle. 
A, Normal axial plane of the superior cerebellum posteriorly and the cerebral pedicles anteriorly (P). B, Normal, turned 90 degrees to 
match axial view in other modalities. C and D, Posthemorrhagic hydrocephalus. F, Frontal horn; 3, third ventricle with arrow to clot in 
third ventricle; T, temporal horn.
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THREE-DIMENSIONAL 
ULTRASOUND

Three-dimensional (3-D) ultrasound may be a useful 
adjunct to standard two-dimensional (2-D) imaging of 
the neonatal brain.25 A volume of brain can be acquired 
in a few seconds, and then computer displays of three 
octagonal slices at any angle can be reconstructed, in 
addition to coronal, sagittal, and axial planes. Brain 
lesions can be tracked in three views at once, which 
can better identify the position in the brain and the 
most likely diagnosis (Fig. 47-11). Some authors rec-
ommend 3-D volume measurement of the ventricles;26,27 
the standard method is still a qualitative assessment 
based on typical normal ventricles of different age 
groups.

STANDARDIZED REPORTS

Standardized Views for Display

Brain anatomy images should be displayed in a consis-
tent manner so that comparisons can be easily made. At 
our institution, routine images are always shown with 
the infant’s face on the left. Labels on sagittal scans 
should be “left” or “right.” Labeling “L to R” is confus-
ing and should not be necessary; the person scanning 
should always know which side off midline is being 
scanned, and the physician interpreting the scan cer-
tainly needs the correct side labeled as well. Video clips 
are more difficult and might be best done separately on 
the left and right, in addition to a full sweep through the 
entire brain from side to side.
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DEVELOPMENTAL ANATOMY

Brain Sulcal Development and 
Subarachnoid Spaces

In the very premature infant, the brain sulci are not fully 
developed and the brain appears quite smooth29,30 (Fig. 
47-12). The first sulcus to form is the primitive, almost 
square, sylvian fissure, best seen on coronal images31 
(see Fig. 47-3, C ). Sulcal development, best evaluated 
on midline sagittal images, then extends to the calcarine 
fissure as a simple straight line in the fifth gestational 
month (20 weeks).32 By 24 to 25 weeks’ gestation, the 
occipitoparietal fissure is present, but no actual sulci 
(Fig. 47-13, A). By 28 weeks, the callosomarginal 
sulcus over the corpus callosum and a simple linear 
cingulate sulcus superior and parallel to the corpus cal-
losum are seen (Fig. 47-13, B). By 30 weeks, the cingu-
late sulcus is also branched (Fig. 47-13, C ). Between 33 
and 40 weeks’ gestation, sulci bend, branch, and anasto-
mose so that a full-term infant has many peripheral 
branches over the brain surface (Fig. 47-13, D). The 
subarachnoid spaces are prominent in the very 

Using the American College of Radiology (ACR) 
Practice Guideline for the Performance of Neuroso-
nography in Neonates and Infants,28 there are specific 
questions to answer. Developing a template for reports 
is a useful task to pursue to ensure you do not forget 
what needs to be covered. Be careful not to make the 
template so completely normal that you forget to change 
sections where that patient is abnormal. Setting defaults 
that require you to approve the normal or change to an 
abnormal dictation is much safer, to remind you to look 
at each of these anatomic areas as you dictate.

FIGURE 47-11. Fetal encephalocele. A, Three-dimensional (3-D) ultrasound orthogonal views shown simultaneously with a 
volume-rendered (gold) image. B, Magnified view of encephalocele alone. C and D, Fetal T2-weighted MRI and same image flipped to 
head up, facing left, shows encephalocele with cystic and solid components. E, Posterior, volume-rendered 3-D ultrasound shows a magni-
fied view of the encephalocele. A large amount of brain has extended out of the skull into the large, cystic cerebrospinal fluid.
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C D E

ULTRASOUND OF THE BRAIN: 
STANDARD REPORT TEMPLATE

The ventricular size and configuration are 
<normal>.

The corpus callosum is <present> <above the 
cavum septum pellucidi and/or cavum vergae>.

There is <no hemorrhage in the caudothalamic 
groove or in the ventricular system>.

The cerebellar vermis, fourth ventricle, and 
cerebellar hemispheres <appear normal>.
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contains the cavum septi pellucidi anterior to the foramen 
of Monro (Fig. 47-13; see also Fig. 47-3) and the cavum 
vergae posteriorly. Both parts are normally present early 
in gestation, but they close from back to front, starting 
at approximately 6 months’ gestation (Fig. 47-14). By 
full term, closure has occurred posteriorly in 97% of 
infants so that there is only a cavum septi pellucidi at 
birth. By 3 to 6 months after birth, this septum is com-
pletely closed in 85% of infants, although in some, the 
septum remains open into adulthood.35 In fetal brain 
imaging, Callen et al.36 reported that the columns of the 
fornix can be mistaken for the cavum septi pellucidi. On 
axial views below the frontal horns, the fornix appears as 
a cystic structure with a central linear echo. Absence of 
the corpus callosum may be missed on diagnosis because 
the fornices will be present and simulate the cavum 
between the two frontal horns. Careful evaluation of the 

premature infant, causing the sylvian fissure to be almost 
square, whereas later, after infolding of the insula (oper-
cularization), it becomes a narrow, echogenic fissure 
filled with middle cerebral artery branches.30,33

Although not used routinely, measurement of the sub-
arachnoid space on a magnified view of the brain can be 
done from the triangular sagittal sinus to the surface of 
the cortex. Armstrong et al.34 report this space is nor-
mally less than 3.5 mm in 95% of preterm infants before 
36 weeks’ gestation. Closer to term, the values tended to 
be at the higher end of the range, increasing weekly.

Cavum Septi Pellucidi  
and Cavum Vergae

There is one continuous cystic midline structure in the 
septum pellucidum during fetal life. The septum 

22 Wks

24 Wks

26 Wks

28 Wks

30 Wks 40 Wks

38 Wks

36 Wks

34 Wks

32 Wks

FIGURE 47-12. Normal sulcal pattern development. At 22 to 40 weeks’ gestation. (From Dorovini-Zis K, Dolman CL. 
Gestational development of brain. Arch Pathol Lab Med 1977;101:192-195.)



Chapter 47 ■ Neonatal and Infant Brain Imaging  1571

effect or associated anomaly of the corpus callosum. 
Chen et al.37 reports that 21% of neonates have a cavum 
velum interpositum on sonography. By 2 years of age, 
this cystic structure is an uncommon finding and thus is 
thought to be a normal stage of brain development. 
Rarely, a cyst is found in this area that causes compres-
sion of other structures.

Frontal Horn Variants

A few newborns have cysts exactly parallel (not above or 
below) and adjacent to the frontal horns (Fig. 47-15). 
These cysts are typically bilateral and have septations 
between the cyst and the frontal horns. Frontal horn 
cysts, also called coarctation of the frontal horn39 and 
connatal cysts,40 are caused by folding of the frontal 

inferior position of the fornices below the frontal horns 
will avoid this error.

Cavum Veli Interpositi

The cavum of the velum interpositum represents a 
potential space above the choroid in the roof of the third 
ventricle and below the columns of the fornices.2,37 It 
may appear as an anechoic, inverted, helmetlike space 
just inferior and posterior to the splenium in the pineal 
region (see Fig. 47-13, C ). Blasi et al.38 describe the 
prenatal diagnosis of the cavum veli interpositi on 2-D 
and 3-D ultrasound with color flow Doppler. Careful 
study of the anatomic location of the cystic structure, its 
size, and changes over time is required to be certain this 
is a normal variant, not an arachnoid cyst with mass 

FIGURE 47-13. Normal premature infant brain. Sagittal images at 25 to 40 weeks’ gestation. A, 25 weeks. No sulci; corpus 
callosum lies above completely cystic cavum septi pellucidi and cavum vergae. Arrow, Occipitoparietal fissure. B, 27 weeks. Cingulate 
sulcus (arrow) is just developed, and cavum septi pellucidi (C) and cavum vergae (V) are readily visible. C, 30 weeks. Cingulate sulcus 
(short arrow) has a few branches. Long arrow, Cavum velum interpositum. D, 40 weeks. Cingulate sulcus (arrow) has many branches. 
The septum pellucidum is no longer cystic. V, Cerebellar vermis; 3, third ventricle; 4, fourth ventricle; arrowheads, corpus callosum.
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plexus tapers laterally as it extends into the temporal 
horn of the lateral ventricle. The choroid plexus does not 
extend into the frontal or occipital horn. Choroid plexus 
is also present in the roof of the fourth ventricle. Small 
cysts in the choroid plexus are common and in fact are 
usually small vessels.

The glomus of the choroid plexus is often doubled and 
thus appears lobulated (Fig. 47-17). Some authors have 
termed this appearance a “split” choroid plexus.41 It 
may be mistaken for clot adhering to the choroid plexus. 
Color Doppler ultrasound will differentiate the normal 
highly vascular choroid from similarly echogenic, but 
avascular, clot (see Fig. 47-8, C ). Coronal views may also 
show a flattened or truncated choroid plexus at the level 

horn on itself, resulting in kinking (seen as a septation). 
Typical normal frontal horns are directly lateral to  
the cavum septi pellucidi on coronal images, below the 
corpus callosum. The frontal horns are relatively thin 
compared to the occipital horns.

Choroid Plexus and Variants

The choroid plexus is the site of CSF production in the 
ventricles (Fig. 47-16). The largest portion of the choroid 
plexus is the glomus, a highly echogenic structure 
attached to the trigone of each lateral ventricle. The 
choroid tapers as it extends anteriorly to the foramen of 
Monro and continues from each lateral ventricle into 
and along the roof of the third ventricle. The choroid 

FIGURE 47-15. Frontal horn cysts. A and B, Coronal and sagittal sonograms show uncommon normal cystic variants, also called 
frontal horn coarctation or connatal cysts. Frontal horn cysts appear to be septations in the ventricles (arrow) but are thought to be caused 
by folding of the frontal horn on itself.
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Cavum vergae

CSP

FIGURE 47-14. Cavum septi pellucidi (CSP). Arrow 
indicates cavum vergae projecting on the medial surface of the 
lateral ventricles. (From Rumack CM, Manco-Johnson ML. Perina-
tal and infant brain imaging: role of ultrasound and computed 
tomography. St Louis, 1984, Mosby.)

Choroid 3rd ventricle roof

Choroid glomus
in trigone of
lateral ventricle

FIGURE 47-16. Choroid plexus. Drawing shows choroid 
plexus as it courses through the third and lateral ventricles (arrows). 
(From Rumack CM, Manco-Johnson ML. Perinatal and infant 
brain imaging: role of ultrasound and computed tomography. St 
Louis, 1984, Mosby.)
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Germinal Matrix

The germinal matrix develops deep to the ependyma and 
consists of loosely organized, proliferating cells that give 
rise to the neurons and glia of the cerebral cortex and 
basal ganglia (Fig. 47-18). Its vascular bed is the most 
richly perfused region of the developing brain. Vessels in 
this region form an immature vascular rete of fine capil-
laries, extremely thin-walled veins, and larger irregular 
vessels.42 The capillary network is best developed on the 
periphery of the germinal matrix and becomes less well 
developed toward the central glioblastic mass. Although 
the germinal matrix is not visualized on sonography, it 
is important as the typical anatomic site over the caudate 
nucleus where germinal matrix hemorrhage occurs in 
premature infants.

Early in gestation, the germinal matrix forms the entire 
wall of the ventricular system. After the third month of 
gestation, the germinal matrix regresses, first around the 
third ventricle, then around the temporal and occipital 

of the thickest portion at the trigone, probably related to 
the angle of the transducer to the choroid.41 If there is a 
large ventricle, the choroid will normally “dangle,” or 
hang down toward the dependent ventricle, when the 
infant is lying on its side (Fig. 47-17, C ). Look carefully 
at choroid cysts, and turn on color Doppler ultrasound; 
many “choroid cysts” are actually vessels to the choroid.

PITFALLS IN NEUROSONOGRAPHY

Peritrigonal blush
Choroid plexus shapes affected by position

Normal choroid plexus: split, lobulated, or 
truncated

Dangling choroid (in hydrocephalus)
Normal choroidal vessels vs. choroid plexus cyst
Normal choroid plexus vs. hemorrhage around 

the choroid
Asymmetrical normal-sized ventricles
Dandy-Walker malformation in fetal imaging

B

CA

CA

O
C

FIGURE 47-17. Choroid plexus and calcar avis. A and B, 
Posterior fontanelle views of lateral ventricle. A, Normal choroid plexus 
glomus (c) does not extend into the occipital horn (O). B, Calcar avis 
(CA) can be averaged into the occipital horn and imitate hemorrhage. 
Note continuity with the adjacent brain identifies this structure. C, Axial 
view of two lateral ventricles shows “dangling” choroid plexus hanging 
down into the lower ventricle in this newborn with hydrocephalus from 
aqueductal stenosis (same patient as Fig. 47-40).
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wide communication between the fourth ventricle and 
cisterna magna. Slightly more superior axial views will 
show the normal cerebellar vermis. This appearance has 
caused the mistaken fetal diagnosis of a Dandy-Walker 
malformation, particularly since the cerebellum is not 
fully formed normally and still growing at birth. The 
appearance of a missing or hypoplastic vermis can be 
evaluated carefully by moving the transducer superiorly 
to catch the normal vermis. The cerebellar vallecula is a 
variably sized subarachnoid space below and not con-
tinuous with the fourth ventricle. The foramen of 
Magendie is thinner than the vermian cleft in a Dandy-
Walker variant18 (see Fig. 47-9).

Evaluation of posterior fossa anatomic developmental 
stages has greatly improved with MRI of the fetal brain 
and may be necessary to diagnose a Dandy-Walker  
malformation confidently. Without confirming findings, 
however, this diagnosis should be approached cautiously 
because it may be a normal variant.43-45

Cisterna Magna

Cisterna magna septa are typically seen inferior and pos-
terior to the cerebellar vermis, usually straight and paral-
lel (see Fig. 47-9). These septa arise at the cerebellovermian 
angle and continue to the occipital bone. Robinson and 
Goldstein46 propose that these septa are a remnant of 
Blake’s pouch cysts and thus a marker of normal cerebel-
lar development.47,48

CONGENITAL BRAIN 
MALFORMATIONS

Congenital brain malformations are the most common 
anomalies in humans.42,49,50 Malformations can be clas-
sified based on brain development and the types of 
anomalies that result when development is altered.

Brain development can be divided into three stages.51 
Cytogenesis involves the formation of cells from mole-
cules. Histogenesis is the formation of cells into tissues 
and involves neuronal proliferation and differentiation. 
Organogenesis is the formation of tissues into organs.

Organogenesis can be subdivided into further stages52 
(Fig. 47-19). The first stage, neural tube formation and 
closure, occurs at 3 to 4 weeks’ gestation. The neural 
plate folds in on itself, fusing dorsally and giving rise to 
the earliest recognizable brain and spinal cord. In the 
next stage, segmentation and diverticulation of 
the forebrain occur at approximately 5 to 6 weeks. The 
single central fetal ventricle separates into two lateral 
ventricles, and the brain divides into two cerebral hemi-
spheres. Anterior diverticulation results in the formation 
of the olfactory bulbs, optic vesicles, and the induction 
of facial development. The pituitary and pineal gland 
also develop by diverticulation from the ventricle at  
this stage.

horns and trigone. By 24 weeks’ gestation, the germinal 
matrix persists only over the head of the caudate nucleus 
and to a lesser extent over the body of the caudate. By 32 
weeks’ gestation, it is unusual to see germinal matrix 
hemorrhage because these cells migrate out to the cere-
bral cortex. This regression continues until 40 weeks’ 
gestation, when the germinal matrix ceases to exist as a 
discrete structure, and the immature vascular rete has 
been remodeled to form adult vascular patterns.

Calcar Avis

On posterior fontanelle views, a normal gyrus, the calcar 
avis, frequently protrudes into the medial aspect of the 
lateral ventricle at the junction of the trigone and occipi-
tal horn (see Fig. 47-17, B). It can be recognized due to 
a central echogenic sulcus (calcarine fissure), its conti-
nuity with the adjacent brain, and normal vascularity on 
color Doppler ultrasound.41 The calcar avis is seen when 
the occipital horn is cut slightly off center and catches 
that portion of brain. Although this normal brain gyrus 
may mimic intraventricular clot, slightly turning the 
transducer will show its continuity with the brain.

Cerebellar Vermis

Because the cerebellum develops late in gestation, a mis-
taken fetal diagnosis of cerebellar vermian hypoplasia  
is occasionally made. If axial scans are done below the 
normal level of the 4th ventricle, the vallecula between 
the cerebellar hemispheres may be mistaken for a Dandy-
Walker variant. Pseudoabsence of the inferior vermis41 
or pseudo–vermian hypoplasia can be appreciated on 
axial views through the posterior fossa. There may appear 
to be a small or absent cerebellar vermis and a 

GM

FIGURE 47-18. Germinal matrix. Drawing shows germi-
nal matrix (GM) at 30 to 32 weeks’ gestation, with largest amount 
near the caudate nucleus. (From Rumack CM, Manco-Johnson ML. 
Perinatal and infant brain imaging: role of ultrasound and com-
puted tomography. St Louis, 1984, Mosby.)
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Neuronal proliferation and migration occur at 8 to 
24 weeks’ gestation. Tremendous cellular proliferation is 
necessary to provide a growing brain with the necessary 
building blocks to form properly. Finally, millions of 
cells must migrate into the organized functional struc-
ture that is recognized as a normal brain. The germinal 
matrix is a source of many of the migrating cells and 
eventually disappears as they migrate out. Myelination 
occurs from approximately the second trimester to  
adulthood but is most active from directly after birth 

CONGENITAL BRAIN 
MALFORMATIONS

DISORDERS OF ORGANOGENESIS
Disorders of Neural Tube Closure

Chiari malformations
Agenesis of the corpus callosum
Lipoma of the corpus callosum
Dandy-Walker malformation/variant
Posterior fossa arachnoid cyst
Teratoma

Disorders of Diverticulation and Cleavage
Septo-optic dysplasia
Holoprosencephaly (alobar, semilobar, lobar)

Disorders of Sulcation/Cellular Migration
Lissencephaly
Schizencephaly
Heterotopias
Pachymicrogyria or polymicrogyria

DISORDERS OF SIZE

DISORDERS OF MYELINATION

DESTRUCTIVE LESIONS

DISORDERS OF HISTOGENESIS
Neurocutaneous Syndromes 
(Phakomatoses)

Tuberous Sclerosis
Neurofibromatosis

Congenital Vascular Malformations

DISORDERS OF CYTOGENESIS
Congenital neoplasms

Modified from DeMeyer classification of anomalies.22-24

STAGES OF BRAIN DEVELOPMENT*

Cytogenesis: Development of molecules into cells.
Histogenesis: Development of cells into tissues.
Organogenesis: Development of tissues into 

organs.
Neural tube closure (dorsal induction: 3-4 weeks’ 

gestation)
Diverticulation (ventral induction: 5-6 weeks’ 

gestation)
Neuronal proliferation (8-16 weeks’ gestation)
Neuronal migration (24 weeks’ gestation to 

years)
Organization (6 months’ gestation to years after 

birth)
Myelination (birth to years after birth)

Modified from Volpe JJ. Neurology of the newborn. 5th ed. 
Philadelphia, 2008, Saunders-Elsevier.

*Stages overlap in time but may be individually 
abnormal.

FIGURE 47-19. Stages of organogenesis. The neural 
tube closes at 3 to 4 weeks’ gestation, including closure of the 
anterior and posterior neuropores. At 5 to 6 weeks, the brain seg-
ments and five types of diverticula form. First, the paired olfactory 
tracts, optic tracts, and cerebral ventricles develop, then the 
unpaired pineal and pituitary. Neural proliferation, migration, 
organization, and myelination occur after these stages. (From 
DeMyer W. Classification of cerebral malformations. Birth Defects 
Orig Artic Ser 1971;7:78-93.)

Neural tube
closer

Segmentation

Diverticulation

Anterior and posterior
neuropore closure
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There is usually marked enlargement of the massa 
intermedia on the coronal and midline sagittal ultra-
sound images. Although the third ventricle is often 
enlarged and the aqueduct is kinked, the enlarged massa 
intermedia often fills the third ventricle, causing it to 
appear only slightly larger than normal. The fourth ven-
tricle is often not visualized because it is thin, elongated, 
compressed, and displaced into the upper spinal canal. 
The frontal horns are typically small and pointed, with 
the posterior horns of the lateral ventricles often dispro-
portionately large, in a configuration similar to fetal ven-
tricles called colpocephaly. The corpus callosum is 
usually absent. If only partial absence of the corpus cal-
losum occurs, the ventricles may not be parallel, as 
typical of complete agenesis. The anterior and inferior 
pointing of the frontal horns has often been referred 
to as a “bat wing” configuration (Figs. 47-20 to 47-24; 
Videos 47-2 and 47-3). The septum pellucidum may be 
completely or partially absent (Fig. 47-24). The inter-
hemispheric fissure usually appears to be widened on 
coronal images, particularly after shunting (Fig. 47-22). 
There may also be gyral interdigitation (Fig. 47-23). 
The posterior fossa is usually small, and the tentorium 
appears relatively low and hypoplastic. Hydrocephalus 
resulting from the Chiari II malformation is frequently 
mild in utero and becomes more severe at birth after 
repair of the myelomeningocele and the tethered cord 
(Video 47-4). When CSF circulation can no longer 
decompress into the myelomeningocele after the repair, 
hydrocephalus typically worsens. Neonatal screening for 
hydrocephalus will be best done routinely about 2 days 
after the myelomeningocele repair, as the ventricles  
may appear undilated before this event. Ultrasound diag-
nosis of craniolacunia (lacuna skull, lückenschädel) may 
be seen on sonography. Lacunar skull is a dysplasia that 
is often present at birth in the Chiari II malformation. 
The lacunar skull has a wavy, irregular appearance of the 

until approximately 2 years of age.49,50 Migration and 
myelination defects are best evaluated by MRI and well 
described by Barkovich.31 MRI has greatly increased our 
understanding of brain development, and many genetic  
and environmental factors may interfere with normal 
development.

Destructive lesions can occur at any point in brain 
development. Congenital malformations of the brain  
are often diagnosed in utero, and neonatal sonographic 
imaging may be needed to confirm or further evaluate 
the prenatal diagnosis. In most cases, MRI may be 
required to clarify the ultrasound findings. CT is rarely 
able to add value in premature infants because contrast 
of normal structures is obscured by large amounts of 
normal brain water. In general, MRI is preferred because 
it best demonstrates sulcal patterns, migrational anoma-
lies, and abnormal myelination. Disorders of cerebellar 
growth and development are now better understood 
with major advances in fetal MR neuroimaging and  
with major advances in genetics. Limperopoulos and  
du Plessis53 discuss cerebellar development in a detailed 
review. Patel and Barkovich54 describe a revised classifi-
cation of cerebellar malformations that updates molecu-
lar biology findings with recent MRI discoveries.

DISORDERS OF NEURAL  
TUBE CLOSURE

Chiari Malformations

There are three classic Chiari malformations. Chiari I 
malformation is simply the downward displacement of 
the cerebellar tonsils, without displacement of the fourth 
ventricle or medulla. Chiari II malformation is the most 
common and of greatest clinical importance because of 
its almost universal association with myelomeningocele. 
Chiari III malformation is a high cervical encephalo-
meningocele in which the medulla, fourth ventricle, and 
virtually the entire cerebellum reside.

Classic sonographic findings of the Chiari II mal-
formation involve the entire brain. Present theories 
propose that a failure in neural tube closure results in a 
small posterior fossa.31,55 In early brain development, 
abnormal neural tube closure may result in a spinal 
defect such as a myelomeningocele. This decompresses 
the ventricles and leads to underdevelopment of the pos-
terior fossa bony structures. The intracranial findings are 
the result of the small posterior fossa.56-59 The tentorial 
attachment is low, and the combined effect causes com-
pression of the upper cerebellum by the tentorium. The 
inferior cerebellum is compressed and displaced into the 
foramen magnum. The cerebellar tonsils and vermis her-
niate into the spinal canal through an enlarged foramen 
magnum. The pons and medulla are inferiorly displaced, 
as is the elongated fourth ventricle (Figs. 47-20 and 
47-21; Video 47-1).

CHIARI II MALFORMATION: 
SONOGRAPHIC FINDINGS

Anterior and inferior pointed frontal horns
Batwing configuration

Enlarged lateral ventricles with occipital horns 
larger than frontal horns
Colpocephaly

Third ventricle appearing only slightly enlarged
Enlarged massa intermedia fills third ventricle.

Elongation and caudal displacement of fourth 
ventricle, pons, medulla, and vermis

Nonvisualized fourth ventricle because of 
compression

Partial absence of septum pellucidum
Interhemispheric fissure

Wide, especially after shunting
Interdigitation of gyri causes serrated appearance.
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Agenesis of Corpus Callosum

The corpus callosum forms broad bands of connecting 
fibers between the cerebral hemispheres. Development 
of the corpus callosum occurs between the eighth and 
20th week of gestation, beginning ventral and extending 
dorsal.31,61,62 MR images from early fetuses show that the 
genu and anterior body develop first, and development 
proceeds both anteriorly to the rostrum and posteriorly 
to develop the splenium.31,63 Therefore, depending on 
the timing of the intrauterine insult, development may 
be partially arrested, or complete agenesis may occur. If 
partial, the genu is usually present, and the dorsal sple-
nium or the anterior rostrum is absent. Because an insult 
causing anomalies of the corpus callosum must occur 
early in development (8-20 weeks’ gestation), other 
central nervous system (CNS) anomalies occur in up to 

FIGURE 47-20. Chiari II malformation. A, Lateral parasagittal sonogram, and B, MR image, show pointing of frontal horn 
(curved arrow) and colpocephaly; O, occipital horn; T, trigone of lateral ventricle. C, Midline sagittal sonogram, and D, midline sagittal 
MR image, show enlargement of massa intermedia (M) and tonsillar herniation through foramen magnum (arrow). (From Rumack CM, 
Manco-Johnson ML. Perinatal and infant brain imaging: role of ultrasound and computed tomography. St Louis, 1984, Mosby.)

B

DC

A

inner calvarium.9 Craniolacunia will disappear over the 
first year of life even without shunting.

Routine prenatal screening for maternal serum alpha-
fetoprotein (MS-AFP), which is elevated with neural 
tube defects, and the widespread use of sonography in 
pregnancy allow for the prenatal diagnosis of most Chiari 
malformations60 (see Fig. 47-22). Because of its classic 
appearance, the Chiari II brain malformation is often 
recognized in utero and alerts the sonographer to look 
closely for a myelomeningocele. In less than 2% of 
myelomeningoceles, the neural tube defect is covered by 
skin, so there is no elevation of MS-AFP and there may 
be no Chiari II malformation (Fig. 47-25). Sonography 
or CT is reliable for follow-up of shunting procedures. 
MRI may be necessary to evaluate infants with symp-
toms suggesting brainstem compression because this may 
require decompression of the foramen magnum.
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occipital horns (colpocephaly) and often, enlarged tem-
poral horns (Fig. 47-27). Probst bundles, longitudinal 
callosal fibers that failed to decussate or cross to the other 
cerebral hemisphere, bulge into the ventricles along the 
superomedial aspect of the lateral ventricles (see Figs. 
47-23 and 47-25). These are best seen on coronal images 
as the concave medial border to the lateral ventricles. 
There is no septum pellucidum. The third ventricle is 
dilated and elevated; its roof extends superiorly between 
the lateral ventricles and into the interhemispheric fissure 
and may be associated with a dorsal midline cyst (Fig. 
47-28). The medial cerebral sulci are typically radially 
arranged, perpendicular to the expected course of the 
corpus callosum, causing a “sunburst” sign’ on sagittal 
midline images (Fig. 47-29). The pericallosal sulcus is 
missing, and the cingulate sulcus is absent or present only 
as unconnected segments. Because agenesis of the corpus 
callosum has additional brain anomalies in more than 
75% of patients, further evaluation with postnatal MRI 
is indicated. Cerebellar hypoplasia, gyral anomalies, 
and heterotopia are seen most often on fetal MRI.27

80% of cases.27,63 These associated anomalies include 
Chiari II and Dandy-Walker malformations, holo-
prosencephaly, encephaloceles, lipomas, arachnoid 
cysts, migrational abnormalities, and Aicardi syn-
drome (female infants with agenesis of the corpus cal-
losum, ocular abnormalities, and infantile spasms). If the 
corpus callosum is absent, MRI will be valuable either 
in utero or at birth to delineate associated findings that 
may cause a poor prognosis and change patient manage-
ment.31,64,65 Isolated agenesis of the corpus callosum may 
have a normal prognosis. However, Barkovich31 reports 
symptomatic patients with absence of the corpus callo-
sum typically present with seizures, microcephaly, 
delayed development, mental retardation or hypotha-
lamic dysfunction.

The key diagnostic clues to agenesis of the corpus cal-
losum on sonography are the widely spaced, parallel-
oriented lateral ventricles that have extremely narrow, 
often slitlike frontal horns62 (Fig. 47-26). Coronally, the 
frontal horns and ventricular bodies have sharply angled, 
lateral peaks. There may be relative enlargement of the 

FIGURE 47-21. Classic Chiari II malformation. Midline sagittal images show large massa intermedia (9) and tonsillar hernia-
tion (2). A, Pathology specimen; 1, compressed fourth ventricle. B, Sonogram. C, MR image. (From Osborn AG. Diagnostic neuroradiol-
ogy. St Louis, 1994, Mosby.)
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FIGURE 47-22. Chiari II malformation: neonatal ultrasound and fetal MRI comparison. A and B, Sagittal and 
coronal sonograms show typical pointed frontal horns with large occipital horns (called colpocephaly), but these frontal horns are not as 
thin as when the entire corpus callosum is absent. Low-level echoes from intraventricular hemorrhage during birth. Fetal ultrasound did 
not visualize the spinal defect because of a breech position. C to F, Fetal T2-weighted MR scans. C, Axial view, and D, axial view turned 
90 degrees, show typical pointed frontal horns and hydrocephalus. E, Posterior fontanelle view of the huge occipital horn at birth shows 
the unusually large shape more clearly than the axial views, which only demonstrate the lateral width and do not display as well the pos-
terior dilation laterally. F, Sagittal view shows the small spinal defect (arrow) missed on fetal ultrasound.
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C D

E F
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FIGURE 47-23. Chiari II and absent corpus callosum. A and B, Anterior and posterior coronal ultrasound scans show widely 
separated ventricles and thin frontal horns typical of absence of the corpus callosum, with pointing of the ventricles seen in both anomalies. 
Gyral interdigitation is best seen before shunting in this patient. C and D, Anterior and posterior coronal ultrasound scans show Chiari 
II after ventriculoperitoneal shunting for hydrocephalus. The right lateral ventricle is much smaller, typical of the side with the shunt. 
Interhemispheric widening is present often after shunts are placed.
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Corpus Callosum Lipoma

Maldevelopment of embryonic neural crest tissues may 
result in lipomas of the interhemispheric fissure. These 
lipomas have no mass effect and thus do not require 
surgery. Corpus callosum lipomas account for 30% to 
50% of intracranial lipomas and are associated with dys-
genesis of the corpus callosum31,61 (Fig. 47-30).

Dandy-Walker Malformation

Dandy-Walker malformation presents as a dilated fourth 
ventricle in direct communication with the cisterna 
magna (Fig. 47-31, A and B). The posterior fossa is 
enlarged, with elevation of the tentorium cerebelli, 
straight sinus, and torcula herophili at the venous sinus 

AGENESIS OF CORPUS CALLOSUM: 
SONOGRAPHIC FINDINGS

Absent corpus callosum
Absent cingulate gyrus and sulcus
Radial arrangement of medial sulci above third 

ventricle (“sunburst” sign)
Widely spaced, parallel lateral ventricles
Extremely narrow frontal horns (slitlike)
Concave or straight medial borders secondary to 

Probst bundles
Colpocephaly (dilated atria and occipital horns)
Elevated third ventricle extending between lateral 

ventricles, continuous with interhemispheric 
fissure, with or without dorsal cyst

Absent septum pellucidum
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confluence. The vermis of the cerebellum is hypoplastic 
to absent, and the cerebellar hemispheres are variably 
hypoplastic and displaced laterally by the enlarged fourth 
ventricle. The brainstem may be compressed anteriorly or 
hypoplastic. Generalized obstructive hydrocephalus 
occurs in up to 80% of cases. If there is also agenesis of 
the corpus callosum (Fig. 47-31, C-F ), colpocephaly 
(fetal-like ventricles) is typically present.10,61,66

FIGURE 47-24. Chiari II and absence of septum pellucidum. A, Coronal sonogram, and B, CT scan, show continuity 
between frontal horns resulting from absence of the septum pellucidum.

A B

DANDY-WALKER MALFORMATION: 
SONOGRAPHIC FINDINGS

Enlarged fourth ventricle connects to Dandy-Walker 
cyst posteriorly

Large posterior fossa
Hypoplastic cerebellar vermis
Hypoplastic cerebellar hemispheres displaced 

laterally by fourth ventricle
Small brainstem
Hydrocephalus of ventricles (80%)

Obstruction above and below fourth ventricle
Absent corpus callosum (70%)

The etiology of Dandy-Walker malformation is not 
definitively known. Theories include agenesis of the 
foramina of Luschka and Magendie in the first trimester, 
malformation of the roof of the fourth ventricle, and 
delayed opening of the foramen of Magendie.31,61 The 
prenatal diagnosis of Dandy-Walker malformation, with 

differentiation from Dandy-Walker variant, a posterior 
fossa arachnoid cyst, and mega cisterna magna, is usually 
possible. Some severe cases may be diagnosed early,  
but typically, Dandy-Walker malformation is diagnosed 
after 17 weeks’ gestation, when the inferior vermis has 
normally completely formed.40,67-71

The Dandy-Walker malformation is associated with 
other CNS anomalies in up to 70% of cases. These 
include partial or complete agenesis of the corpus cal-
losum, encephalocele, holoprosencephaly, microcephaly, 
gray matter heterotopia, and gyral malformations.  
Chromosomal abnormalities are described in up to  
20% to 50% of cases and include trisomy 13, 18, and 
21. Other associated anomalies include: gastrointestinal, 
genitourinary, cardiac, musculoskeletal, and pulmonary 
malformations, including congenital diaphragmatic 
hernia and cystic hygroma.59,66,67,71-73

Therapy for the Dandy-Walker malformation includes 
ventriculoperitoneal shunting, which will decompress 
the lateral ventricles but may not decompress the poste-
rior fossa cyst (see Fig. 47-30, C ). The cyst may require 
a separate shunt for decompression. Sonography can  
be used to follow these procedures until the infant is 
approximately 18 months of age, but this method is 
rarely used after the first few months of life.

In Dandy-Walker variant, there again is variable 
hypoplasia of the posterior inferior vermis and commu-
nication between the fourth ventricle and cisterna magna 
(Fig. 47-32). The fourth ventricle is slightly to moderately 
enlarged. In the Dandy-Walker variant, the posterior 
fossa is normal in size, and although the vermis is small, 
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FIGURE 47-25. Myelomeningocele, skin covered, with no Chiari II malformation. A, Midline sagittal brain ultra-
sound, and B, photograph, of myelomeningocele. C, Sagittal spine ultrasound, and D, T2-weighted MRI, show tethered cord extending 
almost to the sacrum. With 98% of myelomeningoceles having a Chiari II malformation, only 2% are skin covered and may not have a 
Chiari malformation.
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the cerebellar hemispheres are normal. There is no associ-
ated hydrocephalus. Mastoid fontanelle views should be 
taken in this setting through the fourth ventricle so that 
the normal foramen of Magendie and vallecula, which 
may be enlarged with hydrocephalus, are not mistaken 
for a Dandy-Walker variant (see Fig. 47-9, C ). The 
Dandy-Walker variant typically has vermian hypoplasia, 
an enlarged 4th ventricle, a large aqueduct, and a large 
third ventricle.18 Chromosomal abnormalities occur in 
up to 30% of these infants. Associated CNS or extra-CNS 
anomalies may impact the outcome of the infant more 
than the Dandy-Walker variant.31,61,66,68,70

Two differential diagnoses of posterior fossa cystic 
lesions mimic Dandy-Walker syndrome. A mega cis-
terna magna is a normal variant with no mass effect that 
is not associated with the development of hydrocephalus 
and has a normal cerebellar vermis, fourth ventricle, and 

cerebellar hemisphere61 (Fig. 47-33). A posterior fossa 
subarachnoid cyst can be differentiated from Dandy-
Walker malformation or variant by the lack of commu-
nication of the cyst with the fourth ventricle. The normal 
fourth ventricle, vermis, and cerebellum are displaced by 
the arachnoid cyst.69,72

Complete agenesis of the cerebellar vermis without 
hydrocephalus occurs in Joubert’s syndrome, with 

POSTERIOR FOSSA CYSTIC LESIONS

Dandy-Walker syndrome
Mega cisterna magna

Normal variant
Posterior fossa subarachnoid cyst

Cyst does not connect with the fourth ventricle.
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FIGURE 47-26. Agenesis of the corpus callosum, isolated anomaly. A, Tiny frontal horns are widely separated. 
B, Starburst sulci radiate above the third ventricle. C and D, Occipital horns are larger than frontal horns and widely separated.
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associated symptoms including episodic hyperpnea, 
ataxia, abnormal eye movements, and mental retarda-
tion.31,61 This anomaly is thought to be caused by the 
inability of the posterior fossa axons to cross the midline.74 
There is a Meckel-like syndrome with Dandy-Walker 
malformation, polycystic kidneys, hepatic fibrosis, and 
hand and genital anomalies. True Meckel-Gruber syn-
drome includes an encephalocele, renal cystic dysplasia, 
short limbs, and polydactyly.73

DISORDERS OF DIVERTICULATION 
AND CLEAVAGE: 
HOLOPROSENCEPHALY

Holoprosencephaly results from a failure of diverticula-
tion when the primitive prosencephalon does not divide 
into the telencephalon and the diencephalon between the 

fourth and eighth weeks of gestation. The telencephalon 
normally develops into the cerebral hemispheres, ven-
tricles, putamen, and caudate nuclei. The diencephalon 
becomes the third ventricle, thalami, hypothalamus, and 
lateral globus pallidus. Holoprosencephaly represents a 
spectrum of malformations that form a continuum from 
most severe, with no separation of the telencephalon into 
hemispheres (alobar holoprosencephaly), to least severe, 
with partial separation of the dorsal aspects of the brain 
(lobar holoprosencephaly). The septum pellucidum is 
absent in all forms of holoprosencephaly (Fig. 47-34).

Septo-optic Dysplasia

Some consider the mildest form of lobar holoprosen-
cephaly to be septo-optic dysplasia, with absence of the 
septum pellucidum and optic nerve hypoplasia (Fig. 
47-35; Video 47-5). About two thirds of these infants 
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FIGURE 47-27. Agenesis of the corpus cal-
losum. A and B, Sagittal and coronal sonograms, and 
C, CT scan, show marked tapering of the frontal horns 
with larger occipital horns (colpocephaly).

have hypothalamic-pituitary dysfunction. They may 
have visual symptoms and growth restriction. Besides 
presenting with holoprosencephaly, callosal agenesis, and 
Chiari I malformations, other associations suggest septo-
optic dysplasia may occur from destructive processes that 
cause schizencephaly and chronic severe hydrocephalus.31 
Intermediate severity between alobar and lobar is semi-
lobar holoprosencephaly, with fusion of the cortex and 
ventricle anteriorly but variable separation posteriorly; 
facial anomalies are mild or absent. Anomalies of the face 
and calvarium accompany and help predict the severity 
of the brain malformation, because the face develops at 
the same time as the brain during diverticulation. Cases 
of holoprosencephaly are usually suspected as a result of 
the accompanying facial anomalies, with more severe 
facial anomalies predicting more severe intracranial 

anomalies. Holoprosencephaly is most frequently seen in 
trisomy 13 and 18 syndromes and can also be caused 
by teratogens, the most common mechanism in infants 
of diabetic mothers.31,73-77

Alobar Holoprosencephaly

Alobar holoprosencephaly is the most severe form of this 
disorder. Infants with this defect usually die within the 
first months of life or are stillborn. Facial features may 
include cebocephaly (Fig. 47-36, D), cyclopia, and eth-
mocephaly (cyclopia or hypotelorism with a midline 
proboscis above the eyes).76 The brain surrounds a single 
midline horseshoe- or crescent-shaped ventricle with  
a surrounding thin, primitive cerebral cortex72 (Fig. 
47-36). The hemispheres are fused as a pancake-like 
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FIGURE 47-28. Agenesis of corpus callosum (ACC) with elevation of third ventricle and continuation into 
a large dorsal cyst. A, Coronal sonogram, and B and C, CT scans, show widely separated frontal horns, a large third ventricle that 
extends superiorly as a dorsal cyst between the lateral ventricles. ACC often has associated cysts. A central dorsal cyst extending above the 
midline is a classic appearance of ACC.
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mass of tissue in the most anterior portion of the cal-
varium. Only in holoprosencephaly will the splenium of 
the corpus callosum be the only segment present.31 The 
thalami are fused, and there is no falx, corpus callosum, 
or interhemispheric fissure between them. Midline, 
moderately echogenic, fused thalami are seen anterior to 
the fused, hyperechogenic choroid plexus. The third 
ventricle is usually absent, so the large, single, central 
holoventricle communicates inferiorly with the aqueduct 
and may also connect posteriorly with a dorsal cyst.78 
Pachygyria may be seen. Posterior fossa structures may 
be normal.

ALOBAR HOLOPROSENCEPHALY: 
SONOGRAPHIC FINDINGS

Single midline crescent-shaped ventricle
Thin layer of cerebral cortex
No falx
No interhemispheric fissure
No corpus callosum
Fused thalami and basal ganglia
Fused echogenic choroid plexus
Absent third ventricle
Large dorsal cyst
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FIGURE 47-29. “Sunburst” or radial arrangement of sulci in agenesis of corpus callosum. A and B, Midline 
sagittal sonograms. C, Midline sagittal MR image. D, Sagittal pathologic specimen. Third ventricle (3) is elevated and lacks the normal 
parallel corpus callosum and cingulate sulcus. Arrows indicate radial array of sulci. (C from Osborn AG. Diagnostic neuroradiology. St. 
Louis, 1994, Mosby; D from Friede R. Developmental neuropathology. 2nd ed. New York, 1975, Springer-Verlag.)
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Semilobar Holoprosencephaly

In semilobar holoprosencephaly, more brain parenchyma 
is present, but the single ventricle persists. There may be 
separate occipital and temporal horns. A small portion 
of the falx and interhemispheric fissure develops in the 
occipital cortex posteriorly. The splenium and genu of 
the corpus callosum are often formed and may be seen 
on midline sagittal sections. The thalami are partially 
separated, and the third ventricle is rudimentary. Facial 
anomalies are less severe than in alobar holoprosenceph-
aly, usually with only mild hypotelorism and median or 
lateral cleft lip.

Lobar Holoprosencephaly

Lobar holoprosencephaly is the least severe form of this 
disorder. There is almost complete separation of hemi-
spheres, with development of a falx and interhemispheric 

fissure, but these may be shallow anteriorly, and the 
frontal lobes are fused. The septum pellucidum is absent. 
The anterior horns of the lateral ventricles are fused and 
square shaped, but the occipital horns are separated. 
Temporal horns may be present. The third ventricle is 
usually present, separating the thalami. The splenium 
and body of the corpus callosum are often present, with 
absence of the genu and rostrum. Facial anomalies are 
mild and similar to the semilobar form or absent.

DISORDERS OF SULCATION AND 
CELLULAR MIGRATION

Schizencephaly

Believed to be caused by a primary neuronal migration 
malformation in utero, schizencephaly has been reported 
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FIGURE 47-30. Lipoma of corpus callosum. A and B, Coronal and sagittal sonograms show highly echogenic fat surrounded 
by calcification; both are causing major acoustic shadowing. C, CT scan shows black central fat surrounded by white flecks of calcium. 
D, Sagittal MR scan shows fat (bright white on T1-weighted image) extending over the corpus callosum.
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in familial cases and in early prenatal injury from drug 
abuse and abdominal trauma.79 It causes gray matter–
lined clefts that extend through the entire hemisphere, 
from the ependymal lining of the lateral ventricles to the 
pial covering of the cortex. The clefts may be bilateral  
or unilateral (Fig. 47-37, A and B). There may be wide 
openings of the clefts (open-lip schizencephaly). In some 
cases the cleft is closed (closed-lip schizencephaly) (Fig. 
47-37, C and D) and may require MRI for diagnosis, 
because gray matter–white matter differentiation is not 
well demonstrated on sonography. Most of these patients 
develop seizures, hemiparesis, and variable developmen-
tal delay. The severity is related to the amount of brain 
involved. Some patients have blindness, thought to be 
associated with absence of the septum pellucidum and 
associated optic nerve hypoplasia, which may be associ-
ated. This is thought to be an acquired septo-optic dys-
plasia. There are genetic cases from the EMX2 Homeobox 
gene31 and other patients with possible in utero injury 

during the second trimester. Cytomegalovirus has been 
reported to cause schizencephaly in some patients.80,81 In 
patients with unilateral involvement, recent reports show 
functional reorganization of the motor area so that the 
unaffected hemisphere takes over function.82

Lissencephaly

Complete lack of sulcal formation caused by lissenceph-
aly is a difficult diagnosis on ultrasound. Some have 
studied the lack of opercularization in lissencephaly.30,33

DESTRUCTIVE LESIONS

Porencephalic Cyst

Before 26 weeks’ gestation, focal brain destruction  
will typically heal with dysplastic gray matter and result 
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FIGURE 47-31. Dandy-Walker malformation: classic isolated malformation. A and B, Coronal and sagittal sono-
grams. C, Dandy-Walker posterior fossa cyst; 3, third ventricle; 4, fourth ventricle; L and LV, dilated lateral ventricles. Internal echoes in 
the ventricles represent blood in the cerebrospinal fluid. C, Coronal ultrasound shows Dandy-Walker malformation after ventriculoperi-
toneal shunt. Lateral and third ventricles have decompressed, but Dandy Walker cyst (D) remains dilated. Frequently, posterior fossa cysts 
require additional shunts for decompression. D to G, Fetal brain infection caused ventriculitis and hydrocephalus in term infant with 
absence of the corpus callosum, classic cerebellar vermian hypoplasia, and a posterior fossa cyst continuous with the fourth ventricle; septa-
tions in the temporal horn also caused a temporal lobe cyst. D, Sagittal ultrasound; E, sagittal T1-weighted MRI; F, axial ultrasound; 
G, coronal T2-weighted MRI.
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FIGURE 47-32. Dandy-Walker variant compared to normal posterior fossa. A, Axial posterior fossa ultrasound shows 
a wide continuity between the fourth ventricle and the cisterna magna, where the cerebellar vermis is hypoplastic and separated behind 
the fourth ventricle. B, Normal axial ultrasound of fourth ventricle covered by echogenic cerebellar vermis.
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FIGURE 47-33. Mega cisterna magna. A and B, Sagittal and coronal sonograms show an enlarged cisterna magna (C) behind 
the vermis on A and below the tentorium on B, with no communication to the fourth ventricle and no hydrocephalus.
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in schizencephaly, usually associated with migrational 
defects.42 After 26 weeks’ gestation, a porencephalic cyst 
will develop in an area of normally developed brain that 
has been damaged and heals with scarring because of  
a lining of gliotic white matter. By definition, poren-
cephalic cysts always connect with the ventricular  
system but do not extend to the surface cortex. They 
usually occur after birth secondary to intraparenchymal 

hemorrhage (IPH), infection (focal vasculitis, abscess), 
or trauma.

Hydranencephaly

Classically, hydranencephaly is believed to be caused by 
bilateral occlusion of the internal carotid arteries during 
fetal development, but it may result from any of several 
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FIGURE 47-34. Holoprosencephaly. Three common types are alobar (most severe), semilobar, and lobar.

Alobar Semilobar Lobar

Thalami Thalami

Thalami

Cortex

Choroid
plexus

Choroid
plexus

Choroid
plexus

Ventricle Ventricle

Fused frontal 
horns

Third ventricle

B

C
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FIGURE 47-35. Septo-optic dysplasia. A and B, Coronal and 
sagittal sonograms; C, pathology specimen. Although the cavum septum 
pellucidum is absent, the corpus callosum is present.

intracranial destructive processes (Fig. 47-38). Hydran-
encephaly is the severest form of porencephaly in that 
there is almost total destruction of the cerebral cortex.83,84 
These infants may appear surprisingly normal at birth 
but are developmentally delayed from an early age and 
frequently die within the first year of life.

The sonographic findings include a calvarium filled 
with CSF, but little else (Fig. 47-38). Structures that 
receive their blood supply from the posterior cerebral 
artery and vertebral artery, such as the thalamus, cerebel-
lum, brainstem, and posterior choroid plexus, are spared 
and are usually identifiable. Blood flow will not be 
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FIGURE 47-36. Alobar holoprosencephaly. A, Coronal sonogram shows single central ventricle (V) and fused thalami (T). No 
falx or interhemispheric fissure is present. B, MR image, and C, pathology specimen, show single central ventricle and fused thalami. 
D, Autopsy specimen shows cebocephaly (severe hypotelorism and malformed nose).
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appreciated by color or spectral Doppler in the carotid 
arteries. An incomplete or complete falx may be identifi-
able even in utero. The presence of the falx helps differ-
entiate this lesion from alobar holoprosencephaly, in 
which the falx does not form. It can be difficult to dif-
ferentiate hydranencephaly from severe hydrocephalus, 
but a thin rim of cortex should be visualized by sonography 
in hydrocephalus.83,84 If there is an enlarging head circum-
ference, ventriculoperitoneal shunting may be indicated, 
regardless of the actual diagnosis to control growth.

Cystic Encephalomalacia

Encephalomalacia is an area of focal brain damage that 
pathologically has astrocytic proliferation and glial septa-
tions. In diffuse brain damage, there may be large areas 
of cystic encephalomalacia (Fig. 47-39). The location of 
the damage depends on the type of insult. Typically, 
there is no connection to the ventricular system. In neo-
nates, infection or anoxia can cause widespread damage, 
whereas a thrombus may cause focal damage.
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FIGURE 47-37. Schizencephaly. A, Coronal sonogram, and B, coronal MR image, of open-lip schizencephaly show bilateral clefts 
(c) with wide openings to the ventricular (v) system. C, Sonogram, and D, CT image, show closed-lip schizencephaly with calcification 
from in utero infection.
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Metabolic Disorders

A wide range of abnormalities are seen on neonatal brain 
ultrasound in metabolic disorders,85 including cysts, 
calcifications, structural brain abnormalities, and white 
matter echogenicity.

HYDROCEPHALUS

Hydrocephalus occurs in 5% to 25% per 10,000 births 
and results from an imbalance between CSF production 
and its drainage by the arachnoid villi. Three mecha-
nisms account for the development of hydrocephalus: 
obstruction to CSF outflow, decreased CSF absorption, 
or CSF overproduction (e.g., choroid plexus tumor).

Cerebrospinal Fluid Production  
and Circulation

Cerebrospinal fluid provides a chemically controlled 
protective environment that continually bathes and 

circulates around the CNS. Although mainly produced 
by the choroid plexus, CSF it is also produced by the 
ventricular ependyma, the intracranial subarachnoid 
lining, and the spinal subarachnoid lining. CSF normally 
flows from the lateral ventricles, through the foramina 
of Monro, third ventricle, aqueduct of Sylvius, fourth 
ventricle, lateral foramina of Luschka or medial foramen 
of Magendie, and into the basal cisterns. From there, a 
small quantity circulates down into the spinal subarach-
noid space. CSF flows upward around the brain anteri-
orly and posteriorly to reach the vertex, where it is 
resorbed by the arachnoid granulations into the superior 
sagittal sinus.

Diagnosis

Hydrocephalus often can be diagnosed in utero by 15 
weeks’ gestation.86-88 The size of the atrium of the ven-
tricle and the glomus of the choroid plexus remains 
constant in the second and third trimesters in the  
transaxial plane. In utero an upper limit of 10 mm for 
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FIGURE 47-38. Hydranencephaly in two full-term newborns. A, Coronal anterior; B, midline sagittal; and C, coronal 
posterior sonograms. Note that only anechoic cerebrospinal fluid is seen above thalamus (T), which at first looks like holoprosencephaly, 
but the definitive diagnosis is made because there is a falx seen in the midline on all three views. Note the echogenic falx on the midline 
view. D, E, and F, Coronal, sagittal, and color Doppler ultrasound views show a thin remnant of cerebral cortex posteriorly. Thalami are 
absent; only remnants of brainstem persist. F, Color Doppler image shows complete absence of the normal anterior and middle cerebral 
arteries. Both patients had difficulty with temperature control and swallowing at birth. Facial features were unremarkable.
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FIGURE 47-39. Cystic encephalomalacia. Severe 
hypoxic ischemic encephalopathy has resulted in diffuse infarc-
tion, particularly severe in the cerebral cortex, leading to mul-
tiple cystic areas in necrotic brain. The posterior fossa is 
typically spared. A and D, Coronal sonograms. B, C, and E, 
Sagittal sonograms.
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the ventricular atrium has been established and well 
reviewed.89-91 Once hydrocephalus is recognized, close 
inspection for spinal dysraphism and other CNS or 
extra-CNS anomalies is warranted because these findings 
will affect outcome. Chromosome evaluation is necessary 
if other anomalies are recognized.92 Hydrocephalus diag-
nosed in utero has a variable course, making counseling 
of the family difficult. Often, especially if other severe 
anomalies or chromosome abnormalities are diagnosed, 
the family chooses to terminate the pregnancy. Signs of 
the Chiari II malformation should be especially sought 
because this is associated with a myelomeningocele in 
almost 100% of cases.

Neonatal hydrocephalus is easily recognized by routine 
coronal and sagittal imaging.8,89-91 Ventricular size is 
slightly larger in newborns than in older children. Pro-
gression of hydrocephalus can best be estimated by com-
parison with previous studies. Sonography is also helpful 
in following ventricular decompression in patients 
shunted for hydrocephalus. In following ventricular size 
in cases of hydrocephalus, care must be taken so that 
changes in ultrasound sector depth do not result in 
apparent enlargement or decompression of the ventricles 
related to magnification differences when different depth 
scales are used. Failure to do so may result in a false 
impression of changing hydrocephalus.

Level of Obstruction

Asymmetry of the lateral ventricles can cause a ventricle 
to be slightly larger as a normal variant. The entire ven-
tricular system should be evaluated to identify the level 
at which a transition occurs from a large to a small ven-
tricle.93 Dilation of the lateral and third ventricles indi-
cates an aqueduct of Sylvius obstruction, most often 
caused by intraventricular hemorrhage (IVH) and often 
a linked recessive trait. The rare case of isolated dilation 
of the fourth ventricle also requires ventricular system 
evaluation. Dilation of all ventricles should lead to an 
extraventricular source.

Doppler ultrasound has been used to evaluate neona-
tal hydrocephalus in a few cases to assess (indirectly) 
intracranial pressure and help determine the need for 
shunt placement.94 Taylor et al.95 report the use of sono-
graphic contrast agents in neonatal hydrocephalus. In 
animal models, injecting contrast through ventricular 
catheters allowed direct visualization of ventricular 
patency. Although currently experimental, this may be 
an excellent method to study hydrocephalus in patients 
with catheters.

Etiology

Hydrocephalus can result from intraventricular obstruc-
tion, when CSF flow is obstructed within the ventricular 
system, or from extraventricular obstruction to CSF 
circulation, which occurs within the subarachnoid spaces 

and cisterns or is secondary to decreased CSF absorption 
at the arachnoid villi in the sagittal sinus. Overproduc-
tion of CSF from a choroid plexus papilloma is an 
unusual cause. Other causes include venous obstruction 
or vascular malformations; vein of Galen malformation 
often obstructs. The most common causes of intraven-
tricular obstructive hydrocephalus (IVOH) include 
infection or hemorrhage (causing obstruction to the 
exiting foramina of the third or fourth ventricle), con-
genital anomalies (e.g., aqueductal stenosis (Fig. 47-40), 
Dandy-Walker malformation) (see Fig. 47-31), and 
tumors. Aqueductal stenosis presents in males from an 
X-linked gene (L1-CAM) and may be diagnosed by 
about 18 weeks of gestation with hydrocephalus and 
adducted thumbs.96 The most common causes of extra-
ventricular obstructive hydrocephalus (EVOH) are 
hemorrhage and infection with fibrosis at the basal cis-
terns, incisura, convexity cisterns, or parasagittal region.

CAUSES OF HYDROCEPHALUS

INTRAVENTRICULAR OBSTRUCTION
Posthemorrhagic

Aqueductal obstruction
Fourth ventricle obstruction

Posterior fossa subdural hematoma
Chiari II malformation
Dandy-Walker malformation
Aqueductal stenosis
Postinfectious scarring
Vein of Galen malformation
Tumor or cyst

EXTRAVENTRICULAR OBSTRUCTION
Posthemorrhagic scarring
Postinfectious scarring
Achondroplasia
Absence or hypoplasia of arachnoid granulations
Venous obstruction

OVERPRODUCTION OF CSF
Choroid plexus papilloma

CSF, Cerebrospinal fluid.

Ventricular enlargement does not always mean 
obstruction. Severe cases of hypoxic-ischemic injury 
result in large ventricles due to brain atrophy 2 to 4 
weeks after the insult rather than obstructive hydro-
cephalus. One rare cause of ventricular enlargement is 
glutaric aciduria type 1.97 These patients actually have 
macrocephaly at birth or within the first few weeks of 
life. Cystlike bilateral widening of the sylvian fissures 
may be the first sign, followed by progressive fronto-
temporal subarachnoid and ventricular enlargement, 
thought to be caused by atrophy. If glutaric aciduria is 
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venous obstruction.99 Increased venous pressure has been 
demonstrated in infants breathing out of sequence with 
a mechanical ventilator, during endotracheal tube suc-
tioning, and with high peak inspiratory pressure.100 
Tension pneumothorax, exchange transfusions, rapid 
infusions of colloid, and myocardial injury caused by 
asphyxia are other factors that may greatly affect hemo-
dynamics and venous pressure.100-102

Arterial Watershed Determines 
Regional Pattern of Brain Damage

The sonographic findings are varied depending on the 
cause and the age of the neonate when the hypoxic-
ischemic event occurs, because the watershed areas of the 
brain change in location during the last trimester51,103 
(Table 47-1). In premature infants the watershed is in 
the immediate periventricular region, and thus germinal 
matrix hemorrhage (GMH) and periventricular leu-
komalacia (PVL) are common pathologic findings. In 
full-term infants, damage tends to occur more in the 

diagnosed in early infancy, rigorous dietary control may 
allow normal neurologic development. Some believe the 
cystic changes represent focal areas of edema causing the 
macrocephaly and later atrophy as the head size becomes 
smaller, apparently from brain destruction. It is essen-
tial to recognize this pattern and test for glutaric 
aciduria.

HYPOXIC-ISCHEMIC EVENTS

Hypoxic-ischemic events in the neonate can be divided 
into maternal causes and causes attributable to the 
neonate. Maternal causes include chronic cardiac or 
pulmonary lung disease, placental insufficiency, shock, 
placental abruption, and cardiorespiratory arrest, all of 
which can cause severe birth asphyxia. An uncommon 
cause is maternal cocaine use.98 Some therapeutic 
maneuvers in these extremely sick, hypoxic neonates 
have also been associated with an increased risk for ger-
minal matrix hemorrhage (GMH) secondary to increased 
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FIGURE 47-40. Aqueductal stenosis. A and B, Coronal 
and midline sagittal ultrasound images; C, Sagittal T1-weighted 
MR scan. Marked lateral and third (arrow) ventricular dilation 
demonstrated, but fourth ventricle is normal (best seen anterior to 
the cerebellar vermis on sagittal MRI).
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TABLE 47-1. PATTERNS OF HYPOXIC-
ISCHEMIC INJURY IN NEWBORNS

HYPOTENSION
PREMATURE 

INFANT TERM INFANT

Mild to moderate Periventricular 
ICH or PVL

Parasagittal cortical or 
subcortical injury

Severe Deep gray matter
Brainstem and 

cerebellar infarct

Lateral thalamus
Posterior putamen 

hippocampus
Corticospinal and 

sensorimotor tracts

PVL, Periventricular leukomalacia; ICH, intracranial hemorrhage.

associations include prematurity with complications such 
as hypoxia, hypertension, hypercapnia, hypernatremia, 
rapid volume increase, and pneumothorax.100-102 Full-
term infants rarely experience this type of hemorrhage.

Germinal matrix hemorrhage may occur in subepen-
dymal (SEH), intraventricular (IVH), or intraparenchy-
mal (IPH) regions.113 However, GMH originates 
predominantly as hemorrhage in the germinal matrix 
below the subependymal layer and may be contained by 
the ependyma or may rupture into the ventricular system 
or less often into the adjacent parenchyma (Fig. 47-41). 
The germinal matrix is a fine network of blood vessels 
and primitive neural tissue that lines the ventricular 
system in the subependymal layer during fetal life. As the 
fetus matures, the germinal matrix regresses toward the 
foramen of Monro so that, by full term, only a small 
amount of germinal matrix is present in the caudotha-
lamic groove between the thalamus and the caudate 
nucleus. This fine network of blood vessels is highly 
susceptible to pressure and metabolic changes, which can 
lead to rupture of the vessels. The germinal matrix is 
rarely a site of hemorrhage after 32 weeks’ gestation 
because it has almost disappeared.

The classification of GMH most widely used was pro-
posed by Burstein et al.113 Other systems are used as well, 
but the anatomic description of exactly where the brain 
damage occurs is more important than the classification. 
The key causes of poor neurologic outcome relate to 
hydrocephalus and parenchymal extension into the 
descending white matter tracts (Table 47-2).

Sonography is the most effective method for detecting 
this hemorrhage in the newborn period and for follow-up 
in the subsequent weeks. Most hemorrhage (90%) occurs 
in the first 7 days of life, but only one third of these 
occur in the first 24 hours.114 The optimal cost-effective 
timing to screen premature infants is at 1 to 2 weeks of 
age, to identify patients with significant hemorrhage as 
well as those developing hydrocephalus.115 Small sub-
ependymal hemorrhages (grade I) might be missed when 
screening late if they resolve quickly, but these have not 
proven clinically important. A late screen for periven-
tricular leukomalacia (PVL) should performed at 1 
month to search for the cystic changes of PVL,116,117 
because the clinical course or first brain ultrasound will 

cortical or subcortical regions, because the watershed 
moves to these areas more toward the brain surface, 
resulting in parasagittal infarction regions in term 
infants.104 How to study hypoxic-ischemic encephalopa-
thy (HIE) depends on the brain maturity and stability 
of the newborn infant. Findings at MRI may comple-
ment ultrasound and may more often predict noncystic 
white matter lesions.105-109

Lack of autoregulation of cerebral blood pressure, 
which typically occurs in premature infants and less 
often in asphyxiated full-term infants, will cause cerebral 
perfusion to be directly affected by hypertensive or hypo-
tensive episodes. This pressure-passive system can result 
in sudden focal hemorrhage or with hypotension, diffuse 
or focal infarction.

The neurologic manifestations of brain injury in the 
premature infant range from the less severe motility and 
cognitive deficits to major spastic motor deficits, includ-
ing spastic diplegia and spastic quadriplegia with more 
profound intellectual deficits. In the full-term infant  
the hypoxic-ischemic events may manifest as seizures, 
movement disorders including arching and fisting, 
altered tone, absent suck, and depending on the severity, 
intellectual deficits.

Germinal Matrix Hemorrhage

Germinal matrix hemorrhage (GMH) may lead to intra-
ventricular hemorrhage, hydrocephalus, and poren-
cephaly. GMH is a common event occurring primarily 
in premature infants less than 32 weeks’ gestational age. 
Although the incidence once was as high as 55%, most 
nurseries have experienced a significant drop in GMH. 
Recent reports of GMH and intraventricular hemor-
rhage now range from 10% to 25% in very-low-birth-
weight infants (<1000 g) in most neonatal intensive care 
units.110,111 Infants at greatest risk are those at gestational 
ages of less than 30 weeks, with birth weight less than 
1500 g, or both.112

Multiple factors have been studied as causes for GMH. 
Although no single cause has been identified, common 

TABLE 47-2. GRADES OF GERMINAL 
MATRIX HEMORRHAGE

GRADE TYPE/DESCRIPTION

I Subependymal hemorrhage
II Intraventricular extension without hydrocephalus
III Intraventricular hemorrhage with hydrocephalus
IV Intraparenchymal hemorrhage with or without 

hydrocephalus
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FIGURE 47-41. Sequelae of 
subependymal hemorrhage 
(SEH). SEH may resolve, leaving a 
normal scan; may resolve, leaving a 
small subependymal cyst; or may 
progress, rupturing into the ventri-
cle, causing intraventricular hemor-
rhage (IVH), or extending into the 
parenchyma, causing intraparenchy-
mal hemorrhage (IPH). Hydro-
cephalus (HC) and porencephaly 
(PC) are common sequelae of SEH. 
(From Rumack CM, Manco-Johnson 
ML. Perinatal and infant brain 
imaging: role of ultrasound and 
computed tomography. St Louis, 
1984, Mosby.)

SEH

CystNormal SEH
IVH

SEH
IVH
IPH

PC
HC

not predict the later development of hydrocephalus or 
PVL. These predictors of the most severe neurologic 
outcome (PVL and ventricular enlargement) may be 
missed if the late screen is not done. An examination 
should be performed earlier if required by the patient’s 
condition.

Severe grades of hemorrhage with hydrocephalus 
(grade III) and intraparenchymal hemorrhage (grade IV) 
have stabilized at about 11%, according to a large, 
outcome study of very-low-birth-weight (VLBW) infants 
(<1500 g).118 Many factors have contributed to this 
decreased incidence of hemorrhage including increased  
use of antenatal steroids119,120 and improved neonatal 

OPTIMAL BRAIN ULTRASOUND 
SCREENING IN PREMATURE INFANTS*

First Scan: 10 to 14 Days
For germinal matrix hemorrhage
For posthemorrhagic hydrocephalus

Second Scan: 4 Weeks of Age†
For periventricular leukomalacia (PVL)
For ventricular enlargement

*Less than 30 weeks’ gestation or less than 1500 g.
†Cystic PVL lesions coalesce, leaving only thin white 
matter after 4 weeks.
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respiratory care, such as surfactant therapy. Because 
pneumothoraces have been associated with a higher inci-
dence of GMH, the effective use of high-frequency ven-
tilators, oscillators, and surfactant, which decrease 
pressure to the lung, are also likely causes for the decreas-
ing incidence of GMH.

Complications of subependymal and intraventricular 
hemorrhage are intraventricular obstructive hydro-
cephalus (IVOH), usually at the foramina of Monro or 
the sylvian aqueduct, and extraventricular obstructive 
hydrocephalus (EVOH), at the arachnoid granulations. 
Complications of intraparenchymal hemorrhage are per-
manent areas of damaged brain that can become necrotic, 
leading to porencephalic cysts.

Subependymal Hemorrhage  
(Grade I Hemorrhage)

On sonographic examination, acute subependymal hem-
orrhage (SEH) presents as a homogeneous, moderately to 
highly echogenic mass (Fig. 47-42). The echogenic clot 
often causes focal hemorrhage in the caudothalamic 
groove. The choroid plexus is normally quite thick at the 
trigone of the lateral ventricle and tapers progressively 
anteriorly, descending between the head of the caudate 
and the thalamus just above the foramen of Monro. SEH 
may appear as a bulge in the choroid plexus. As the hema-
toma ages, the clot becomes less echogenic, with its center 
becoming sonolucent (Fig. 47-43; Video 47-6). The 
aging of the clot can often be followed on ultrasound for 
weeks to months (as on MRI), depending on its initial 
size. The clot retracts, and necrosis occurs with complete 
resolution of hemorrhage or occasionally development of 
a subependymal cyst. It may persist as a linear echo adja-
cent to the ependyma. Hemorrhage in the brain becomes 
isodense on CT about 2 to 3 weeks after the event.

Intraventricular Hemorrhage 
(Grade II Hemorrhage)

When SEH bursts into the lateral ventricle, intraven-
tricular hemorrhage (IVH) presents as hyperechoic clot 
that fills a portion of the ventricular system or all of a 
ventricle when the clot forms a cast of the ventricle (Fig. 
47-44). The clot itself may obscure the ventricle due to 
complete filling of the lumen. The normally thick, echo-
genic choroid plexus may appear asymmetrically thick 
and may be difficult to define within the ventricle sepa-
rate from the densely echogenic hemorrhage. As the clot 
matures, it becomes echolucent centrally and more well 
defined and separable from the more echogenic choroid 
plexus. Low-level echoes from debris floating in a ven-
tricle may occur in IVH as the clot breaks apart (Fig. 
47-45). Use of the posterior fontanelle or axial views will 
increase the detection of IVH in normal-sized ventricles, 
because at times there are only small clots or CSF-blood 
fluid levels in the occipital horn12 (Fig. 47-46).

SIGNS OF INTRAVENTRICULAR 
HEMORRHAGE

Hyperechoic material fills portion of ventricular 
system.

Clot forms a cast of the ventricle.
May obscure ventricle because lumen completely 

filled
Thick, echogenic choroid plexus
Echolucent centrally later, as clot matures
Low-level echoes floating in a ventricle
Cerebrospinal fluid–blood fluid levels

Blood in the third or fourth ventricle may be missed 
and is much more clearly diagnosed on posterior fossa 
ultrasound with mastoid views. If the blood extends into 
the cisterna magna, there is an increased risk for post-
hemorrhagic hydrocephalus121,122 (Fig. 47-47; Video 
47-7). Cisterna magna clot is a better predictor of 
posthemorrhagic hydrocephalus than initial hydrocepha-
lus. Early-onset IVH, in the first 6 hours of life, is 
uncommon and has been associated with a higher risk 
for both cognitive and motor impairment, including 
cerebral palsy.123

Intraventricular Hemorrhage  
with Hydrocephalus  
(Grade III Hemorrhage)

Because IVH causes hydrocephalus, the clot and then 
the choroid plexus may be better defined (Fig. 47-48). 
Echogenic clot may be adherent to ventricular walls or 
may become dependent within the ventricle. A change 
in the head position while scanning will demonstrate clot 
movement in some cases (Fig. 47-49). Posterior fonta-
nelle images may show IVH in the occipital horn in 
subtler cases. As with SEH, in time the echogenic  
clot will become more echolucent centrally and may 
eventually resolve. A chemical ventriculitis as a response 
to blood in the CSF typically causes thickening and 
increased echogenicity of the subependymal lining of the 
ventricle.124 Posthemorrhagic hydrocephalus may require 
shunting if it is progressive. Follow-up scans should be 
obtained weekly unless the head grows rapidly or another 
crisis intervenes. Typically, the most severe degree of 
hydrocephalus occurs after several weeks. As the blood 
clears from the ventricles, particularly with a block at the 
aqueduct, the ventricular size may return to normal. In 
one series, posthemorrhagic ventricular dilation required 
surgical treatment with a ventriculoperitoneal reservoir 
or shunt in only 34% of very low birth weight (VLBW) 
infants with hydrocephalus.125 Occasionally, a trapped 
fourth ventricle may be caused by obstruction of both 
the aqueduct and the outlets of the fourth ventricle.24 In 
these cases a ventriculoperitoneal shunt will decompress 
only the lateral and third ventricles.



FIGURE 47-42. Acute subependymal hemorrhage is very echogenic and often becomes IVH. A, B, and C, 
Highly echogenic SEH may appear isolated on coronal scans. D and E, Sagittal scans show intraventricular clot in the occipital horn 
(arrows), or F, clot (C) extending into the frontal horn and body above the subependymal hemorrhage (S).
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FIGURE 47-43. Aging of subependymal hemorrhage: sagittal sonograms. Subependymal and intraventricular hemor-
rhage become sonolucent centrally over several days with low-level echoes (arrow in F) settling into the occipital horn. A and D, Acute 
hemorrhage. B, C, E, and F, One week after initial hemorrhage. (Arrowhead in B, subependymal cyst; arrow, clot on choroid plexus in 
occipital horn.) Hemorrhage in the brain will often still be visible on ultrasound or MRI for weeks to months but will become isodense 
on CT in about 2 weeks.
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Intraparenchymal Hemorrhage  
(Grade IV Hemorrhage)

Intraparenchymal hemorrhage (IPH) is usually in the 
cerebral cortex and located in the frontal or parietal 
lobes, because it often extends from the subependymal 
layer over the caudothalamic groove (Fig. 47-50; Video 
47-8). However, our experience in posterior fossa 
imaging through the mastoid fontanelle has made it clear 
that cerebellar hemorrhage occurs more often than previ-
ously reported. Studies suggest that IPH is caused by 
hemorrhagic venous infarction.100,101 Taylor102 has shown 
obstruction of terminal veins by SEH or IVH is often 

B

C

A

FIGURE 47-44. Intraventricular hemorrhage: sag-
ittal sonograms. IVH may fill all or part of a ventricle and 
may form a cast in the ventricle that can obscure the entire ven-
tricle. A, Clot hangs off the glomus of the choroid plexus and 
partly fills the occipital horn (arrow). B, Thick, echogenic debris 
layers in the lateral ventricle in this abnormal clot in a patient with 
disseminated intravascular coagulation (DIC). C, Clot in the 
frontal horn, body, and temporal horn forms a cast of echogenic 
material in the lateral ventricle.

seen with secondary IPH or periventricular white matter 
hemorrhage. Periventricular hemorrhagic infarction 
(PHI) is believed to be venous infarction secondary to a 
large SEH compressing subependymal veins. These focal 
periventricular white matter infarcts may be frontal to 
parieto-occipital and are asymmetrical, usually unilat-
eral, and if bilateral, asymmetrical in size.126 Infants with 
parenchymal hemorrhage associated with GMH typi-
cally develop hemiparesis, and if there is periventricular 
hyperintensity, they may develop cerebral palsy.127-132 It 
is thought that this hyperintensity may relate to pressure 
from hydrocephalus. This is in contrast to infants with 
periventricular echogenicity and minimal or no IVH, 
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the injury, an area of porencephaly (if there is com-
munication with the ventricle) or encephalomalacia 
develops (Fig. 47-51).

Unusual types and sites of IPH, acute cystic changes, 
midline shift, and downward extension of hemorrhage 
into the thalamus may result from hemorrhage into PVL, 
secondary to infarction or thromboembolism, from a 
bleeding diathesis (e.g., vitamin K deficiency), hemo-
philia, alloimmune thrombocytopenia or Rh immune 
incompatibility (Fig. 47-52), and hypernatremia.133-135 

who are at much higher risk for PVL. These infarcts 
typically cause spastic hemiparesis.31,112,127 In IPH the 
venous infarction caused by the initial SEH leads to 
intraparenchymal damage. Later, necrosis may lead to 
porencephaly in this region.

Acutely, IPH appears as an echogenic homogeneous 
mass extending into the brain parenchyma. As the clot 
retracts, the edges form an echogenic rim around the 
center, which becomes sonolucent. The clot may move 
to a dependent position, and by 2 to 3 months after  

FIGURE 47-45. Intraventricular hemorrhage: sagittal sonograms. Late IVH may show low-level echoes, fluid-fluid 
levels, and clot fragments in the occipital horn. A, Cerebrospinal fluid–echogenic blood fluid level in patient with DIC after placental 
abruption. Asterisk, abnormal hypoechoic clot from DIC. B and C, Debris in lateral ventricle and clot fragments extend into the occipital 
horn. D, Occipital horn angled inferiorly in this posterior fontanelle view. Clot on the choroid is becoming sonolucent centrally.
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FIGURE 47-46. Intraventricular hemor-
rhage. IVH in normal ventricles may be aided by 
posterior fontanelle views of occipital horn. A, Sagittal 
ultrasound; B, through posterior fontanelle; C, turned 
90 degrees to match anterior view.
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FIGURE 47-47. Cisterna magna clot (arrows). A good indicator for risk of hydrocephalus. A, Mastoid fontanelle view of 
posterior fossa. B, Turned 90 degrees into standard format.
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FIGURE 47-48. Intraventricular hemorrhage and hydrocephalus. A and B, Coronal sonograms show aging clot has 
become less echogenic than choroid. D and E, Coronal sonograms, and F, sagittal sonogram, show progressive hydrocephalus. The ven-
tricular walls have become very echogenic, caused by a chemical ventriculitis from blood. The lateral and third ventricles are enlarged, 
and there is a clot in the back of the third ventricle causing aqueductal obstruction. Typically, the clot resolves, and the hydrocephalus 
may improve at that time.
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never undergo this procedure. These complications  
may be from the hypoxic brain damage secondary to the 
underlying lung disease, even before initiation of ECMO 
therapy. The complications from ECMO are also caused 
by heparinization and transient hypertension.138

Ultrasound is used for daily evaluation of the newborn 
receiving ECMO. The portability and ease of use in the 
critically ill infant without the need for transport are the 
main advantages. Sonography can alert the clinician to 
intracranial hemorrhage and the option to stop ECMO 
therapy.138-140

Hemophilia has been associated with intracranial hemor-
rhage. A review of 102 newborns with hemorrhage in 33 
publications found 65% intracranial and 35% extra-
cranial.136 Spontaneous IPH has been reported in term 
infants but was associated with signs of trauma or venous 
compression.137

Extracorporeal membrane oxygenation (ECMO) 
complications include IPH secondary to infarction,  
ischemia, and thromboembolism. GMH or IVH is less 
common after ECMO because premature infants are at 
high risk for these types of hemorrhage and thus almost 

FIGURE 47-49. Intraventricular hemorrhage. Chronic IVH clot may change with position, particularly as it starts to dissolve 
and becomes more sonolucent. A, Coronal; B, sagittal; C and D, axial. Sonograms show clot settling dependently (arrows) in the third 
and lateral ventricles.
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be seen and the posterior fossa fully evaluated. Cerebellar 
hemorrhage occurs more often than previously thought, 
when only anterior fontanelle imaging was done. Resolu-
tion of cerebellar hemorrhage into a cyst in the posterior 
fossa may allow easier diagnosis; the normal echogenic 
cerebellum may obscure hemorrhage when acute.

Merrill et al.147 reported 13 cerebellar hemorrhages in 
525 infants under 1500 g, occurring in the first week of 
life in unstable neonates with acidosis or hypotension 
requiring intensive resuscitation, but not always associ-
ated with supratentorial hemorrhage. On follow-up to 2 
years, four infants had cognitive deficits and developmen-
tal delay without signs of motor abnormalities. Three 

Cerebellar Hemorrhage

Cerebellar hemorrhage has been diagnosed more fre-
quently with special sonographic views through the 
mastoid fontanelle and from MR evaluation of disrupted 
cerebellar development.141-146 Posterior fossa hemor-
rhage is a reported complication of a traumatic delivery 
in full-term infants, in ECMO therapy, or with a coagu-
lopathy. However, cerebellar hemorrhage can occur in 
premature infants because there is germinal matrix in the 
fourth ventricle (Fig. 47-53). Mastoid fontanelle imaging 
is now routinely used to visualize the cerebellum in the 
optimum focal zone to allow cerebellar hemorrhage to 

FIGURE 47-50. Intraparenchymal hemorrhage is uncommon (grade IV hemorrhage). Parietal cortex hemorrhage 
may involve the motor area, causing contralateral hemiparesis. Coronal (A, B, C) and sagittal (D) sonograms.
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echogenic ity can suggest the diagnosis of subarachnoid 
hemorrhage (SAH).140 Subarachnoid hemorrhage may 
occur in neonates who have experienced asphyxia, 
trauma, or disseminated intravascular coagulation (DIC) 
and may be the only hemorrhage in full-term infants 
who are not at risk for GMH. Cisternal SAH has been 
found after IVH but can be a difficult diagnosis on 
ultrasound. Posterior fossa views may aid in making the 
diagnosis (Fig. 47-54). Spread of blood from the ven-
tricular system into the spinal subarachnoid space after 
GMH is common and can be seen within 24 hours  
of the initial, severe ICH in premature infants.122 

cases of prenatally diagnosed posterior fossa cysts were 
found to result from hemorrhage. These were initially 
thought to be congenital posterior fossa arachnoid cysts 
but were recognized because of debris in the cysts and 
hemosiderin on MRI. In neonates, cere bellar hemor-
rhage has rarely required surgical intervention, although 
older children may require emergency drainage.148,149

Subarachnoid Hemorrhage

The presence of enlarged interhemispheric and  
sylvian fissures with thickened sulci and increased 

FIGURE 47-51. Porencephaly and posthemorrhagic hydrocephalus. Placental abruption has led to DIC and IVH 
(grade IV). A and B, Coronal and sagittal sonograms show right parietal intraparenchymal hemorrhage (IPH) above the lateral ventricle 
and IVH in the bodies and temporal horns of the lateral ventricles and third ventricle. C and D, Coronal and sagittal sonograms show 
IPH becoming porencephaly at 1 month. Right IPH clot above the body of the lateral ventricle has progressed to necrosis; clot is gone, 
leaving a cystic cavity formed continuous with the lateral ventricle.
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FIGURE 47-52. Intraparenchymal hemorrhage. 
A to D, Coronal sonograms. E, Right sagittal sonogram. IPH 
may be caused by abnormal coagulation, as in this patient with 
DIC after necrotizing enterocolitis. If the clot has cystic areas 
at diagnosis, this is either poor clotting ability (e.g., DIC), or 
the IPH may have started remotely, even in utero. Typically, 
however, aging of normal clot does not cause multiple cysts 
but rather makes it sonolucent centrally. Severe IPH is clearly 
demonstrated because the right frontal hemorrhage has caused 
a right-to-left midline shift and extended downward into the 
thalamus.



FIGURE 47-53. Cerebellar hemorrhage spectrum. A, B, and C, Axial posterior fossa sonograms. Acute hemorrhage may be 
subtle or missed because of normal hyperechoic cerebellum, but only the central vermis is normally echogenic. D, Punctate hemorrhage. 
E, Centrally sonolucent bilateral hemorrhage is subacute. F, Chronic cerebellar hemorrhage becomes centrally sonolucent lesions over 1 
or 2 weeks; chronic cystic changes are easier to diagnose. (A, B, and E, Same patient; C and F, different patient).
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FIGURE 47-54. Subarachnoid hemorrhage. A, Cerebellar, and B, midbrain, axial sonograms show blood (short arrows) in the 
subarachnoid spaces and cisterna magna. Increased echogenicity of cerebellar folia (long arrow) may be normal in the near field on mastoid 
fontanelle scans (note fourth ventricle blood on B).
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Hemorrhage is easily demonstrated on CT or MRI, so 
when SAH occurs alone in term infants, it is better to 
screen with these modalities.

Cerebral Edema and Infarction

Periventricular Leukomalacia

Periventricular leukomalacia, the principal ischemic 
lesion of the premature infant, is infarction and necrosis 
of the periventricular white matter. In some cases, there 
is a history of cardiorespiratory compromise, resulting in 
hypotension and severe hypoxia and ischemia. The 
pathogenesis of PVL has been found to relate to three 
major factors: (1) the immature vasculature in the  
periventricular watershed; (2) the absence of vascular 
autoregulation in premature infants, particularly in the 
cerebral white matter; and (3) the maturation-dependent 
vulnerability of the oligodendroglial precursor cell 
damaged in PVL. These cells are extremely vulnerable  
to attack by free radicals generated in the ischemia-
reperfusion sequence.112

The prevalence of PVL in the very low birth weight 
infant (<1000 g) was previously reported as 25% to 
40%.102 Later, Ment et al.110 reported that PVL inci-
dence decreased to 7%. Also, however, with increasing 
survival rates of very low birth weight infants, cerebral 
palsy has increased and is closely associated with PVL. 
Because more infants are surviving with PVL than in the 
past, it becomes even more important to diagnose this 
lesion accurately and improve the ability to treat the 

patient and change the outcome. The cystic changes of 
PVL are more often visualized on ultrasound, and non-
cystic white matter damage is better seen on MRI.150

In PVL the white matter most affected is in the arterial 
border zones at the level of the optic radiations adjacent 
to the trigones of the lateral ventricles and the frontal 
cerebral white matter near the foramina of Monro. The 
prevalence of PVL has been noted to increase with  
the duration of survival in premature infants, raising the 
possibility of cumulative postnatal insults, including cir-
culatory compromise, patent ductus arteriosus, apneic 
spells, and sepsis.112,113,151,152

Maternal chorioamnionitis has been associated with 
PVL, possibly the result of vasoactive proteins being 
released into the fetal circulation, causing fluctuations  
in cerebral blood flow. Inflammatory responses to infec-
tion in the fetus or the neonate that activate astrocytes 
and microglia may cause PVL,153,154 or these may repre-
sent a pathologic response to repair the tissue injury in 
PVL.155 Proinflammatory cytokines found after chorio-
amnionitis correlate with PVL development.156 Preven-
tion of PVL may depend on treatment with maternal 
antibiotics or anticytokine agents and therapy with free-
radical scavengers.112

Cystic PVL can been anticipated to follow a severe 
hemodynamic event in 56% of premature infants with 
PVL. Unexpected PVL (without a specific clinical neo-
natal event) has been reported in as many as 44% of 
cases.157 This series of PVL patients had been treated for 
preterm delivery and often had maternal chorioam-
nionitis. It is proposed that the maternal infection  
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predisposes to preterm delivery and PVL. Antenatal ste-
roids have been shown to decrease the incidence of PVL 
and the incidence of IPH from GMH.158-161

Later neurologic problems from PVL include devel-
opmental delay and symmetrical spastic diplegia involv-
ing both legs, often noticeable by 6 months of age. 
Spastic diplegia occurs because the pyramidal tracts from 
the motor cortex that innervate the legs pass through the 
internal capsule and travel close to the lateral ventricular 
wall. Severe cases of PVL will also affect the arms, result-
ing in spastic quadriplegia and cause vision and intel-
lectual deficits.162-165 The prevalence of cerebral palsy has 
been evaluated in the French EPIPAGE cohort study of 
2364 children between 22 and 32 weeks’ gestation; 1954 
(88%) were studied at 2 years of age. A retrospective 
review showed that 20% had cerebral palsy at 24 to 26 
weeks’ gestation, whereas only 4% had cerebral palsy at 
32 weeks. On the ultrasound evaluation, 17% of chil-
dren with IVH (grade III) and 25% with white matter 
damage had cerebral palsy based on findings of large 
ventricles, persistent periventricular echogenicity, and 
cystic PVL.166

Pathologically, the periventricular white matter under-
goes coagulation necrosis, followed by phagocytosis of 
the necrotic tissue. This necrosis usually occurs in the 
white matter adjacent to the external angles of the lateral 
ventricles. This results in decreased myelination in these 
areas and focal dilated lateral ventricles. In more severe 
cases of PVL, cystic cavities develop.40,162,164 Petechial 
hemorrhages can complicate PVL. In fact, hemorrhagic 
PVL has been shown to be much more common (64%) 
than thought when there is MRI and ultrasound 
correlation.167

The initial sonographic examination in PVL may be 
normal. Within 2 weeks of the initial insult, however, the 
periventricular white matter increases in echogenicity 
until it is greater than the adjacent choroid plexus.  
This increased echogenicity is usually caused by edema 
from infarction and may also result from hemorrhage168 
(Fig. 47-55). Two to 4 weeks after the insult, cystic 
changes may develop in the area of abnormal echogenic 
parenchyma (Fig. 47-56; Video 47-9). The cysts can be 
single or multiple and are parallel to the ventricular 
border in the deep white matter and often lateral and/or 
superior to the top of the ventricles. These cysts measure 
from millimeters to 1 to 2 cm in diameter. The cystic 
changes are usually bilateral and often symmetrical. One 
case has been reported to show cystic changes in the 
corpus callosum with later thinning, similar to pathologic 
reports of callosal PVL.152,169 Thinning of the corpus 
callosum often follows PVL because of white matter 
necrosis and a decrease in crossing fibers. Pathologic 
studies suggest that sonography actually underestimates 
the incidence of PVL.168,170 In 51 cases of postmortem-
proven PVL, Adcock et al.170 found that in 44% the 
neurosonogram failed to make the diagnosis for two main 
reasons: (1) most often the ultrasound examinations were 

performed before 1 month of age and missed the cystic 
stage of PVL, and (2) the lesions were microcystic and 
not large enough to find on ultrasound. MRI may be the 
best method for PVL diagnosis when done at term age 
in the very low birth weight infants most at risk for 
PVL.171,172 MRI shows parenchymal lesions of the white 
matter that predict motor outcome. Diffusion tensor 
imaging has been added to evaluate myelination in white 
matter not studied on ultrasound.173 Delayed myelina-
tion, ventricular enlargement, and width of extracerebral 
spaces were not found to be good predictors of cerebral 
palsy.

On subsequent sonograms, the cystic lesions may 
enlarge or resolve.164 Therefore, normal-appearing white 
matter on either ultrasound or CT examinations per-
formed several weeks to months after the insult does not 
exclude the occurrence of PVL.174 MRI becomes more 
sensitive than either CT or ultrasound for long-term 
follow-up of parenchymal injury, because when myelina-
tion progresses, glial scarring from damaged white 
matter can be diagnosed (Fig. 47-56), typically with thin-
ning of the white matter adjacent to an enlarged ventricle 
where the cysts have coalesced and are no longer visible. 
Because the initial ultrasound examination is often 
normal in infants who have sustained a significant 
hypoxic-ischemic event, late sonograms should be 
obtained at about 4 weeks after birth to exclude evolving 
PVL. The characteristic distribution of cystic lesions  
that are clearly separate from the ventricle in PVL  
should distinguish them from the parenchymal hemor-
rhage that occurs in grade IV GMH. However, PVL and 
GMH can occur simultaneously.175 Periventricular white 
matter damage can be studied with cranial ultrasound if 
technical factors include careful attention to focal areas 
of hyperechogenicity. Leijser et al.176 divided white 
matter into grade 0, less echogenicity than choroid 
plexus; grade 1, same echogenicity as choroid plexus; and 
grade 2, brighter than choroid plexus. Only severe (grade 
2) predicted a poor neurologic outcome. MRI added 
more detail on extent of severe white matter disease.

Diffuse Cerebral Edema

Diffuse cerebral edema with or without SAH is a 
common result of hypoxic-ischemic events in full-term 
infants. Initially, the brain edema will cause slitlike ven-
tricles in a diffusely echogenic brain with poorly defined 
sulci. This echogenicity may cause silhouetting of the 
sulci so that the sulci seem to disappear (Fig. 47-57). 
The brain parenchyma appears echogenic in the distribu-
tion of the injury, and the sulci are difficult to appreciate 
because of surrounding echogenic edematous brain.  
The mechanism of the increased echogenicity of the 
brain parenchyma from cerebral edema is not under-
stood completely. One possibility is that the increased 
intracellular fluid causes more interfaces, which accounts 
for the hyperechoic appearance.



FIGURE 47-55. Early periventricular leukomalacia can be echogenic. A, B, and C, Coronal sonograms; D and E, 
sagittal sonograms. Increased echogenicity early is uncommon and may indicate hemorrhage with edema. F, Same patient as C; later 
T2-weighted MR image. Focal ventricular enlargement may develop later from loss of white matter adjacent to ventricles. White matter 
is thin near the large ventricle as myelination develops.
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newborn for MR scanning If the ischemic event was 
severe enough to lead to infarction, diffuse brain volume 
loss occurs within 2 weeks, with ventricular enlargement 
secondary to atrophy.31 Enlarged extra-axial fluid spaces 
also develop as a consequence of the atrophic changes. 
The head circumference is very helpful to distinguish 
diffuse atrophy from hydrocephalus, because the head 
circumference is normal to small in patients who have 
undergone diffuse brain atrophy. Depending on the type 
of insult, generalized brain atrophy or focal areas of 
porencephaly or encephalomalacia may occur. With 
acute near-total intrauterine asphyxia in the newborn, 

Color Doppler ultrasound evaluation of severely 
asphyxiated infants has demonstrated earlier and at times 
more focal abnormalities than on gray scale alone. Inves-
tigators have used Doppler sonography to classify brain 
edema177 or to predict outcome.178 Outcome of children 
with significantly abnormal cerebral blood flow was 
noted in 47 patients, from newborns to 4 years of age. 
However, loss or reversal of diastolic flow did not neces-
sarily imply a lethal outcome. Survival was associated 
with prompt and effective treatment.179 A few studies 
show MRI changes early in neonatal life from asphyxia, 
but most neonatologists resist moving a very unstable 

FIGURE 47-56. Periventricular leukomalacia (PVL). Cystic changes of PVL (late findings) may develop even if the early 
scan at 10 days is normal. A and B, Coronal and sagittal sonograms at 1 month show only right frontal focal cystic changes. C and D, 
Coronal and sagittal sonograms on a second patient show extensive cystic PVL above the lateral ventricles at 1 month after birth, which 
is the usual age of diagnosis.
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far-field magnified views with spectral and color Doppler 
ultrasound, searching for abnormal resistive indices (RIs) 
on spectral Doppler ultrasound. They also emphasized 
the need to obtain the ultrasound within 2 hours of  
MRI for an accurate comparison. Special features to be 
evaluated on every ultrasound in neonates with hypoxic-
ischemic insult should include gray matter–white matter 
differentiation and focal abnormal echogenicity in cere-
bral cortex and deeper structures. Doppler ultrasound 
with RIs to look for flow fluctuations in RI and flow in 
the dural sinuses is valuable.

an unusual pattern of basal ganglia damage with sparing 
of the cerebral cortex and white matter has been reported. 
This may be difficult to diagnose with ultrasound if it is 
not hemorrhagic until late changes of atrophy develop31 
(Fig. 47-58).

Sonography can detect these complications of hypoxic-
ischemic events, but MRI is more sensitive to the full 
extent of the insult near the cortical surface.31,180-183 To 
optimize ultrasound imaging of the term neonatal brain, 
Daneman et al.184 used higher frequencies (8-17 MHz) 
with multiple focal planes in near-field, midfield, and 

FIGURE 47-57. Cerebral edema. A and B, Coronal sonograms; C and D, sagittal sonograms. Severe cerebral edema has caused 
silhouetting of the sulci from acute, near-total intrauterine asphyxia after placental abruption. Diffuse increased echogenicity from edema 
obscures sulci. Ventricles are slitlike because of the severe edema.
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hemispheric and vermian damage.194 Now that we are 
more routinely evaluating the posterior fossa in detail, 
we may become more aware of cerebellar infarction at 
the time of the injury in premature infants.195

On sonography, the infarcted brain parenchyma  
demonstrates specific findings within the first 2 weeks 
(Fig. 47-59). These include echogenic parenchyma, lack 
of arterial pulsation, lack of blood flow appreciated by 
pulsed or color Doppler sonography, mass effect from 
edema, arterial territorial distribution of injury, decreased 
sulcal definition, and increased pulsation in the periphery 
of the infarcted section.196-199 After 2 weeks, the echogenic 
lesions begin to show cystic changes, and ipsilateral  
ventricular enlargement from evolving atrophy (hydro-
cephalus ex vacuo), as well as a gradual return of arterial 
pulsations in the major branches from proximal to peri-
pheral distribution. Using color Doppler imaging, 
Taylor197,198 demonstrated luxury perfusion within 

Focal Infarction

Cerebral infarction in the neonate, aside from PVL, is 
uncommon. Risk factors are prematurity, severe birth 
asphyxia, congenital heart disease (resulting in a left- 
to-right shunt), meningitis, emboli (from the placenta  
or systemic circulation), polycythemia, hypernatremia, 
and trauma.133,185,186 Symptoms can vary, ranging from 
asymptomatic to seizures with lethargy and coma. The 
middle cerebral artery distribution is the most frequent 
site, although the anterior and posterior circulations have 
also been affected.49 Single areas of infarction are more 
frequently seen in full-term infants, whereas premature 
infants often demonstrate multiple sites of injury. Cere-
bral blood flow evaluation with color and or power 
Doppler sonography may be the most sensitive test avail-
able in the unstable neonate when diffusion-weighted 
MRI cannot be used to identify the earliest signs of 
stroke.187-192

Cerebellar infarction is much less common than 
cerebral infarction. However, six cases were reported in 
3 years at Hammersmith Hospital in London, diagnosed 
by MRI in patients at several years of age who were born 
prematurely.193 All these patients also had IVH, and thus 
cerebellar damage was likely a result of diffuse ischemic 
injury. Only one of the six patients was diagnosed on 
sonography as having cerebellar damage. Because the 
vermis is so echogenic, edema or hemorrhage can be a 
difficult diagnosis in this region (see Fig. 47-53). Cere-
bellar infarction was also diagnosed with MRI in 13 
patients with severe cerebral palsy who had cerebellar 

FIGURE 47-58. Brainstem and cerebellar hemorrhage. A and B, Sagittal and axial sonograms show highly echogenic 
hemorrhage in the brainstem (B), cerebellar vermis and hemispheres, and posteriorly in the occipital cortex (O), after acute, near-total 
intrauterine asphyxia. Clot is also seen in the third ventricle (3) just below the cavum septi pellucidi.
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CEREBRAL INFARCTION: 
SONOGRAPHIC SIGNS

Echogenic parenchyma
Lack of arterial pulsation at real-time examination
Lack of a vascular waveform on pulsed Doppler
Lack of flow on color Doppler
Mass effect from edema
Arterial territorial distribution of injury
Decreased sulcal definition
Increased pulsation in periphery of infarcted section
Early collateral arterial vessels within hours of insult
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hours of a focal vascular insult, both experimentally and 
in newborn infants.199 Power Doppler may be more sensi-
tive than color Doppler in detecting the increase in the 
size and number of vessels seen with luxury perfusion.196

Basal Ganglia Vasculopathy

Linear branching echogenicity in the lenticulostriate 
arteries of the thalamus and basal ganglia are uncommon 
but have been described in intrauterine viral infections 
(rubella, CMV, syphilis) (Video 47-10), neonatal 
asphyxia, nonimmune hydrops, fetal alcohol syndrome, 
and trisomies 13 and 21. Coley et al.200 reported that 
hypoxic-ischemic conditions accounted for 30 of 63 

FIGURE 47-59. Focal infarction in term 
infant. A, Coronal sonogram shows early focal echo-
genicity in the left temporoparietal region in area of 
middle cerebral artery vascular distribution. B, CT scan 
several days later shows evolving infarction, seen as large 
areas of hypodensity on both sides of the brain—a typical 
parasagittal distribution. C, Coronal pathology specimen 
in a different patient shows a typical focal infarction 
extending to the brain surface in a parasagittal distribu-
tion. (From Friede R. Developmental neuropathology. 2nd 
ed. New York, 1975, Springer-Verlag.)
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cases. An interesting correlation by Denbow at al.201 
showed that the twin-twin transfusion syndrome had 
multiple signs of focal infarction as well as lenticulostri-
ate vasculopathy. On sonography, these echogenic vessels 
develop at a mean age of 1 month and appear to be a 
marker for more diffuse brain injury; some found an 
increased risk for poor neurologic outcome.202,203

Hyperechoic Caudate Nuclei

Bilateral hyperechoic foci in the caudate nuclei develop 
in the characteristic location of GMH but are atypical 
in that they are sharply marginated, teardrop shaped, 
bilateral, and symmetrical (Fig. 47-60). Schlesinger 
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Cheng Yu Chen16 reported that color Doppler sonog-
raphy distinguishes subarachnoid and subdural fluid and 
hemorrhage based on displacement of vessels on the 
brain surface (Fig. 47-62; see Chapter 48). It remains to 
be proven whether color Doppler can reliably predict 
atrophy with subarachnoid fluid collections from the 
excess fluid under pressure in subdural fluid collections. 
Doppler ultrasound may be useful in determining which 
patients may be simply observed and which require MRI 
for a more specific diagnosis of hemorrhage.

After the neonatal period, when birth trauma may 
cause hemorrhage, the presence of new subdural fluid 
collections should suggest preexisting meningitis (most 
often from Haemophilus influenzae) or nonaccidental 
trauma.16,207 If an infant’s head circumference increases 
abnormally fast after the first 2 weeks of life, a CT 
examination is usually performed to search for extra-axial 
fluid, because the most common cause is subdural  
hemorrhage, not hydrocephalus. If a sonographic exami-
nation is performed, the clinician should carefully search 
the near field with magnified views for extracerebral fluid 
and cerebral tears, as well as membranes seen in chronic 
subdural fluid collections.16,208

INFECTION

Congenital Infections

Congenital infections can have serious consequences  
for the developing fetus. Death of the fetus, congenital 
malformations, mental retardation or developmental 
delay, and spasticity or seizures may result from infection 

et al.204 reported that five of nine infants had ischemia 
and two were normal in this area, based on MRI and 
histopathologic review. Hyperechoic caudate nuclei 
seem to occur late, usually after the first week of life, 
when most GMH occurs.

POSTTRAUMATIC INJURY

Subdural and Epidural Hematomas

Subdural and epidural hemorrhage can be a difficult 
diagnosis on sonography compared with CT or MRI.10,205 
On sonographic examination, these hematomas present 
as unilateral or bilateral hypoechoic fluid collections sur-
rounding the brain parenchyma (Fig. 47-61). Subdural 
hematomas are uncommon in newborns and not neces-
sarily indicative of birth trauma, since 13 of 26 affected 
infants diagnosed on CT had a history of trauma.206 
Fortunately, surgery is rarely required. Small amounts of 
fluid may be difficult to detect secondary to the near-
field artifact inherent in every transducer. However, this 
is less of a problem if a high-frequency transducer 
(10-12 MHz) is used. With a lower-frequency trans-
ducer, interposing an acoustic gel pad between the trans-
ducer and the fontanelle can assist in eliminating the 
near-field artifact by moving it superiorly out of the 
brain. Magnified coronal sections with high-frequency 
linear transducers (at least 10-12 MHz) are best for 
appreciating the epidural and subdural collections in the 
supratentorial space. Imaging through the foramen 
magnum or posterior fontanelle can assist in diagnosing 
infratentorial extra-axial fluid collections.

FIGURE 47-60. Hyperechoic caudate nucleus (bilateral). A and B, Coronal and sagittal sonograms show echogenic caudate 
nuclei that did not appear abnormal until the premature infant was about 1 month of age (postulated to be remote ischemic damage).
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births.209,212 CMV may be acquired at or after birth with 
little or no consequence, but prenatal infections may 
result in serious damage to the developing brain.213,214 
Toxoplasmosis is the second common congenital infec-
tion and is caused by the unicellular parasite Toxoplasma 
gondii.209,215,216 Maternal infection is usually subclinical. 
Maternal immunity to CMV reduces the risk of CMV 
in utero, and vaccines are being considered.217

The severity of the infection with either CMV or 
toxoplasmosis depends on the timing of the infection 
during gestation. Earlier infection, before 20 to 24 weeks, 
results in more devastating outcomes: microcephaly, lis-
sencephaly with abnormal myelination, a hypoplastic 
cerebellum, polymicrogyria and cortical dysplasias, 
porencephaly, and multicystic encephalomalacia.218 
CMV has been reported to cause schizencephaly in some 

at critical times during gestation.209 Ultrasound plays 
an important role in identifying and following both 
antenatal and neonatal complications from congenital 
infections.210

The most frequent congenital infections are com-
monly referred to by the acronym TORCH. This  
refers to the infections Toxoplasma gondii, rubella, cyto-
megalovirus (CMV), and herpes simplex virus (HSV) 
type 2. The O stands for “other,’’ such as syphilis. Syphi-
lis causes acute meningitis, infrequently resulting in 
parenchymal lesions in the newborn.211

Cytomegalovirus and Toxoplasmosis

Of the TORCH group, congenital infection by CMV is 
the most common, occurring in approximately 1% of all 

FIGURE 47-61. Subdural hematoma. A and B, Coronal and sagittal sonograms show fluid over the surface of the brain. Surface 
sulci are usually not imaged because the initial transducer artifact obscures the first 1 cm below the fontanelle. C and D, Magnified, high-
resolution sonograms show sulci more clearly. E, CT scan shows extracerebral fluid.
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a predilection for the basal ganglia. However, both  
patterns have been seen in either infection.219-222 Reso-
lution of intracranial calcification has been reported after 
treatment of congenital toxoplasmosis, consistent with 
improved neurologic outcome.223

Sonography can demonstrate the periventricular or 
scattered cerebral calcifications as echogenic foci with  
or without acoustic shadowing. In eight proven cases  
of CMV, Malinger et al.218 reported periventricular 
hyperintensity in all cases, as well as calcification, ven-
triculomegaly, hypoplastic vermis, periventricular cysts, 
intraventricular adhesions, and echogenic vasculature in 
the basal ganglia (Video 47-10). Cerebellar calcification 
was seen in one patient.218 The brain parenchyma 
may appear disorganized, with poorly defined sulci  
and corpus callosum. CT demonstrates the calcification 

patients80,81 (see Fig. 47-37). Ventriculomegaly may 
result from brain volume loss. Later infection, after  
24 weeks, will result in less severe neurologic damage. 
Perinatal or neonatal death is expected with the more 
severe and earlier insults. Mental retardation, develop-
mental delay, spasticity, and seizures are all potential 
outcomes.

To differentiate CMV from toxoplasmosis, serum 
titers for antibodies against these organisms are useful.219 
Other differentiating criteria include the petechial  
skin lesions and hepatomegaly associated with CMV  
and chorioretinitis associated with toxoplasmosis. Intra-
cranial calcifications have been described in both  
infections.220,221 CMV classically causes periventricular 
calcifications (Figs. 47-63 and 47-64; Video 47-10). 
Toxoplasmosis causes more scattered calcifications with 

FIGURE 47-62. Subdural versus subarachnoid fluid collections. A, Drawing shows vessels are compressed onto the surface 
of the brain in subdural fluid collections (SC) and vessels cross the fluid in subarachnoid space (SAS). B, Color Doppler shows vessels 
crossing into subarachnoid fluid (arrowheads). C, Color Doppler image shows vessels compressed in subdural region (arrows, arrowheads). 
D, Color Doppler image shows “neomembrane” (arrows) formed in subdural fluid collections. (From Chen CY, Chou TY, Zimmerman RA, 
et al. Pericerebral fluid collection: differentiation of enlarged subarachnoid spaces from subdural collections with color Doppler ultrasound. Radiol-
ogy 1996;201:389-392.)

A B

C D



Chapter 47 ■ Neonatal and Infant Brain Imaging  1621

FIGURE 47-63. Cytomegalovirus encephalitis. A and B, Periventricular echogenicity and focal calcification (arrow) with little 
acoustic shadowing. C, D, and E, In another patient, focal calcifications on ultrasound; F, CT scan.

A B

C

FE

D



1622  PART V ■ Pediatric Sonography

Rubella

Since the widespread availability of rubella vaccine  
after 1967, congenital rubella has fortunately become 
extremely uncommon in the Western world. Unfortu-
nately, it remains a significant problem in many other 
parts of the world. Rubella is not known to cause  
cerebral malformations. Levene et al.225 described a case 
of echogenic calcifications in the basal ganglia confirmed 
at autopsy. Subependymal cysts are also described.228 
Microcephaly, vasculopathy,228 and massive calcification 
of the brain detectable on plain radiography have been 
described in an infant who died at 9 days of age.226

Neonatal Acquired Infections

Meningitis and Ventriculitis

Despite the development of antibiotics to treat bacterial 
infections in the latter half of the 20th century, bacterial 
meningitis remains a serious concern for infants and 

better, but MRI shows abnormal myelination or cortical 
dysplasias most reliably.174

Herpes Simplex Virus

Herpes simplex virus type 1 (HSV-1) or type 2 (HSV-2) 
may cause disease of the CNS, although HSV-2 is more 
common in the neonate, and HSV-1 occurs primarily in 
older children and adults.209 HSV-2 may be acquired 
transplacentally or by vaginal exposure to herpetic genital 
lesions during birth. The resulting encephalitis is typi-
cally diffuse, resulting in loss of gray/white matter dif-
ferentiation. (This differs from the temporal lobe disease 
seen in older children and adults with HSV-1.) Cystic 
encephalomalacia of periventricular white matter and 
hemorrhagic infarction with scattered parenchymal cal-
cifications frequently result.224 Relative sparing of the 
lower neural axis, including the basal ganglia, thalamus, 
cerebellum, and brainstem, is typical.225,226 Infections 
acquired in utero may lead to microcephaly, intracranial 
calcifications, and retinal dysplasias.227

FIGURE 47-64. Cytomegalovirus infection. A and C, Coronal; B, sagittal; and D, posterior fontanelle views of the occipital 
horn show septations typical of postinfectious intraventricular damage. CMV calcifications and septations may be subtle and require 
magnified views to be certain of the diagnosis.
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INTRACRANIAL MASSES

Brain Tumors

Only 11% of children with brain neoplasms present 
before 2 years of age. Tumors that do present before 2 
years are usually congenital. Brain tumors can be difficult 
to diagnosis in the neonate. If the neoplasm causes 
hydrocephalus, signs and symptoms of increased intra-
cranial pressure, such as enlarging head size, vomiting, 
or behavioral alteration. may be recognized. More spe-
cific signs and symptoms depend on the location of the 
tumor, such as cranial nerve findings or pituitary gland 
and hypothalamic functions. MRI or CT is generally  
the imaging modality of choice in these infants.229 How-
ever, with nonspecific signs and symptoms, including an 
enlarging head from hydrocephalus, ultrasound may be 
the first imaging performed. Sonography can delineate 
the tumor site and size and evaluate cystic and solid 
components.

Tumors may present initially because of hemorrhage 
into the tumor. In fact, because hemorrhage is so much 
more common than tumor in newborns, it may be 
extremely difficult to differentiate a simple hematoma 
from a tumor; both can be quite echogenic. We have 
seen at least three cases of congenital tumor presenting 
as hemorrhage. Any hemorrhage presenting in unusual 
circumstances or in an unusual location should be inves-
tigated by contrast-enhanced CT or MRI, searching for 
an occult tumor.10 For unusual hemorrhage, follow-up 

children. During the first month of an infant’s life, the 
two most common infections result from Escherichia coli 
and group B streptococci. Between 4 and 12 weeks, E. 
coli and Streptococcus pneumoniae are the most common, 
and from 3 months to 3 years, Haemophilus influenzae 
is most frequent. This is usually a clinical diagnosis; 
imaging is needed only to evaluate for complications or 
when the patient’s clinical situation deteriorates.31,228

Complications of meningitis include subdural empy-
emas or fluid collections (see Figs. 47-61 and 47-62), 
cerebritis, abscess formation, and venous sinus thrombo-
sis. Infarctions can occur from either arterial vasculitis  
or venous obstruction, as a result of venous sinus throm-
bosis. Sonography can identify these complications but 
is not specific. Areas of increased or decreased echo-
genicity of brain parenchyma or sulci may represent 
edema, cerebritis, or evolving infarction (Figs. 47-65 
and 47-66).

Ventriculitis, another complication of meningitis seen 
in 60% to 95% of cases, is suggested by the sonographic 
findings of hydrocephalus, echogenic debris within the 
ventricles, increased echogenicity, or a shaggy ependymal 
lining or fibrous septa within the ventricles124 (Fig. 
47-67). Ultrasound is best for identifying intraventricu-
lar septa formation compared to CT or MRI. These 
septations can result in shunt failure or allow bacteria to 
escape antibiotic exposure. MRI and CT with enhance-
ment are more sensitive for localizing the complications 
of infection, such as infarcts, venous sinus thrombosis, 
and extra-axial fluid collections.209

FIGURE 47-65. Group B streptococcal meningitis. A and B, Coronal and sagittal sonograms show diffusely echogenic sulci 
that appear thicker than normal.
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FIGURE 47-66. Group B streptococcal meningitis with focal infarction. A, Coronal sonogram with color Doppler 
shows lack of flow in the left middle cerebral artery (MCA, arrow); gray scale alone showed symmetrical, increased echogenicity. B, Pulsed 
Doppler image in the right MCA (opposite side) shows greatly increased diastolic flow. C, Coronal sonogram, and D, CT scan, later show 
hemorrhage into an infarction with midline shift from left to right. E and F, Coronal anterior and posterior sonograms show left MCA 
focal echogenic infarct, etiology unknown, in another premature infant at 2 weeks after birth.
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series.31,229-232 Supratentorial neoplasms are more 
common than infratentorial tumors by approximately 
2.5:1. Teratomas are now the most frequent neoplasms 
reported in the first year of life. Astrocytomas (astrocytic 
gliomas) are second in most series, usually arising from 
the optic chiasm and nerves or the hypothalamus (Figs. 
47-68 and 47-69). Other neoplasms include atypical 
teratomas or rhabdoid tumors (rather than medullo-
blastomas) primitive neuroectodermal tumors 
(PNETs), ependymomas,233-238 and choroid plexus 
papillomas (Fig. 47-70). Sporadic cases of oligodendro-
gliomas, hemangioblastomas, hemangiomas, dermoid 

FIGURE 47-67. Antenatal infection: ventriculitis. Term infant with diffusely echogenic cerebral cortex and hydrocephalus. 
Septations have isolated the left temporal horn into a cystic mass, in addition to absence of the corpus callosum and vermian hypoplasia 
from a Dandy-Walker malformation.

scans are also helpful because clotting from the hemor-
rhage will resolve over time, allowing the tumor to be 
visualized.

Spectral and color Doppler imaging can identify vas-
cular components of the tumor. Follow-up with MRI or 
CT is then performed to evaluate the full extent of the 
neoplasm, assist with differential diagnosis, and evaluate 
for therapeutic approaches. Differentiating the histologic 
type of the neoplasm is not possible, but localizing the 
tumor usually allows a differential diagnosis.

Tumor location in infants less than 1 year of age 
differs from that in older children and differs by 
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COMMON BRAIN TUMORS IN FIRST 
YEAR OF LIFE

Teratomas
Suprasellar astrocytomas (hypothalamic)
Teratomas/rhabdoid tumors
Ependymomas
Choroid plexus tumors
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cysts, lipomas, primary neuroblastoma, teratomas, and 
meningiomas have been reported.239 A few cases of 
diffuse neonatal hemangiomatosis have been reported, 
with numerous hemangiomas of the brain, skin, spinal 
cord, liver, and heart. Although these may cause conges-

tive heart failure, the greatest risk is bleeding into  
the lesions and possible DIC. These infants do not 
usually live long enough for steroid therapy to cause 
involution of the lesions, which typically helps in neo-
natal hemangiomas.240

The ultrasound appearances of brain tumors are  
variable and nonspecific, but many are hyperechoic. 
Insufficient data are available on the ultrasound evalua-
tion of neoplasms because most are evaluated with MRI 
or CT.

Cystic Intracranial Lesions

Cystic intracranial lesions are quite common, and ultra-
sound is the best method for evaluating such lesions 

FIGURE 47-68. Astrocytic glioma 
(astrocytoma). A and B, Coronal and sagittal 
scans show echogenic mass (M) with cystic compo-
nent (C) extending superiorly between lateral ven-
tricles (LV). C, Axial enhanced CT scan. (Courtesy 
T. Stoeker, MD, Roanoke, Va)
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FIGURE 47-69. Optic glioma. A and B, Coronal and sagittal sonograms show midline echogenic mass. C, CT scan, and D, sagittal 
T1-weighted MR image, with contrast, show enhancement of midline optic glioma.
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(short of surgical proof ). Fortunately, most cystic masses 
of the brain are quite benign, so it is important to rec-
ognize them for what they are31 (Table 47-3). Epelman 
et al.40 describe the differential diagnosis of intracranial 
cystic lesions on ultrasound, CT, and MRI.39,241,242 First, 
it is important to recognize the normal cystic structures 
and the variants discussed earlier under Developmental 
Anatomy, including the cavum septi pellucidi and 
vergae, cavum velum interpositum, frontal horn cysts, 
and the cisterna magna. Second, a normal variant, a large 
or mega cisterna magna, is not a true cyst (see 
Fig. 47-33).

Arachnoid Cysts

Arachnoid cysts are the most common true cysts of the 
brain but make up only 1% of all space-occupying 
lesions in children.31 Arachnoid cysts are CSF-containing 

TABLE 47-3. CYSTIC BRAIN LESIONS

CATEGORY SPECIFIC LESIONS

Normal variants Frontal horn cysts*
Choroid plexus cysts

Congenital Primary arachnoid cyst
Dandy-Walker malformation
Hydranencephaly
Holoprosencephaly

Periventricular Periventricular leukomalacia
Subependymal cyst
Porencephalic cyst

Neoplastic Cerebellar astrocytoma (cystic type)
Craniopharyngioma
Teratoma

Inflammatory Abscess
Subdural empyema

Other Secondary arachnoid cysts
Vein of Galen malformation

*Also called connatal cysts or coarctation of the lateral ventricle.
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system (see Fig. 47-51). These lesions are usually 
caused by brain parenchymal hemorrhage, infection, or 
surgery.10

Choroid Plexus Cysts

Choroid plexus cysts are common and usually 
asymptomatic.244-247 Choroid cysts occur in all age groups 
and are found in 34% of fetuses and infants at autopsy.207 
However, prenatal and neonatal ultrasound reports have 
identified choroid cysts in only approximately 1% of the 
populations studied. They are distinctly different from 
and should not be confused with subependymal cysts. 
Choroid plexus cysts tend to be single and present as an 
isolated finding, not associated with other CNS or chro-
mosomal abnormalities.245 However, large (>10 mm) 
and multiple choroid cysts may be associated with chro-
mosomal anomalies, particularly trisomy 18,2 trisomy 
21, and Aicardi syndrome.248 Many other anomalies are 
typically present in these newborns.

A choroid plexus cyst appears as a cystic mass with 
well-defined walls within the plexus (Fig. 47-71). 
Choroid cysts vary in size from less than 4 mm to 7 mm 
and are usually unilateral, left greater than right, and 
situated in the dorsal aspect of the choroid plexus. Rare 
cases of symptomatic choroid cysts causing obstructive 
hydrocephalus have been reported but are probably 
related to some specific cause rather than a normal 
variant.247,248 Some choroid plexus “cysts’’ are actually 
vessels in the choroid,249 which can be recognized with 
color Doppler even in utero. Occasional choroid cysts 
develop after choroid plexus hemorrhage into the ven-
tricle (Fig. 47-71).

FIGURE 47-70. Choroid plexus papilloma (arrows) in left lateral ventricle. A and B, Coronal and sagittal sonograms; 
T, thalamus; V, lateral ventricle. (Courtesy D. Pretorius, MD, University of California at San Diego.)
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spaces between two layers of arachnoid membrane. 
Primary and secondary cysts are believed to develop by 
different mechanisms. Primary cysts are believed to 
result from abnormal splitting of the arachnoid and from 
CSF collecting between the two layers. Secondary arach-
noid cysts may develop by CSF trapped between arach-
noid adhesions. Arachnoid cysts, particularly those in the 
midline, may grow and cause obstruction of the ven-
tricular system.31,243 These midline arachnoid cysts most 
often present with hydrocephalus in infancy. The ultra-
sound appearance of an arachnoid cyst is an anechoic 
area with discrete walls. Midline arachnoid cysts are fre-
quently associated with other brain anomalies. With 
agenesis of the corpus callosum, midline cysts are fre-
quently continuous with an elevated third ventricle. In 
alobar holoprosencephaly, a dorsal cyst may be continu-
ous with the single central ventricle.

SITES OF ARACHNOID CYSTS*

Anterior portions of middle cranial fossa
Suprasellar region
Posterior fossa
Quadrigeminal region
Cerebral convexities
Interhemispheric fissure

*In decreasing order of frequency.

Porencephalic Cysts

Porencephalic cysts are a result of brain necrosis and 
cavitation, which is continuous with the ventricular 
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FIGURE 47-71. Choroid plexus cyst. A, Subacute hypoechoic choroid plexus hemorrhage. B and C, Choroid plexus cyst that 
developed after the hemorrhage.

B

C

A

Supratentorial Cystic Lesions in 
Periventricular Location

Many periventricular cysts are found in and around the 
normal ventricles (Fig. 47-72).

Frontal Horn Cysts

The frontal horn cysts that are attached directly lateral 
to the frontal horn have also been called coarctation of 
the lateral ventricles and connatal cysts40 (see Fig. 
47-15). Although these frontal horn cysts were previ-
ously thought to be postischemic, it is now believed that 
they form as a normal variant anterior to the foramen of 
Monro. The ventricle seems to have folded on itself, 
causing the wall to lie against the frontal horn.

Subependymal Cysts

Subependymal cysts present as discrete cysts in the lining 
of the ventricles (Fig. 47-73). These cysts most often 
result from the sequelae of GMH in premature 
infants.250,251 Other causes include infection, including 
CMV and rubella, and the rare cerebrohepatorenal 
(Zellweger) syndrome.73,252 Subependymal cysts can also 
be an isolated finding with no apparent predisposing 
event.246 Cocaine exposure has been reported to signifi-
cantly increase the incidence of subependymal cysts in 
premature infants.253

Periventricular Leukomalacia

Periventricular cysts also result from PVL (see Fig. 
47-56). These cysts develop lateral and above the entire 
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FIGURE 47-73. Subependymal cyst. A and B, Coronal and midline sagittal sonograms show cyst (arrow), which formed after 
cytomegalovirus antenatal infection in the region of the caudothalamic notch, where we typically expect to see germinal matrix hemor-
rhage. The cyst was present at birth.

A B

FIGURE 47-72. Periventricular cysts. These 
cysts include the normal-variant frontal horn cyst 
(FC), the subependymal cyst (SC), cystic periven-
tricular leukomalacia (PVL), and porencephalic 
cysts that communicate directly with the ventricle, 
caused by intraparenchymal hemorrhage or infection 
(cerebritis).

lateral ventricle, typically above the frontal horn and 
body of the ventricle.

Galenic Venous Malformations

Galenic venous malformations are frequently referred to 
as “vein of Galen aneurysms,” but this is a misnomer 
because these are not true aneurysms. These abnormali-
ties actually represent dilation of the vein of Galen 
caused by a vascular malformation that is fed by large 
arteries off the anterior or posterior cerebral artery circu-
lation.254 Infants with large shunts usually present in the 
first month of life with congestive heart failure.255 In later 
childhood, smaller shunts present with seizure, cranial 
bruit, hydrocephalus, and cardiomegaly.

Sonographically, a galenic venous malformation 
appears as an anechoic cystic mass between the lateral 
ventricles (Fig. 47-74). It lies posterior to the foramen 
of Monro, superior to the third ventricle, and primarily 
in the midline.256,257 These malformations are differenti-
ated from other cystic masses by identification of a large 
feeding vessel. Spectral or color Doppler sonography can 
be used to identify blood flow filling the mass, thus 
confirming the diagnosis.258 Hydrocephalus may or may 
not be present. Calcification may occur, especially if 
there is thrombosis in the malformation.259 MRI and 
MR angiography may be valuable in planning treat-
ment.260 If treatment is considered with embolization, 
angiography may be required.261
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Continuous and pulsed wave or spectral Doppler tech-
niques have been in use for many years in the monitoring 
of intracranial hemodynamics in the newborn.1-3 
Although early Doppler studies were useful in attempt-
ing to understand the pathophysiology of cerebrovascu-
lar injury, they were limited by the inability to image the 
actual vessels. The introduction of color flow Doppler 
technology made identification of the origin of the 
Doppler signal and its orientation to the transducer 
easier to achieve. Further improvements in color sensitiv-
ity and transducer design now allow routine imaging of 
the intracranial vasculature in newborns, including the 
identification of flow in submillimeter arteries and in  
the main venous drainage pathways of the brain.4 The 
extended dynamic range and increased sensitivity of 
power-mode Doppler (amplitude-mode color or color 
flow Doppler energy) can be used to improve depiction 
of low-velocity and low-amplitude flow. Although not 
used as part of the routine screening examination of 
asymptomatic premature infants, cranial Doppler sonog-
raphy can be a helpful diagnostic and problem-solving 
tool in a variety of clinical situations.

SONOGRAPHIC TECHNIQUE

Transcranial Approaches

Three different scanning approaches to the neonatal 
brain have worked well, each with its own advantages.5-9 
The anterior fontanelle approach is the most common 

and easiest to use. The basilar, internal carotid, and 
anterior cerebral arteries, as well as the internal cerebral 
veins, vein of Galen, and the superior sagittal and straight 
sinus, can be routinely visualized on sagittal scans near 
the midline (Fig. 48-1, A and C ). The inferior sagittal 
sinus is difficult to resolve as a separate vessel because its 
course is often superimposed on the posterior portion of 
the pericallosal artery. The smaller thalamostriate arteries 
and opercular branches of the middle cerebral artery may 
be seen on angled sagittal images (Fig. 48-1, B).

On coronal scans through the anterior fontanelle, the 
supraclinoid internal carotid arteries, M1 segments of 
the middle cerebral arteries, thalamostriate arteries, A1 
segments of the anterior cerebral arteries, and the cavern-
ous sinus can almost always be visualized on anteriorly 
angled scans (Fig. 48-2). Paired terminal and internal 
cerebral veins, thalamostriate arteries, the basilar artery, 
straight sinus, and transverse sinuses can be seen on  
more posteriorly angled scans. A major drawback of the 
coronal plane is the near perpendicular angle between 
the middle cerebral arteries and the ultrasound beam, 
such that measured frequency shifts from flowing red 
blood cells approach zero.

The temporal bone approach is best for the middle 
cerebral artery because it is parallel to flow. The trans-
ducer is placed in axial orientation approximately 1 cm 
anterior and superior to the tragus of the ear. Using the 
thin temporal bone as an acoustic window, adequate 
penetration for imaging and Doppler studies can be 
achieved in most full-term neonates. This approach 
allows visualization of the major branches of the circle 

1637
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just inferior to the occipital protuberance, and angled 
cephalad in either sagittal or axial orientation. The cer-
ebellar venous arcade, cerebellar arteries, and basilar 
artery can be depicted in most patients (Fig. 48-5).

Doppler Optimization

For the best visualization of the intracranial vascular 
system, the image should be electronically magnified  
and the color region of interest restricted to enhance 
color sensitivity and frame rate. Color gain should be 
adjusted to maximize vascular signal and minimize tissue 
motion artifacts, and the lowest bandpass filter should 
be used to maximize low-flow sensitivity necessary for 

of Willis (Fig. 48-3). In most premature infants, both 
middle cerebral arteries can be easily insonated from one 
side of the head.

The posterolateral (mastoid) fontanelle approach is 
an angled axial scan. This portal is located approximately 
1 cm behind and superior to the concha of the ear. It is 
the preferred approach for imaging flow in the transverse 
venous sinuses, and the torcular herophili in selected 
patients (Fig. 48-4).

Additional images of the posterior fossa circulation 
may be obtained using the foramen magnum approach. 
The patient is placed in lateral recumbent position with 
the head gently flexed, similar to the positioning for a 
lumbar puncture. The transducer is placed in the midline, 

FIGURE 48-1. Normal sagittal color flow Doppler sonogram of cerebral arteries and veins.  A, Sagittal midline 
scan with infant facing left shows 1, the internal carotid artery; 2, pericallosal artery; 3, basilar artery; 4, vein of Galen; and 5, straight 
sinus. The inferior sagittal sinus and distal pericallosal artery (arrow) are often superimposed and cannot be resolved as separate vessels. 
B, Angled sagittal scan shows anterior and posterior thalamostriate arteries coursing through basal ganglia (arrowhead) and thalamus 
(arrow). C, Close-up sagittal view of superior sagittal sinus shows flow in small cortical veins (arrows) draining into sinus.
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evaluating venous structures. A 7 to 15–MHz linear 
transducer is recommended for examining the superfi-
cially located superior sagittal sinus. Visualization of  
the smaller arterial branches of the middle and anterior 
cerebral arteries can also be accomplished in the majority 
of normal premature and full-term infants, but often 
requires higher-frequency (7 or 10 MHz) vector or 
sector transducers capable of detecting lower velocity  
and amplitude signal. The use of power Doppler sonog-
raphy is recommended when directional information  
is of secondary importance and detection of flow is 
primary.

FIGURE 48-2. Normal cerebral arteries and veins, coronal view. A, Coronal scan anterior to caudate head shows paired 
internal cerebral arteries (IC), M1 and M2 segments of the middle cerebral arteries, and anterior cerebral arteries (AC). Pericallosal artery 
(arrow) is seen in the interhemispheric fissure (3). B, Coronal scan at the level of caudate head shows 1, thalamostriate arteries; 2, terminal 
veins; 3, sagittal sinus; and pericallosal artery. C, Coronal scan through posterior third ventricle shows 5, straight sinus, and 6, basal veins 
of Rosenthal. D, Posteriorly angled scan through atria of lateral ventricles shows 5, straight sinus; 7, transverse sinuses; and 8, choroidal 
vessels.
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DOPPLER OPTIMIZATION

Electronically magnify image.
Restrict color region of interest to enhance color 

sensitivity and frame rate.
Adjust color gain to maximize vascular signal and 

minimize tissue artifact.
Use lowest bandpass filter to maximize low-flow 

sensitivity and evaluate venous structures.
Use 7-MHz linear transducer for superior sagittal 

sinus.
Use power-mode Doppler for smallest vessels when 

flow direction is not needed.
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Safety Considerations

During pulsed wave and color flow Doppler examina-
tions, signal is obtained by imparting energy into tissues. 
Although intracranial Doppler ultrasound is safe, bio-
logic effects may be identified in the future. Thus, 
Doppler exposure should be time limited, and the signal 
intensity should be maximized by increasing gain and 
not transducer power output settings. The U.S. Food 
and Drug Administration (FDA) has revised its approach 
to ultrasound safety. In doing so, it set a new overall 
upper limit of 720 mW/cm2 maximum in situ spatial 
peak, temporal average intensity (Ispta) intensities, an 
eightfold increase in ultrasound intensity for fetal and 

For specific vessel evaluation, spectral or duplex pulsed 
wave Doppler imaging can be performed using 3.5 to 
15–MHz probes, depending on the depth and location 
of the target vessel. Spectral Doppler imaging is essential 
for the evaluation of intracranial hemodynamics in both 
the arterial and the venous system.

FIGURE 48-3. Normal middle cerebral artery and 
circle of Willis, axial view. Axial scan obtained through 
left temporal bone shows major branches of the circle of Willis. 
The A1 segment of the left and right anterior cerebral artery (A); 
the middle cerebral arteries (M); posterior communicating arteries 
(P); and posterior cerebral arteries (C).
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FIGURE 48-4. Normal transverse sinus flow on 
power Doppler ultrasound. Angled axial amplitude-mode 
color flow Doppler image through mastoid fontanelle shows flow 
in both transverse sinuses. Note dilated fourth ventricle (V).

V
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FIGURE 48-5. Normal posterior fossa vessels, foramen magnum view. A, Midline axial scan obtained through foramen 
magnum shows branches of the superior cerebellar arteries (SCA), and portions of the cerebellar venous arcade (arrowheads). B, Midline 
sagittal scan shows basilar artery (BA), along anterior surface of pons, and fourth ventricle (4).
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elevated intracranial RI. During tachycardia, the arterial 
pressure wave has less time to dissipate before another 
systolic ejection occurs. Intracranial RI is artificially lower 
because diastolic velocities are measured at middiastole, 
when velocities are higher, rather than during end dias-
tole. Left ventricular dysfunction (decreased cardiac 
output) results in a decreased systolic pressure wave, 
lowered systolic velocities, and a reduced RI.

The RI is only a weak predictor of cerebrovascular 
resistance under most physiologic conditions.17 Mean 
blood flow velocity measures are the most informative 
indices of cerebral blood flow (CBF). Although accu-
rate placement of the sample volume and angle of 
insonation are required, a strong correlation has been 
demonstrated between mean blood flow velocity and 
changes in global CBF under a variety of clinical and 
experimental conditions17-20 (Fig. 48-8).

NORMAL HEMODYNAMICS

Normal Arterial Blood  
Flow Patterns

Arterial hemodynamics in the cerebral circulation are 
affected by normal maturational events in the healthy 
newborn. The resistive index in the anterior cerebral 
artery decreases from a mean of 0.78 (range, 0.5-1.0) in 
preterm infants to a mean of 0.71 (range, 0.6-0.8) in 
full-term newborns.2,3,21-23 This trend is associated with 
increasing diastolic flow velocities and may be related to 

FIGURE 48-6. Determination of resistive index (RI) and pulsatility index (PI). A, The RI of Pourcelot can be derived 
by placing the Doppler cursor at peak systolic velocity, Vs, or maximum velocity (long arrow), and at end diastolic velocity, Ved, or 
minimum velocity (short arrow). The RI is calculated as Vs-Ved/Vs. B, The PI of Gosling is derived by tracing the outer envelope of a 
single cardiac cycle (arrow) and calculating the time-averaged maximum velocity envelope (TAMX). The PI is calculated as Vs-Ved/TAMX.
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neonatal intracranial applications.10 These new guide-
lines place much more responsibility on the operator to 
understand and limit the two most important determi-
nants of ultrasound energy output during examinations, 
the mechanical index (MI) and thermal index (TI). The 
ALARA principle (as low as reasonably achievable) 
should be followed to limit energy exposure to tissues.11,12

Doppler Measurements

The resistive index (RI), instantaneous peak systolic and 
end diastolic velocities, and mean blood flow velocity 
over time (time-averaged velocity) are the most common 
spectral Doppler measures for monitoring intracranial 
hemodynamics. The easiest and most reproducible are 
measures of pulsatility (Fig. 48-6). These measures are 
relatively insensitive to differences in angle of insonation 
and correlate well with acute changes in intracerebral 
perfusion pressure.13 However, many factors other than 
cerebrovascular resistance may affect RI in an intracra-
nial vessel14-16 (Fig. 48-7 and Table 48-1).

These factors modify RI through the following mecha-
nism. With increasing filter settings, lower velocities 
are not depicted, resulting in a falsely elevated RI. Trans-
ducer pressure on the anterior fontanelle may transiently 
increase intracranial pressure, which in turn preferen-
tially reduces flow during diastole and increases RI. In 
infants with a symptomatic patent ductus arteriosus, 
resistance to flow in the cerebrovascular bed is higher 
than pulmonary vascular resistance. This results in shunt-
ing of blood away from the brain during diastole and an 
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weighing over 2500 g at birth, anterior cerebral artery 
RI decreased from a mean of 70.6 ± 7 (range, 51-87) to 
68.3 ± 6 (range, 51-83) within the first 24 hours.24

Table 48-2 provides the range of published peak sys-
tolic and end diastolic velocities and RI values in several 
intracranial arteries. Although the range of normal values 
is broad, no great variability should be seen in the indi-
vidual patient. Changes of more than 50% from baseline 
values should be considered abnormal. There are no 
consistent differences in instantaneous blood flow veloc-
ity or pulsatility of flow among the major branches of 
the circle of Willis or between right-sided and left-sided 
structures.

Normal Venous Blood Flow Patterns

Venous blood flow is continuous in smaller intracerebral 
veins such as the terminal and internal cerebral veins.25 

FIGURE 48-7. Factors affecting intracranial resistive 
index (RI). A, High variability in pulsatility of flow related to left 
ventricular dysfunction. Doppler tracing from the anterior cerebral 
artery in an infant with congenital heart disease. B, High pulsatility 
with absent diastolic flow in infant with symptomatic patent ductus 
arteriosus (PDA). C, Progressively higher wall filter settings show 
what appears to be absent flow during diastole as the filter cuts out 
lower flow.
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TABLE 48-1. FACTORS THAT CHANGE 
RESISTIVE INDEX (RI)

FACTOR EFFECT ON RI

High-pass filter settings Increased
Scanning pressure Increased
Patent ductus arteriosus Increased
Elevated heart rate Decreased
Decreased cardiac output Decreased

peripheral changes in cerebrovascular resistance or to 
changes proximal to the site of recording, such as a 
closing ductus arteriosus and a diminishing left-to-right 
shunt. In full-term infants, RI may also change over the 
first few days of life.2 In a study of 476 normal newborns 
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FIGURE 48-8. Determination of mean blood flow 
velocity. Angle-corrected Doppler tracing obtained from the 
middle cerebral artery. Cursors are placed at the beginning and 
end of a continuous Doppler tracing (arrows). The time-averaged 
mean blood flow velocity (TAV) is calculated by integrating all 
instantaneous mean blood flow velocities between both cursors. 
In this example, the TAV measured 0.12 cm/sec.
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TABLE 48-2. RANGE OF ARTERIAL 
BLOOD FLOW VELOCITIES IN  

FULL-TERM INFANTS*

ARTERY

PEAK 
SYSTOLIC 
VELOCITY 
(cm/sec)

END 
DIASTOLIC 
VELOCITY 
(cm/sec)

RESISTIVE 
INDEX

Internal carotid 12-80 3-20 0.5-0.8
Basilar 30-80 5-20 0.6-0.8
Middle cerebral 20-70 8-20 0.6-0.8
Anterior cerebral 12-35 6-20 0.6-0.8
Posterior cerebral 20-60 8-25 0.6-0.8

*Values modified from references 2 and 21 to 23.

FIGURE 48-9. Normal referred cardiac pulsations in veins. A, Low-amplitude pulsatility from referred cardiac pulsations 
in a Doppler tracing from terminal vein in a normal full-term infant. B, Normal, higher-amplitude and variable cardiac pulsations in 
transverse sinus in 37-week infant.
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Cardiac pulsations of variable amplitude are common in 
more central venous structures, such as the vein of Galen 
and the sagittal and transverse sinuses (Fig. 48-9). High-
amplitude or sawtooth patterns of pulsatility are not 
normal and may be seen in infants with elevated right-
sided heart pressures or tricuspid regurgitation 
(Fig. 48-10). Although respiratory changes are not 
usually observed during normal quiet respiration, marked 
changes in velocity can occur during forceful crying as 
a result of rapid changes in intrathoracic pressure.8,25,26 

Table 48-3 provides ranges for mean blood flow veloci-
ties in several intracranial veins and sinuses.

INTENSIVE CARE THERAPIES AND 
CEREBRAL HEMODYNAMICS

Mechanical Ventilation

Cerebral hemodynamics can be greatly affected by 
mechanical ventilation. Changes in venous return to the 
heart caused by breathing out of synchrony with the 
ventilator may result in significant beat-to-beat variabil-
ity in arterial waveforms.27

Similarly, high peak inspiratory pressures can 
impede venous return to the heart and result in reversal 
of flow in the intracranial veins. Treatment with  
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FIGURE 48-10. Exaggerated venous pulsations 
from tricuspid regurgitation. Doppler tracing from 
transverse sinus shows an abnormal sawtooth pattern of flow 
caused by referred right atrial pulsations.
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FIGURE 48-11. Effect of high-frequency ventilation on arterial and venous hemodynamics. A, Anterior cerebral 
artery; B, vein of Galen. Pulsed wave Doppler tracings in a premature infant receiving high-frequency ventilation shows superimposed 
15-Hz oscillations in flow.

A B

.03

.03
VOG

.60

m/s

.20

.30

m/s

.30

∆V = .008
∆T = 2.57
ACCL = .003
TAV = –.035

TABLE 48-3. MEAN VENOUS  
BLOOD FLOW VELOCITIES IN  

FULL-TERM NEWBORNS

VESSEL MEAN TAV* (cm/sec)

Terminal veins 3.0 ± 0.3
Internal cerebral veins 3.3 ± 0.3
Vein of Galen 4.3 ± 0.7
Straight sinus 5.9 ± 1.0
Superior sagittal sinus 9.2 ± 1.1
Inferior sagittal sinus 3.5 ± 0.3

*Time-averaged mean blood flow velocity (±standard error of the mean).

Values modified from Taylor GA. Intracranial venous system in the newborn: 
evaluation of normal anatomy and flow characteristics with color Doppler 
ultrasound. Radiology 1992;183:449-452.

high-frequency ventilation exerts its effects on both 
arterial and venous hemodynamics in the form of short-
amplitude oscillations at approximately 15 cycles per 
second9,28 (Fig. 48-11). Endotracheal suctioning has 
been associated with marked increases in mean arterial 
blood pressure and arterial blood flow velocities in pre-
mature infants and has been attributed to the relative 

pressure-passive cerebral circulation (lack of autoregula-
tion) in these patients.29 Treatment with inhaled nitric 
oxide has also been reported to decrease cerebral blood 
flow velocities in newborns with pulmonary hyperten-
sion who experience an acute improvement in pulmonary 
hemodynamics and gas exchange at the onset of therapy.30

Extracorporeal Membrane 
Oxygenation

Extracorporeal membrane oxygenation (ECMO) may be 
used for the treatment of infants with severe respiratory 
failure who have not responded to maximal conventional 
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FIGURE 48-12. Absent arterial pulsatility during 
extracorporeal membrane oxygenation (ECMO). 
Continuous nonpulsatile flow on pulsed wave Doppler tracing 
from the anterior cerebral artery in an infant with congenital heart 
disease and severe cardiac dysfunction.
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FIGURE 48-13. Collateral flow through circle of 
Willis during ECMO. Left axial scan shows antegrade flow in 
left middle cerebral artery (1) and A1 segment, left anterior cere-
bral artery (2). Flow to right middle cerebral artery (5) is by ret-
rograde flow through A1 segment, right anterior cerebral artery 
(4), and anterior communicating artery (3). Compare with normal 
appearance in Figure 48-3. (From Taylor GA: Current concepts in 
neonatal cranial Doppler sonography. Ultrasound Q 1992;4:223- 
244.)
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ventilatory support. ECMO is also used for postopera-
tive support in patients with temporary cardiac failure 
after surgical repair of congenital heart lesions. During 
venoarterial ECMO, infants undergo cannulation and 
ligation of the right common carotid artery and jugular 
vein for vascular access and are placed on nonpulsatile 
partial cardiopulmonary bypass. This results in signi-
ficant alterations in intracranial hemodynamics31,32 
(Fig. 48-12). As the amount of flow through the ECMO 
bypass circuit increases, arterial pulsatility decreases pro-
portionately and may disappear altogether, especially in 
association with severe cardiac dysfunction.33 During 
bypass, flow to the right middle cerebral artery is typi-
cally achieved by shunting blood from the left internal 
carotid and A1 segment of the anterior cerebral artery 
across the anterior communicating artery. Flow then 
proceeds in retrograde fashion along the left A1 segment 
to the left middle cerebral artery4 (Fig. 48-13).

Alterations in venous drainage may also occur during 
ECMO bypass as a result of jugular vein ligation and 
may be associated with altered hemodynamics in the 
right middle cerebral artery and a higher overall risk of 
hemorrhagic infarction30,34 (Fig. 48-14).

DIFFUSE NEURONAL INJURY

Asphyxia

The hemodynamic changes associated with asphyxia 
depend on the severity of the insult, ongoing hypercap-
nia and hypoxemia, and the time from injury. Infants 
with mild degrees of asphyxia will have normal cerebral 
hemodynamics throughout the event. In the setting of 

severe or prolonged asphyxia, tissue hypoxic injury 
results in the excessive release or diminished reuptake of 
endogenous excitatory amino acids, such as glutamate 
and aspartate. This in turn results in the production of 
intracellular nitric oxide and subsequent cerebral vasodi-
lation.35 As a consequence, increased mean blood flow 
velocities and decreased arterial pulsatility may be 
seen on spectral Doppler imaging after the first 12 hours 
of life and lasting several days after the initial insult36,37 
(Fig. 48-15). This reflects the impaired autoregulation 
and elevated cerebral blood flow associated with diffuse 
hypoxic brain injury. In asphyxiated infants, an extremely 
low RI (<60) in the first few days of life is associated 
with severe subsequent neurodevelopmental delay.38 Per-
sistent hypoxia or hypercapnia will also contribute to 
generalized vasodilation and abnormal Doppler spectra, 
and fluctuation of systolic velocities may be caused by 
asphyxia-related cardiac ischemia.39,40

Cerebral Edema

Cerebral edema often accompanies hypoxic-ischemic 
brain injury. Edema begins during the course of hypoxia-
ischemia and appears to be related to the formation  
of idiogenic osmoles (H+ ions and lactate) within 
cells, combined with cellular energy failure and loss of 
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This represents nonviable brain blood flow42 (Fig. 
48-16). Although absence of intracranial flow by Doppler 
techniques is a reliable sign of absent cortical function, 
the presence of flow does not guarantee functional integ-
rity, and brain death may be seen in the presence of 
preserved intracranial blood flow.43,44

INTRACRANIAL HEMORRHAGE 
AND STROKE

The periventricular white matter is drained primarily by 
the medullary veins into the terminal and internal cere-
bral veins. Obstruction of these small veins by germinal 
matrix hemorrhage (GMH) and subsequent venous 
hypertension may play an important role in the patho-
genesis of periventricular hemorrhagic infarction in the 
preterm infant.45,46 Color flow Doppler imaging may be 
used to show initial displacement, gradual encasement, 
and obstruction of the terminal veins by an enlarging 
GMH (Fig. 48-17). In one study, displacement or occlu-
sion of the terminal vein could be demonstrated in 50% 
of GMHs and in 92% of periventricular white matter 
hemorrhages.47 This finding may be useful in the early 
prediction of infants at risk for worsening intracranial 
hemorrhage.

Not all cerebral infarcts show alterations in regional 
blood flow. However, decreased arterial pulsations, 
increased size and number of visible vessels, and increased 
mean blood flow velocities can be demonstrated in  
the tissues surrounding larger cerebral infarcts48,49 
(Fig. 48-18). This pattern of vasodilation has been well 
described on computed tomography (CT) and angiog-

transcellular ionic gradients. The more severe the brain 
injury, the more extensive and prolonged is the associated 
edema.41 As cerebral edema worsens, cerebrovascular 
resistance increases, resulting in dampening of diastolic 
blood flow velocities. Pulsed wave Doppler imaging typi-
cally shows progressive elevation of the RI and reversal 
of diastolic flow in the intracranial arteries.40,42

Brain Death

Eventually, flow during systole becomes diminished and 
present only during a brief portion of the cardiac cycle. 

FIGURE 48-14. Partial venous obstruction during ECMO. A, Posteriorly angled coronal scan shows dilated sinus confluence 
(arrow). B, Flow only detectable during augmentation by gentle compression and release of left internal jugular vein. Infant developed 
signs of superior vena cava obstruction on day 3 of ECMO. (From Taylor GA, Walker LK: Intracranial venous system in newborns treated 
with extracorporeal membrane oxygenation: Doppler US evaluation after ligation of the right jugular vein. Radiology 1992;183:452-456.)
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FIGURE 48-15. Severe perinatal asphyxia. Middle 
cerebral artery Doppler shows elevated flow during diastole and a 
reduced pulsatility of flow (RI, 54).
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dilation, and the RI may be well within the normal 
range. Doppler examination of the anterior or middle 
cerebral artery during fontanelle compression may be 
useful in the early identification of infants with abnormal 
intracranial compliance before development of increased 
ICP, as shown by elevated baseline RI.53

Taylor and Madsen54 directly measured changes in 
ICP and intracranial RI before and after ventricular 
drainage procedures.55 These studies showed that the 
change in RI during fontanelle compression is a strong 
predictor of ICP and can help predict the need for shunt 
placement. This technique has also been used success-
fully to evaluate intracranial compliance in young chil-
dren with craniosynostosis before surgical repair.56

According to the Monro-Kellie hypothesis, the volume 
of brain, cerebrospinal fluid (CSF), blood, and other 

raphy and is thought to be caused by the uncoupling of 
cerebral blood flow from local metabolic demands and 
is known as luxury perfusion.50,51

HYDROCEPHALUS

As the intracranial pressure (ICP) rises, arterial flow 
tends to be more affected during diastole than during 
systole, resulting in an elevated pulsatility of flow. Seibert 
et al.13 showed that increasing RI correlates well with 
intracranial pressure elevation in an animal model of 
acute hydroce phalus. Also, a significant decrease in pul-
satility follows ventricular tapping and shunting in 
infants with hydrocephalus.13,52 However, elevated ICP 
may not always be present in infants with ventricular 

FIGURE 48-16. Brain death. Nonviable brain blood flow in an infant with diffuse cerebral edema. A, Pulsed wave Doppler 
tracing from anterior cerebral artery shows very low flow velocities during peak systole and absence of flow during diastole. B, Coronal 
color Doppler scan shows flow only in extracranial portion of left internal carotid artery (arrow). C, Pulsed Doppler of superior sagittal 
sinus with low-velocity settings shows no venous flow.
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transient increase in ICP and an acute increase in arte-
rial pulsatility (Fig. 48-19). Serial examinations using 
this technique can follow an individual infant’s ability to 
compensate for minor changes in intracranial volume, 
providing a noninvasive, indirect measure of intracranial 
compliance58 (Fig. 48-20).

Color flow Doppler techniques may also be helpful in 
evaluating CSF dynamics in these infants. Winkler59 
showed that Doppler examination of the ventricular 
system during cranial or abdominal compression may 
induce CSF movement that is detectable with color flow 
or duplex Doppler imaging.59 These dynamic techniques 
can be used to demonstrate obstruction at the foramina 
of Monro and aqueduct of Sylvius (Fig. 48-21).

intracranial components is constant.57 During graded 
fontanelle compression in normal infants, CSF or blood 
can be readily displaced to compensate for the small 
increase in volume delivered by compression of the ante-
rior fontanelle, causing no increase in ICP. In infants 
with hydrocephalus, however, the increase in intracranial 
volume with fontanelle compression is translated into a 

FIGURE 48-17. Grade IV intracranial hemorrhage 
with obstruction of terminal vein. Flow in left subep-
endymal vein (curved arrow) is obliterated by hematoma. Flow in 
normal right subependymal vein (straight arrow) is shown.

FIGURE 48-18. Left middle cerebral artery infarct 
with luxury perfusion in full-term infant. Coronal 
amplitude-mode Doppler image shows greatly increased blood 
flow to infarcted, echogenic area (arrows), consistent with luxury 
perfusion. Note transfalcine herniation of left hemisphere.

FIGURE 48-19. Effect of increased fontanelle pres-
sure on RI in infant with hydrocephalus. Pulsed wave 
Doppler tracing of the anterior cerebral artery with transducer held 
lightly over anterior fontanelle (No comp) shows an RI of 0.69. 
Repeat tracing obtained a few seconds later with transducer firmly 
held over fontanelle (Comp). RI has increased to 0.99, indicating 
abnormal intracranial compliance. Comp, compression.
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FIGURE 48-20. Shunted hydrocephalus less sensi-
tive to pressure effects on fontanelle. Graph of serial 
resistive index (RI) determinations in an infant with hydrocepha-
lus before and after shunt shows greatly diminished hemodynamic 
response to fontanelle compression after ventricular drainage. 
Note similar RI without fontanelle compression.
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characterizing the degree of intratumoral vascularity and 
in identifying its vascular supply64 (Fig. 48-23).

NEAR-FIELD STRUCTURES

Differentiation of Subarachnoid 
from Subdural Fluid Collections

Color flow Doppler ultrasound using high-frequency 
linear transducers can be used to characterize extracere-
bral fluid collections as subarachnoid, subdural, or 
combined. Because superficial cortical blood vessels lie 
within the pia-arachnoid, fluid in this subarachnoid 
space surrounds and lifts the cortical vessels away from 
the brain surface (Fig. 48-24). Fluid in the subdural 
space pushes cortical vessels toward the brain surface and 
is separated from these vessels by a thin membrane (Fig. 
48-25). Correlation with magnetic resonance imaging 
and CT suggests that color flow Doppler imaging is reli-
able in making this differentiation.65 However, cortical 
veins drain into the superior sagittal sinus through emis-
sary veins that course through the extra-axial spaces and 
can be mistaken for vessels in the subarachnoid space.66

Venous Thrombosis

Thrombosis of the intracranial venous sinuses occurs  
in the neonate as the result of dehydration and as a 

VASCULAR MALFORMATIONS

Vein of Galen malformation is the most common 
intracranial vascular malformation presenting in the neo-
natal period. Color flow Doppler imaging is useful in 
detecting these lesions and in distinguishing the two 
most common types.60 The choroidal type is character-
ized by multiple abnormal feeding vessels arising in the 
midbrain, with venous drainage by an aneurysmally 
dilated vein of Galen and straight sinus (Fig. 48-22). The 
infundibular type is an arteriovenous fistula with one 
or few arterial feeders draining directly into the vein of 
Galen. Spectral Doppler imaging typically shows arteri-
alization of venous flow and increased flow velocities, 
with reduced pulsatility of the arterial feeders. Blood 
flow in the more peripheral portions of brain may show 
diminished or absent flow as a result of a “vascular steal” 
phenomenon away from the normal cerebral circulation 
through the low-resistance malformation.61 Color flow 
Doppler imaging can also been used to monitor and 
quantify the hemodynamic effects of interventional pro-
cedures, such as transcatheter embolization.62

INTRACRANIAL TUMORS

Neonatal intracranial tumors are uncommon, and expe-
rience with Doppler characterization of these lesions  
is limited.63 Doppler sonography may be helpful in 

FIGURE 48-21. Evaluation of aqueductal patency. Angled axial power Doppler sonogram turned 90 degrees for ease of 
visualization. A, Extraventricular obstructive “communicating” hydrocephalus. Patent aqueduct of Sylvius shows color signal (arrows) 
in the third ventricle caused by normal retrograde flow of cerebrospinal fluid from the fourth ventricle obtained immediately after manual 
compression and rapid release of fontanelle. B, Intraventricular hemorrhage causing hydrocephalus. Clot obstructs the outlet of third 
ventricle (arrow) and allows no retrograde flow during rapid release of fontanelle compression.
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FIGURE 48-22. Vein of Galen aneurysm, choroidal type. A and B, Sagittal, and C, coronal, color flow Doppler images 
show large vein of Galen aneurysm (V) and dilated pericallosal artery (arrow). D, Pulsed wave Doppler tracing of the basilar artery shows 
greatly elevated flow velocities with dampened pulsatility. E, Axial time-of-flight magnetic resonance angiography confirms findings.
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FIGURE 48-23. Choroid plexus papilloma in 6-week-old infant. A, Angled sagittal, and B, coronal, color amplitude 
(power) Doppler images show increased tumor vascularity within the echogenic mass, with arterial supply arising from a branch of the 
basilar artery (arrow).

A B

FIGURE 48-24. Subdural and subarachnoid effusions. A, Magnified coronal color Doppler image of interhemispheric fissure 
in 2-week infant. Large bilateral echogenic subdural effusions from meningitis compress the superficial cortical vessels onto the cortical 
surface. B, Coronal color Doppler image of interhemispheric fissure in 1-month-old infant. Large left and small right hypoechoic chronic 
subdural hematomas from nonaccidental trauma lie above the echogenic subarachnoid fluid. The cortical surface is compressed by the 
echogenic subarachnoid fluid, which surrounds superficial cortical vessels (arrows) separated from the relatively lucent subdural fluid by 
echogenic and thickened pia-arachnoid (arrowheads). Note the echogenic subcortical white matter and superior sagittal sinus.
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FIGURE 48-25. Large subdural effusion. After ventriculo-
peritoneal shunt placement in 3-week-old infant with holoprosen-
cephaly. Coronal power Doppler image shows cortical vessels 
compressed against brain surface (arrows) and single emissary vein 
within subdural fluid (arrowhead).
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CONTRAST ENHANCEMENT

Duplex Doppler sonography with color flow imaging 
through the anterior fontanelle is simple and has proved 
useful in evaluating abnormalities of cerebral blood flow 
in the neonate and young child.1-4 Once the fontanelle 
closes, transcranial Doppler (TCD) sonography can still 
be performed noninvasively using a 2 to 2.5–MHz 
pulsed wave Doppler transducer through the thin tem-
poral bone, the orbits, or the foramen magnum. This 
technique, introduced by Aaslid5 in the early 1980s, can 
be used to measure the velocity and pulsatility of blood 
flow within the intracranial arteries of the circle of Willis 
and the vertebrobasilar system. TCD sonography has 
become essential in the management of children with 
sickle cell anemia and has proved to be a valuable adjunct 
in the evaluation of various intracranial pathologies in 
children, including vasospasm, vascular malformations, 
and brain death, as well as the assessment of cerebral 
hemodynamics after trauma, migraine, and stroke.

Two types of TCD sonographic equipment are cur-
rently available: nonimaging (TCD) and imaging 
(TCDI). Continuous wave and nonimaging pulsed wave 
Doppler techniques insonate specific vessels using strict 
criteria for vessel identification based on the depth and 
direction of flow for intracranial vessels through the tem-
poral bone.6,7 This blinded technique requires meticu-
lous skill and ability to maintain the mental image of the 
circle of Willis. Advantages include the small, portable 
size of units designed specifically for TCD sonography, 
the low price, Doppler sensitivity, and superior window 
maneuverability with small transducer size. Limitations 
include the need for intensive training, difficulty in 
finding vessels, and lack of units available in radiology 
departments. The development of duplex Doppler 

sonography with color imaging using 2 to 2.5–MHz 
transducers has increased the utility of TCD sonography 
using the transtemporal approach. Advantages of this 
technique include quick vessel identification, a shorter 
learning curve, and availability of units in most radiology 
departments. This technique allows positive vessel iden-
tification, resulting in easier, more reliable and repro-
ducible information.8-10 With training and experience, 
both techniques are reliable and reproducible between 
operators.11,12

SONOGRAPHIC TECHNIQUE

The anterior fontanelle typically remains open through 
the first year of life. Once closed, three cranial windows 
(in addition to burr holes and surgical defects) can be 
used routinely to insonate the intracranial circulation: 
the temporal bone, orbit, and foramen magnum.13 
The transtemporal approach is through the thin supra-
zygomatic portion of the temporal bone using a 2 to 
2.5–MHz transducer. The transtemporal window is 
usually found on the temporal bone cephalad to the 
zygomatic arch and anterior to the ear. The intracranial 
anatomic landmark in this plane is the heart-shaped 
cerebral peduncles (Fig. 49-1, A). Just anterior to the 
peduncles is the star-shaped, echogenic interpeduncular 
or suprasellar cistern. Anteriorly and laterally from this 
basilar cistern lies the echogenic fissure for the middle 
cerebral artery (MCA). Color Doppler sonographic 
imaging (Fig. 49-1, B) and spectral analysis (Figs. 49-1, 
C, and 49-2, A) of this vessel will show flow toward the 
transducer. Insonating the vessel deeper toward the 
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transducer (Fig. 49-2, D). The posterior cerebral artery 
(PCA) can be visualized as it circles around the cerebral 
peduncles. Flow in this vessel may be away or toward the 
transducer (Fig. 49-2, E ). At times, the MCA, the ACA, 
and the PCA on the opposite side may also be 
evaluated.

The vertebral and basilar arteries can be studied 
through the foramen magnum with a 2-MHz trans-
ducer. The patient lies on one side or prone, and the 
head is bowed slightly so the chin touches the chest, 
causing a gap between the cranium and the atlas to 
enlarge. The transducer is placed midline in the nape of 
the neck and angled through the foramen magnum 

midline directs the operator into the bifurcation of the 
A1 segment of the anterior cerebral artery (ACA) and 
the MCA. Spectral analysis at this bifurcation landmark 
will show bidirectional flow—flow toward the trans-
ducer in the MCA and flow in the ACA away from the 
transducer (Fig. 49-2, B). As the cursor is moved more 
medial anteriorly, flow is seen entirely in the ACA away 
from the transducer (Fig. 49-2, C ). The MCA should 
be studied from its most peripheral location to the point 
of bifurcation, and the ACA studied as medially as pos-
sible. The distal internal cerebral artery (ICA) is infe-
rior to the bifurcation. The flow may be dampened from  
the angle of insonation, with flow directed toward the 

A

C

B

Left MCA

FIGURE 49-1. Temporal window. A, Transtemporal tran-
scranial Doppler (TCD) sonogram with normal landmarks. Note 
the heart-shaped cerebral peduncles with the echogenic suprasellar 
cistern. Anteriorly and laterally from this basilar cistern is the 
echogenic fissure for the middle cerebral artery (MCA, arrow). B, 
Transtemporal color flow Doppler sonogram shows the circle of 
Willis anterior to the landmark of the heart-shaped cerebral 
peduncles. Flow directed toward the transducer (red) is the MCA 
in the middle cerebral fissure just anterior to the cerebral pedun-
cles. Flow in the anterior cerebral artery (ACA) on that side (blue) 
is away from the transducer (cursor). Flow is also seen in the MCA 
on the opposite side (blue) as it courses away from the transducer. 
C, Normal spectral Doppler ultrasound waveform in the right 
MCA with flow directed toward transducer. The posterior cerebral 
arteries are coursing around the cerebral peduncles.
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A B

C D

E

FIGURE 49-2. Normal transtemporal color flow 
Doppler waveforms. A, Left middle cerebral artery (MCA) 
shows flow directed toward the transducer. B, Bifurcation of 
MCA and anterior cerebral artery (ACA) with flow toward 
transducer in MCA and away from transducer in the ACA.  
C, ACA with flow away from transducer. D, Angled inferiorly 
to the bifurcation, a short segment of the distal internal cerebral 
artery (DICA) is insonated with flow directed toward the trans-
ducer. E, Posterior cerebral artery (PCA) with flow directed 
toward the transducer.
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vessels. ACA and PCA velocities are more variable 
because of their tortuous course.

An index of pulsatility, either the Gosling pulsatility 
index (PI) (systolic velocity minus diastolic velocity 
divided by mean velocity) or Pourcelot resistive index 
(RI) (systolic velocity minus diastolic velocity divided by 
systolic velocity), can also be measured. Both these pul-
satility indices, either the RI or the PI, are ratios that 
minimize the effect of vessel angulation. Because the RI 
is a ratio, it may be expressed as a whole number (50), 
representing a percentage (%), or as a fraction (0.5).

Age-dependent reference values are available for veloc-
ities and resistive indices of the various intracranial 
vessels. Normal mean velocity in the MCA in adults 
ranges from 50 to 80 cm/sec; in the ACA, 35 to 60 cm/
sec; in the PCA, 30 to 50 cm/sec; and in the basilar 
artery, 25 to 50 cm/sec. Peak systolic velocities up to 
150 cm/sec have been described in patients with sickle 
cell disease secondary to anemia.24,25 The velocity in the 
OA is normally about one-fourth the velocity in the 
MCA. The velocity in the PCA and vertebral and basilar 
arteries should be about one-half the velocity in the 
MCA. Normal RI after fontanelle closure should be 0.50 
to 0.59, except in the OA, which has a higher RI, usually 
0.70 to 0.79, and less diastolic flow because it supplies 
a muscular bed13 (see Fig. 49-3, B). An increase in dia-
stolic flow will result in a decrease in the RI, whereas a 
decrease in diastolic flow will result in an increase in the 
RI. As intracranial pressure increases above mean arterial 
pressure, diastolic flow may become reversed, demon-
strating an RI of greater than 1.26

ULTRASOUND DOSAGE:  
POWER SETTINGS

The American Institute of Ultrasound and Medicine 
(AIUM) and the federal guidelines of the spatial peak, 
temporal average intensity (ISPTA) for the pediatric head 
should not exceed 94 mW/cm2. For evaluating vessels in 
the eye, the limit is 17 mW/cm2.27 The power settings 
of transducers of various manufacturers are different for 
each piece of equipment and each probe.28 Depending 
on the manufacturer and transducer, energy levels may 
be within the guidelines only on the low power setting. 
However, when the transtemporal approach is used, at 
least 65% (and likely more) of the energy is attenuated 
by the skull. These higher settings may therefore be used 
in the transtemporal approach, but should not be 
exceeded when insonating the eye or foramen magnum.29

PITFALLS IN DOPPLER 
INVESTIGATIONS

There are numerous pitfalls when performing a TCD 
sonographic examination in children.12,30,31 Low wall 
filter adjustments, high Doppler ultrasound frequency, 

toward the eye. The normal landmark is the rounded 
hypoechoic medulla just anterior to the echogenic clivus 
(Fig. 49-3, A). The vertebral arteries appear in a V-shaped 
manner as they rise to the medullopontine junction to 
form the basilar artery between the hypoechoic medulla-
pons junction and the echogenic clivus (Fig. 49-3, B). 
From this posterior view, flow in the vertebral and basilar 
arteries should be directed away from the transducer 
(Fig. 49-3, C and D).

The ophthalmic artery (OA) is evaluated through 
the orbit with the eyes closed using a 3-, 5-, or 7.5-MHz 
transducer on its lowest power setting (Fig. 49-4). Flow 
in the OA should be toward the transducer. The oph-
thalmic artery enters the optic foramen to lie lateral and 
slightly inferior to the optic nerve. It then usually crosses 
superior to the optic nerve and proceeds anteriorly on the 
medial side of the orbit. The central retinal artery branch 
of the OA is the easiest branch interrogated by color flow 
Doppler imaging, just posterior to the retina. Because 
visualization of this central retinal artery entails directing 
sound waves through the lens, the lowest power setting 
must be used. U.S. Food and Drug Administration 
(FDA) guidelines suggest limiting spatial peak temporal 
average (SPTA) to 17 mW/cm2 for orbital imaging.14,15 
However, a large OA branch proceeds along the nasal or 
medial wall of the orbit. Because interrogating this vessel 
does not involve directing the sound beam through the 
lens, a higher power setting may be used for this branch.

On spectral analysis of the waveform, the maximum, 
minimum, and mean velocities including time average 
mean of the maximum velocity (TAMMX), sometimes 
called the time average peak velocity (TAP), can be 
measured in centimeters per second. At least two read-
ings should be made for each vessel. The highest velocity 
obtained may be taken as the truest velocity, because it 
is believed to be the velocity obtained at the best insonat-
ing angle to the vessel.16

Angle correction cannot be performed with the non-
imaging technique. Although angle correction is possible 
with the imaging technique because of visualization of 
the vessel course, published velocities typically have not 
been angle-corrected. Thus, it is important to remember 
that angle-corrected velocity measurements obtained 
with the imaging technique may be more accurate than 
non-angle-corrected velocity measurements. In clinical 
applications such as assessing stroke risk in children with 
sickle cell anemia, guidelines regarding normal versus 
abnormal/conditional velocities were validated in large 
clinical trials using nonduplex equipment that were not 
angle-corrected.17-21 Angle correction can significantly 
increase velocities in vessels that are not coursing directly 
toward the transducer.22 While angle correction has been 
suggested as a way to correct for variations between the 
imaging and nonimaging examination, the lack of pub-
lished data for angle-corrected velocities currently limits 
this approach.11,12,23 Because the MCA, ACA, and OA 
usually course almost directly toward or away from the 
transducer, angle correction is less of an issue in these 
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FIGURE 49-3. Occipital view through foramen magnum. A, Normal landmark in the foramen magnum view shows 
rounded medulla just anterior to the very echogenic clivus (arrow). B, With color flow Doppler imaging, the V-shaped vertebral arteries 
(blue) join to form the basilar artery at the medulla-pons junction. Cursor is on the left vertebral artery. C and D, Spectral Doppler 
ultrasound waveforms in the basilar artery show flow away from the transducer.
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FIGURE 49-4. Normal transcranial Doppler (TCD) sonography through eye. A, Color flow Doppler sonogram visual-
izing the ophthalmic artery (OA) posterior to the globe with flow directed toward the transducer (red). B, Normal waveform of OA with 
0.75 resistive index (RI).
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In these cases, blood flow velocity increases because of a 
decrease in the luminal cross-sectional area of the affected 
vessels. Thus, TCD can be used to guide optimal timing 
of therapy and is useful in following the effects of thera-
pies (Fig. 49-5). When a hemodynamically significant 
vasospasm of clinical concern is suggested, emergency 
cerebral angiography with balloon dilation angioplasty 
or intra-arterial infusion of vasodilating agents may  
be helpful.36 Serial TCD studies showing reduction in 
velocities indicate the appropriate time to withdraw 
therapy, minimizing complications and shortening 
intensive care unit stay. TCD is most accurate in predict-
ing vasospasm of the MCA. TCD cannot be used to 
assess the ACA beyond its A1 segment and is limited in 
the evaluation of the distal branches of the MCA.

Mean MCA velocities of 100 to 140 cm/sec correlate 
with mild vasospasm demonstrated by angiography. 
Moderate vasospasm is defined as velocities of 140 to 
200 cm/sec, and severe vasospasm, greater than 200 cm/
sec. A steep increase (>25 cm/sec/day) in velocity in the 
first few days after subarachnoid hemorrhage is associ-
ated with a worse prognosis. Sources of error in the 
detection of vasospasm by TCD sonography (vs. arteri-
ography) include missing peripheral vasospasm, presence 
of increased intracranial pressure (ICP), and low 
volume flow.7 Thus, TCD values should always be com-
bined with clinical and laboratory data.37,38

Migraine Headaches

Adults with vascular headaches have been evaluated  
by TCD ultrasound.7 Thie et al.39 found a significant 
increase in mean velocity in migraine patients compared 
to controls during headache-free periods. Patients with 
common migraines had decreased intracranial velocities 

and critical assessment of velocity spectral analysis are 
crucial for accurate interpretation of the data.10 Although 
the clinician can assume a patent circle of Willis in chil-
dren, one artery should not be used to represent the 
entire cerebral circulation.

INDICATIONS FOR 
TRANSCRANIAL SONOGRAPHIC 
DOPPLER IMAGING

Vasospasm

In adults, TCD ultrasound has proved to be valuable in 
diagnosing vasospasm that may occur after subarachnoid 
hemorrhage secondary to rupture of an intracranial 
aneurysm or other pathology.32,33 Patients with persistent 
severe vasospasm may develop permanent deficits from 
cerebral infarction. The vasospasm typically develops in 
the first 2 days after the hemorrhage, gradually increases 
for a week, then peaking between 11 and 17 days before 
gradually decreasing. TCD sonography has become an 
important tool in detecting vasospasm before the patient 
develops ischemic neurologic deficits or infarct and is 
highly specific in diagnosing vasospasm (98%-100%).34,35 

TRANSCRANIAL DOPPLER 
SONOGRAPHY IN ADULTS

ESTABLISHED INDICATIONS
Detection of severe (>65%) stenosis in a major 

basal intracranial artery.
Evaluation of patterns and extent of collateral 

circulation in patients with known severe stenosis 
(occlusion).

Evaluation and follow-up of patients with 
vasospasm or vasoconstriction, especially after 
subarachnoid hemorrhage.

Detection of arteriovenous malformations and 
posttreatment evaluation.

Confirmation of the clinical diagnosis of brain 
death.

POTENTIAL APPLICATIONS
Monitoring of patients during cerebral 

endarterectomy, cardiopulmonary bypass, and 
other cerebrovascular or cardiovascular 
interventional and surgical procedures.

Evaluation of patients with dilated vasculopathies, 
such as fusiform aneurysms.

Assessment of autoregulation and the physiologic 
and pharmacologic responses of the cerebral 
arteries.

Evaluation of patients with migraine headaches.
Enhancement of thrombolytic activity of certain 

drugs.

INDICATIONS FOR TRANSCRANIAL 
DOPPLER SONOGRAPHY IN CHILDREN

Evaluation of children with various vasculopathies, 
such as sickle cell disease and moyamoya.

Evaluation of children with arteriovenous 
malformations.

Follow-up of children with hydrocephalus and 
subdural effusions.

Evaluation of children with asphyxia, cerebral 
edema, and their treatment, including 
hyperventilation therapy.

Confirmation of the diagnosis of clinical brain 
death.

Monitoring of children during cerebrovascular and 
cardiovascular interventional and surgical 
procedures.
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Sleep Apnea

Several studies have demonstrated changes in MCA 
velocities in children with sleep-disordered breathing 
(SDB) a spectrum of upper airway obstruction ranging 
from primary snoring to obstructive sleep apnea. Increases 
in MCA blood flow velocity have been documented in 
children with mild SDB.42 An association between noc-
turnal oxyhemoglobin desaturation and central nervous 
system event risk in sickle cell disease has been described 
as well.43 In a group of children with sleep-disordered 
breathing followed after adenotonsillectomy, MCA 
velocities decreased (suggesting a normalization of MCA 

and increased pulsatility during headache attacks, 
whereas symptomatic patients with classic migraines 
demonstrated an increase in velocities and a decrease in 
pulsatility.40 Thus, TCD sonography may assist in the 
differential diagnosis of headaches of unknown etiology 
and could prove useful in therapeutic interventions.

Some headaches caused by increased ICP may dem-
onstrate abnormal pulsatility. Wang et al.41 evaluated the 
utility of TCD sonography in pediatric headache. In 
children with isolated headaches, TCD sensitivity and 
specificity in detecting intracranial lesions was 75% and 
99.7%, respectively.

FIGURE 49-5. Vasospasm with aneurysm. A, Ten-year-old boy presents with acute headache. Magnetic resonance angiography 
(MRA) demonstrates narrow supraclinoid carotid, narrow A1 segment, and small left bifurcation aneurysm (arrow). B, After clipping of 
aneurysm, susceptibility metal artifact limits MRA evaluation of the left proximal M1 segment. C, On day 15, transcranial Doppler (TCD) 
sonography demonstrates an increase in mean velocities to 144 cm/sec, consistent with moderate vasospasm. Patient did well after medical 
management.
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velo cities) with a resultant increase in mean overnight 
oxyhemoglobin saturation postoperatively. These chil-
dren demonstrated an improvement in processing speed 
and visual attention postoperatively as well.44

Hydrocephalus

The ability to differentiate between ventriculomegaly 
and hydrocephalus (increasing ventriculomegaly and 
increasing intracranial pressure [ICP]) can be difficult. 
When hydrocephalus develops, ICP increases, resulting 
in a decrease in diastolic flow. Stable ventriculomegaly 
should have normal pulsatility, thus an elevated RI in 
cases where ventricular size is increased may imply the 
need for a shunt. Hill and Volpe45 first described a decrease 
in diastolic/systolic flow ratio in 11 hydrocephalic infants. 
Because of its noninvasive and repeatable nature, Doppler 
sonography has been increasingly used to assess changes 
in cerebral hemodynamics in hydrocephalus through the 
anterior fontanelle in infants and transcranially through 
the temporal bone in older children.4,46,47 There is agree-
ment that a direct correlation exists between the ICP 
(from experimental fontanometric and direct measure-
ment evidence) and the RI. The increasing RI has been 
predominantly caused by a reduction in the end diastolic 
velocity.47,48 The two pulsatility indices most often applied 
in hydrocephalic patients have been the Pourcelot Resis-
tive Index and Gosling Pulsatility Index. Both ratios 
minimize the error in estimating true velocity caused  
by a varying angle of insonation. This is particularly 

TABLE 49-1. FACTORS THAT CHANGE CEREBRAL DOPPLER INDICES

RESISTIVE INDEX SYSTOLIC VELOCITY

Intracranial Abnormalities
Intracranial bleed Increased Beat-to-beat variation, risk factor for IVH
Periventricular leukomalacia Increased
Asphyxia Decreased initially
Brain edema Increased
Hydrocephalus Increased, reverses after drainage
Subdural Increased
Brain death Increased Decreased, reverse diastolic
ECMO Decreased
Vascular malformations Decreased Increased, turbulence

Extracranial Abnormalities
Pco2 Inverse relationship
Heart rate Inverse relationship
Shock Decreased systolic/diastolic
Patent ductus arteriosus Increased
Pneumothorax Increased
Cardiac ischemia Increased
Gastrointestinal bleed Increased
Polycythemia, hyperviscosity Increased Decreased
Anemia Increased

Drugs
Indomethacin Increased Decreased
Maternal cocaine Increased
Exogenous surfactant Increased

IVH, Intraventricular hemorrhage; ECMO, extracorporeal membrane oxygenation; PCO2, carbon dioxide partial pressure (tension).

important in hydrocephalus because vascular anatomy 
can be significantly distorted by ventricular enlargement, 
and a small angle of insonation cannot be assumed.49 Dif-
ficulties with using the RI to determine hydrocephalus 
have occurred because of two major issues, as follows50:
1. Many other intracranial and extracranial factors can 

change the RI other than increased ICP (Table 
49-1). Therefore the RI must be correlated closely 
with the clinical condition of the patient (e.g., 
Pco2, heart rate, presence of PDA).

2. There is a wide range of normal RI values: 0.65 to 
0.85 in the neonate; 0.60 to 0.70 in the child 
before fontanelle closure; and 0.50 to 0.60 in older 
children and adults through temporal window after 
fontanelle closure.13

Goh et al.47 used an RI of greater than 0.8 as a sign 
of increased ICP in the neonate and an RI of greater than 
0.65 in children. Because of varying normal values and 
overlapping normal and abnormal values, RI is most 
useful on an individual basis following a patient’s course 
to determine whether clinical changes and ventricular 
dilation are secondary to increased pressure or atrophy 
(Figs. 49-6 to 49-9).

Transcranial Doppler sonography has been useful for 
predicting shunt malfunction. Any increase in RI could 
be considered significant in terms of shunt malfunction. 
False-normal values may be the result of CSF fluid track-
ing along the shunt. Excessive thickness of the skull may 
prevent TCD ultrasound from being obtained success-
fully in some of these patients.51,52
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FIGURE 49-6. Shunt dysfunction in an 8-year-old. A, Computed tomography (CT) scan shows mildly dilated ventricles. 
B, TCD image through the temporal window shows an increased resistive index (RI) of 0.82 in the MCA. C, CT scan postshunt revision 
shows decrease in ventricular size. D, TCD image of the MCA demonstrates a decrease in RI to 0.47, now in the normal range (after age 
2 years with fontanelle closure, normal RI is 0.5). (From Seibert JJ, Glasier CM, Leithiser RE Jr, et al. Transcranial Doppler using standard 
duplex equipment in children. Ultrasound Q 1990;8:167-196.)
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FIGURE 49-7. Shunt malfunction in 
a 3-year-old child. A, Hydrocephalus with 
increasing signs of shunt malfunction. B, TCD 
sonogram through the temporal window shows 
an elevated RI of 0.7 in the middle cerebral 
artery. C, TCD postshunt revision shows a 
normal RI of 0.55.
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FIGURE 49-8. Atrophy. A, CT scan shows extra-axial fluid on the left and dilated ventricles in 9-year-old child with increasing 
seizure activity. B, Normal bifurcation landmark on Doppler imaging with flow toward the transducer in the middle cerebral artery (above 
the line) and flow away from the transducer in the anterior cerebral artery (below the line). The RI is 0.53, which is normal at age 9 years 
in this patient with atrophy. (From Seibert JJ, Glasier CM, Leithiser RE Jr, et al. Transcranial Doppler using standard duplex equipment in 
children. Ultrasound Q 1990;8:167-196.)
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higher-than-normal mean and peak systolic velocities, in 
conjunction with turbulence and lower-than-normal RIs 
(Fig. 49-10). TCD sonography can correctly diagnose 
arteriovenous malformation (AVM) with a sensitivity 
of 87% to 95%.45-56 Because magnetic resonance imaging 
(MRI) affords an even higher sensitivity than TCD 
ultrasound in diagnostic screening, Doppler imaging  
is used more often to quantitate the hemodynamics  
of AVMs and to monitor the effects of surgical or  

Vascular Malformations

Intracranial Doppler imaging is particularly useful  
for detecting vascular malformations in the unstable 
neonate.3,53 The vascular malformation may be imaged 
with color or power Doppler ultrasound. Spectral analy-
sis of the involved vessels will show high velocity, with 
low pressure and low pulsatility caused by increased  
diastolic flow. These hemodynamic qualities result in 

FIGURE 49-9. Atrophy. A, CT scan at age 7 years demonstrates a dysmorphic brain with a large amount of extra-axial fluid. 
B, Repeat CT scan at age 10 years for increasing seizures shows increasing ventricular dilation. C, TCD sonogram through temporal 
window shows a normal RI of 0.56, which is consistent with atrophy. (From Seibert JJ, Glasier CM, Leithiser RE Jr, et al. Transcranial 
Doppler using standard duplex equipment in children. Ultrasound Q 1990;8:167-196.)
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FIGURE 49-10. Arteriovenous malformation (AVM). A, Normal color flow Doppler image of the left middle cerebral artery 
(MCA). B, Increased number of vessels in the region of AVM at the right MCA. C, TCD spectral Doppler sonogram of left MCA shows 
normal maximum velocity of 112 cm/sec. D, Velocity on the right is increased, with a maximum velocity of 232 cm/sec. E and F, 
Anteroposterior and lateral views of an arteriogram in this teenager confirms the presence of a large AVM.
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endoluminal interventions.57 After surgical or embol-
ization treatment, the decrease in systolic velocity and 
increase in RI in the feeding arteries can be followed.

Transcranial Doppler ultrasound has also been used 
to assess other vascular anomalies, such as Sturge-Weber 
syndrome and dural arteriovenous fistulas.58,59 In a 
series of patients with Sturge-Weber syndrome, decreased 
arterial flow velocity and increased pulsatility index was 
noted on the affected side, suggesting chronic hypoper-
fusion of the tissue to that region.

Asphyxia

Transcranial Doppler sonography has been useful in the 
evaluation of hypoxic-ischemic brain injury. Asphyxia 
may result in impairment of cerebral autoregulation, 
producing an increase in diastolic blood flow and a 
decrease in cerebrovascular resistance.2 Intracranial 
Doppler imaging in the neonate has been particularly 
helpful in predicting significant hypoxic-ischemic brain 
injury.1,60-63 Archer et al.62 found 100% sensitivity of a 
low RI caused by increased diastolic flow in the ACA 
and MCA and an adverse neurologic outcome when 
performed within the first 48 hours of the insult in the 
neonate. Stark and Seibert60 reported 10 of 13 neonates 
with an initially low RI who later developed severe neu-
rodevelopmental handicaps. The finding of increased 
diastolic flow can also be useful in evaluating the older 
child after head injury or cardiac arrest to predict signifi-
cant cerebral injury before computed tomography (CT) 
findings (Fig. 49-11).

Cerebral Edema and 
Hyperventilation Therapy

Head trauma initiates several pathologic processes that 
may result in significant changes in cerebral hemodynam-
ics. Diagnosis of these abnormalities can be crucial for 
the appropriate management of such cases. After a sig-
nificant cerebral hypoxic insult, vasodilation may initially 
occur with a resultant increase in diastolic flow velocity 
and a reduced RI during this early hyperemic phase. As 
ICP increases, however, the diastolic flow velocity begins 
to decrease, and the systolic peak velocity becomes spiky.2 
As cerebral edema develops, there is further loss of 
forward diastolic flow, and RI increases.48 Continuous or 
intermittent sequential TCD readings after a cerebral 
insult have been helpful in evaluating the presence of 
edema and the course of treatment64 (Fig. 49-12).

Treatment for cerebral edema includes hyperventila-
tion. An inverse relationship exists between carbon 
dioxide partial pressure (Pco2) and the RI. The higher 
the Pco2, the greater the vasodilation, the greater the 
diastolic flow, and the lower is the RI. When the Pco2 
is reduced, vasoconstriction results, with decreased dia-
stolic flow and increased RI. Thus, CO2 reactivity can 
be measured using the RI. The cerebral blood flow 

increases 4% per mm Hg rise in Pco2.1,48,63,65 The absence 
of change in the RI as the patient’s hyperventilation is 
increased is described as an absent “CO2 reactivity test” 
and is a sign of severe brain injury.65 Because of this, RI 
can be used to monitor hyperventilation therapy in cere-
bral edema associated with head trauma.2,66 As hyperven-
tilation decreases the Pco2, the RI should increase with 
the concomitant vasoconstriction of cerebral vessels. The 
clinician must take into account, however, that increas-
ing cerebral edema will also increase the RI. Therefore, 
this measurement should be closely correlated with other 
clinical and laboratory findings. For example, hyperven-
tilation treatment in a patient who has an increasing RI 
in the face of no change in ICP suggests that the treat-
ment is causing too much cerebral vasoconstriction. In 
this scenario the patient may benefit from a decrease in 
the hyperventilation.

Brain Death

Establishing brain death can be problematic, and quick 
identification may be useful in the case of organ trans-
plant donation. Neurologic examination, electroenceph-
alography (EEG), brainstem-evoked potentials, and 
nuclear blood flow studies can be used at times to estab-
lish brain death. TCD sonography, another noninvasive 
tool, can be repeated as often as required and is portable, 
inexpensive, and easy to perform. For patients in pheno-
barbital coma in which EEG is not diagnostic, TCD 
ultrasound is particularly helpful in demonstrating the 
severity of cerebrovascular compromise.67-69

After a severe asphyxiating event, an initial drop in RI 
may be caused by vasodilation from loss of autoregula-
tion. As cerebral edema develops, there is loss of forward 
diastolic flow, followed by reversal of diastolic flow. This 
results in an increase in RI, eventually measuring greater 
than 1 as diastolic flow reverses. Cessation of cerebral 
blood flow then occurs at the microcirculation level. The 
larger vessels will distend, then constrict, and eventually 
thrombose or collapse. As ICP increases above mean 
arterial pressure, arrest of cerebral circulation results in 
a decrease in antegrade systolic velocity. Small, early 
systolic spikes and complete cessation of antegrade flow 
then develops. Eventually, no systolic or diastolic flow 
can be detected68,70 (Fig. 49-13).

SONOGRAPHIC CRITERIA FOR BRAIN 
DEATH AFTER FONTANELLE CLOSURE

• Sustained reversal of diastolic flow
• Small, early systolic spikes
• No flow in middle cerebral artery, with reversal 

of diastolic flow in extracranial internal cerebral 
artery

• Mean velocity in middle cerebral artery less than 
10 cm/sec for more than 30 minutes
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FIGURE 49-11. Asphyxia. A, One-year-old child after a respiratory arrest demonstrates mild cerebral edema on CT scan. B, However, 
the RI in the left posterior cerebral artery is abnormally low on spectral Doppler ultrasound evaluation, measuring 0.43, consistent with 
loss of autoregulation (normal range is 0.5 to 0.6). C, CT scan 2 days later shows severe cerebral edema. D, CT scan 1 month later shows 
marked atrophy.

A

B

C D



1670  PART V ■ Pediatric Sonography

A B

C D

E

R

FIGURE 49-12. Cerebral edema progressing to 
brain death in 11

2-year-old child with near-
drowning. A, CT scan shows diffuse cerebral edema. B, Spec-
tral Doppler sonographic evaluation shows an elevated RI of 0.82 
from middle cerebral artery (MCA). C, Spectral Doppler sono-
graphic evaluation of the MCA 2 days later shows that RI has 
decreased to a more normal range of 0.62 with treatment. D, 
However, MCA Doppler evaluation 4 days later shows decreased 
velocity and reversal of diastolic flow, with RI of 1.56, consistent 
with greatly diminished cerebral perfusion. E, 99mTc-DTPA brain 
scan at this time shows no cerebral perfusion, consistent with 
brain death. (From Seibert JJ. Doppler evaluation of cerebral circula-
tion. In Dieckmann RA, Fiser DHB, Selbst SM, editors. Illustrated 
textbook of pediatric emergency and critical care procedures. St 
Louis, 1997, Mosby–Year Book.)
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FIGURE 49-13. Brain death. Patterns of pediatric TCD spectral Doppler waveforms in impending brain death. A, Moderate reversal 
of diastolic flow, with elevated RI of 1.3. B, Significant reversal of diastolic flow (RI 1.9), with reversed diastolic velocity area almost equal 
to systolic velocity area. C and D, Brief systolic forward flow with diminished peak velocity. 

Continued
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cerebral blood flow in the adult and older child72,74 (Figs. 
49-14 and 49-15). In two independent studies of a total 
of 91 comatose patients, Petty et al.70 and Feri et al.75 
found a TCD waveform of absent or complete reversed 
diastolic flow or small, early systolic spikes in at least two 
intracranial arteries in all 43 brain-dead patients, but in 
none of other patients with coma (age range, 2-88 years). 
Bulas et al.76 reported a study in 19 children (age 4-14 
years) who sustained severe closed-head injury. All seven 
children with complete retrograde diastolic flow on  
the initial examination met brain death criteria within 

E F

G H

E and F, No discernible systolic or diastolic flow. G and H, Lateral and anteroposterior projections of a 
carotid arteriogram in a 13 year old status post motor vehicle accident demonstrates lack of intracranial circulation confirming brain death.
FIGURE 49-13, cont’d. 

There is some concern as to the reliability of TCD 
sonography in assessing infant brain death. Again, many 
factors can increase the RI above 1 in the neonate, most 
often increased ICP with or without hydrocephalus and 
a patent ductus arteriosus (PDA)4,71 (see Table 49-1). In 
neonates, low RI has been described in patients clinically 
dead, whereas infants with high RIs have survived.71,72 A 
greatly elevated RI (1-2) in a term infant with no evidence 
of hydrocephalus or a PDA strongly suggests brain death.73

After fontanelle closure, sustained reversal of diastolic 
flow can be characteristic of essentially absent effective 
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diastolic velocity area/Maximum systolic velocity area).67 
All children with substantial diastolic reversed flow and 
a time average velocity of less than 10 cm/sec over a 
30-minute period died. Some investigators have advo-
cated continuous TCD monitoring. Powers et al.68 
showed that a mean velocity in the MCA of less than 
10 cm/sec for longer than 30 minutes was not compat-
ible with survival. Qian et al.77 found that in children, 
reversed diastolic flow, small systolic forward flow, or a 
DFI less than 0.8 in the MCA for more than 2 hours 
was a reliable indicator to confirm brain death. Unde-
tectable flow in the brain has also been described in brain 
death.74-78 The occurrence of undetectable MCA flow, 

24 hours of that study. Feri et al.75 and Shiogai et al.74 
described three unstable patients who briefly showed 
diastolic reversal followed by a forward diastolic flow in 
the same waveform who improved; but of the patients 
Feri observed, none with complete reversal of diastolic 
flow survived. Shiogai reported one 80-year-old survivor 
at 1 month, with Glasgow Coma Scale of 8 and complete 
reversal of diastolic flow in the MCA, who sustained 
forward diastolic flow in the PCA.

A few pediatric cases of mild diastolic reversed flow 
demonstrate recovery of forward diastolic flow and 
brainstem function. Kirkham et al.67 therefore suggested 
using a direction of flow index (DFI = 1 – Maximum 

FIGURE 49-14. Brain death from head trauma in 
3-year-old boy. A, TCD spectral waveform of the right MCA 
demonstrates reversal of diastolic flow with an RI of 1.5. B, CT 
demonstrates a left subdural hematoma with subfalcine hernia-
tion. C, 99mTc-DTPA brain scan the following day was consistent 
with brain death.
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carotid artery, was a reliable sign of cerebral circulatory 
arrest. Some investigators have studied only the extracra-
nial carotid circulation in the neck. Jalili et al.79 reported 
100% specificity for brain death with bilateral reversal 
of diastolic flow in the internal carotid artery of children 
with brain death.

The ease of performing TCD sonography and the 
ability to repeat the study as often as necessary also 
assist in proving the absence of brain death, parti-
cularly when a patient has taken sedative drugs (Fig. 
49-16). It is important to remember that the TCD 
examination should never be used in isolation because 
the arrest of supratentorial flow is not synonymous with 

however, could sometimes be caused by technical factors. 
The use of contrast agents may improve the level of 
confidence when no flow is encountered.

Some investigators have studied simultaneously both 
the extracranial and the intracranial carotid circulation 
in their evaluation of brain death. Feri et al.75 described 
three waveform patterns in the MCA as well as in the 
extracranial internal carotid and vertebral arteries as spe-
cific for brain death: (1) diastolic reverse flow without 
systolic forward flow, (2) brief systolic forward flow, and 
(3) undetectable flow. Absence of MCA flow on TCD 
sonography, with a simultaneous recording of complete 
reversal of diastolic flow in the extracranial internal 

FIGURE 49-15. Brain death from head trauma in 6-year-old child after motor vehicle accident. A, CT image 
demonstrates a small, right subdural hematoma and diffuse edema with mild subfalcine herniation. B, TCD sonogram the following day 
demonstrates mild reversal of diastolic flow (RI 1.1) of the right middle cerebral artery (MCA). C, No flow was noted in the left MCA.
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Transcranial Doppler monitoring during cardiopul-
monary bypass (CPB) for cardiac surgery has also 
been studied. TCD sonography can demonstrate emboli 
showers that occur during aortic cannulation, cardiac 
manipulation, or other surgical maneuvers.83-85 Doppler 
ultrasound has been used to monitor flow patterns during 
cardiopulmonary bypass and a decrease in mean velocity 
with increasing hypothermia has been noted.86 Profound 
hypothermic circulatory arrest and profound hypother-
mia with continuous low-flow cardiopulmonary bypass 
are used to facilitate repair of complex congenital heart 
lesions. Extended periods of profound hypothermic 
arrest may impair cerebral function and metabolism and 
produce ischemic brain injury. TCD sonography has 
enabled the noninvasive intra operative monitoring of 
cerebral perfusion when using either circulatory arrest or 
low-flow bypass. Future TCD studies may help to 
develop improved modes of cerebral protection during 
repair of complex congenital heart lesions.86-88

Transcranial Doppler sonography has also been used 
during diagnostic and therapeutic neuroangiographic 
and surgical procedures.88 It has shown that asymptom-
atic microemboli enter the cerebral circulation in large 
numbers during “routine” carotid angiography as well as 
pediatric scoliosis surgery. High rates of microemboli 
may be related to the presence of right-to-left cardiac 
shunts.89 Intraoperative guidance using contrast agents 

brain death. Rather, the data should help indicate the 
severity of cerebrovascular arrest and is a useful confir-
matory test.80

INTRAOPERATIVE 
NEURORADIOLOGIC PROCEDURES

Intraoperative TCD monitoring of the velocity in the 
MCA during carotid endarterectomy is an accepted 
clinical application in adults.81 Intraoperative compli-
cations of carotid endarterectomy relate mainly to isch-
emia during cross-clamping, hyperemic phenomena,  
or embolization of atheromatous or gaseous materials. 
Hyperemic phenomena secondary to ischemia are 
depicted by a sudden increase in flow velocity. Solid or 
gaseous microemboli as small as 30 to 50 µm can be 
documented by TCD sonography as high-amplitude 
spikes on spectral waveform and a characteristic auditory 
“chirping” sound.82 Ischemia during cross-clamping is a 
classic complication occurring in up to 10% of patients 
that is caused by incompetent intracranial collateral cir-
culation, mainly the anterior and posterior communi-
cating arteries and the leptomeningeal vessels. TCD 
ultrasound can be used to assess the effect of carotid 
cross-clamping on the MCA in both children and adults 
(Fig. 49-17).

FIGURE 49-16. Coma, not brain death. Teenager in status epilepticus with flat electroencephalogram in phenobarbital coma 
with carbon dioxide tension (PCO2) of 27 mm Hg. TCD spectral waveform shows antegrade diastolic flow in the right MCA with slightly 
elevated RI of 0.67 but no evidence of brain death. Patient recovered without sequelae.
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artery circulation and progress for months and years 
before symptoms develop. Prevention of stroke symp-
toms by hypertransfusion therapy is possible in patients 
at risk.16 Bone marrow transplantation has also proved 
curative in young patients with symptomatic sickle cell 
disease and has led to stabilization of nervous system 
vasculopathy, as documented by MRI.92 TCD sonogra-
phy has proved to be a safe, reliable, and cost-effective 
screening method for children at risk.

Adams et al.93,94 first showed the effectiveness of non-
imaging Doppler sonographic imaging in screening for 
cerebrovascular disease in sickle cell disease.16,24,25 Using 
the transtemporal and suboccipital approach, Adams 
et al.93 screened 190 asymptomatic sickle cell patients 
and found in clinical follow-up that a mean flow velocity 

and three-dimensional (3-D) TCD ultrasound has been 
investigated to improve the demonstration of vascular 
anatomy.

STROKE IN SICKLE CELL PATIENTS

In children with sickle cell disease, anemia decreases 
viscosity and increases flow rate, but exceptionally high 
velocities are primarily the consequence of luminal nar-
rowing. Cerebral infarction secondary to occlusive vas-
culopathy is a major complication of patients with sickle 
cell disease, with a prevalence ranging from 5.5%90 to 
17%.91 The stenotic lesions typically involve large vessels 
in the intracranial internal, middle, and anterior cerebral 

FIGURE 49-17. Plexiform neurofibroma. A, Left internal carotid artery (arrow) is patent but surrounded by the plexiform 
neurofibroma on MRI. B, Compression of left carotid artery at arteriography shows cross-filling from right side into left anterior cerebral 
artery (ACA). C, TCD spectral waveform at time of compression also shows good filling of left ACA from right side (reverse flow in the 
left ACA). D, Good filling of left middle cerebral artery.
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maximum velocity in the PCA or the vertebral or basilar 
arteries greater than maximum velocity in the MCA. An 
8-year follow-up of 27 neurologically symptomatic and 
90 asymptomatic sickle cell patients showed all five origi-
nal TCD indicators of disease were still significant.96 
Four additional factors were also significant: (1) turbu-
lence, (2) PCA or ACA visualized without seeing the 
MCA (Figs. 49-21 to 49-23), (3) any RI less than 0.3, 
and (4) maximum MCA velocity greater than 200 cm/
sec (Fig. 49-24). The sensitivity of Doppler ultrasound 
as a predictor of stroke was 94% with a specificity  
of 51%.

Siegel et al.97 compared transtemporal TCD using 
duplex equipment to neurologic examination and also 
found a maximum flow in the MCA of greater than 
200 cm/sec or less than 100 cm/sec (including no flow) 
as significant for disease. Verlhac et al.98 studied sickle 
cell patients with duplex Doppler imaging with a 3-MHz 

in the MCA of 170 cm/sec or greater indicated a patient 
at risk for development of cerebrovascular accident 
(CVA, stroke). Comparing TCD to cerebral angiogra-
phy in 33 neurologically symptomatic patients, the 
authors then found five criteria for cerebrovascular 
disease: (1) mean velocity of 190 cm/sec, (2) low veloc-
ity in the MCA (<70 cm/sec), (3) MCA ratio (lower or 
higher) of 0.5 or less, (4) ACA/MCA ratio greater than 
1.2 on the same side, and (5) inability to detect an MCA 
in the presence of a demonstrated ultrasound window.94

Using duplex Doppler imaging, magnetic resonance 
angiography (MRA), and MRI, Seibert et al.95 initially 
described five indicators of cerebrovascular disease in 
sickle cell patients: (1) maximum velocity in the OA of 
more than 35 cm/sec (Fig. 49-18); (2) mean velocity in 
the MCA of more than 170 cm/sec (Fig. 49-19); (3) RI 
in the OA less than 0.6 (Fig. 49-20); (4) velocity in the 
OA greater than that of the ipsilateral MCA; and (5) 

FIGURE 49-18. Abnormal ophthalmic artery (OA) 
flow in 16-year-old boy with sickle cell disease. 
Patient had his first left cerebrovascular accident (CVA, stroke)  
at age 7 years. Spectral Doppler ultrasound waveforms through 
the eye show increased diastolic flow in both OAs. A, Increased 
velocity in the right OA with maximum velocity of 66 cm/sec;  
B, reversed flow in the left OA.
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FIGURE 49-19. Middle cerebral artery (MCA) stenosis in 9-year-old with sickle cell disease. A, TCD sonogram 
demonstrates extremely elevated velocities in the left MCA, including a peak systolic velocity (PSV) of 359 cm/sec and time average 
maximum mean velocity (TAPV) of 285 cm/sec. B, MRA 3-D time-of-flight images of the circle of Willis demonstrate diffuse narrowing 
of the left MCA, with multiple small vessels suggestive of moyamoya disease. C, Reformatted maximum-intensity projection (MIP) image 
of the same patient confirms narrowing of the left MCA (arrow). D, Axial fast spin-echo (FSE) T2-weighted MR image demonstrates 
volume loss of the left basal ganglia and left hemispheric white matter, with signal voids secondary to multiple collaterals.
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FIGURE 49-20. Developing stroke in asymptomatic 13-year-old boy with sickle cell anemia. A, TCD sonogram 
through the left eye shows relatively normal ophthalmic waveform with normal RI of 0.78, but increased flow with a maximum velocity 
of 43 cm/sec. B, TCD sonogram through the right eye shows more abnormal waveform with increased diastolic flow in the right oph-
thalmic artery (OA) with a low RI of 0.43. C, Collapsed image from axial 3-D time-of-flight MR angiogram shows absent anterior cerebral 
arteries (ACAs) bilaterally with prominent right OA (arrow). D, Vertebral arteriogram demonstrates retrograde filling of the ACA. 
E, Initial image (on left) obtained at time of MRA is normal. Six months later, patient had acute stroke, and second MR angiogram now 
shows bilateral, spotty, hyperintense areas in the ACA distribution. Both images are axial proton density weighted.
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FIGURE 49-21. Moyamoya in 8-year-old child with 
sickle cell disease and history of left-sided stroke. 
A, TCD sonogram demonstrates a cluster of vessels at the region 
of the left bifurcation with no normal middle or anterior cerebral 
artery (MCA or ACA) identified. B, Velocity of the left posterior 
cerebral artery (PCA) is increased. C, MR angiogram demonstrates 
multiple collaterals on the left, with occlusion of the left MCA  
and ACA, as well as the right ACA. The PCAs and the pericallosal 
and middle meningeal arteries are enlarged. D and E, Lateral and 
anteroposterior projections of left carotid arteriogram demonstrates 
complete occlusion of the left internal carotid artery beyond the 
ophthalmic artery.
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CEREBROVASCULAR DISEASE: 
INDICATIONS IN CHILDREN

1. Maximum velocity, OA ≥35 cm/sec
2. Mean velocity, MCA ≥170 cm/sec
3. RI in OA ≤0.6
4. Velocity in OA greater than velocity in MCA 

(ipsilateral)
5. Maximum velocity in PCA, vertebral, or basilar 

arteries greater than or equal to MCA velocity
6. Turbulence
7. PCA or ACA visualized without MCA
8. Any RI <0.3
9. Maximum peak systolic MCA velocity ≥200 cm/

sec

OA, Ophthalmic artery; MCA, middle cerebral artery; RI, 
resistive index; PCA, posterior cerebral artery; ACA, 
anterior cerebral artery.

transducer transtemporally and suboccipitally, as well as 
with MRA and MRI. Arteriography was performed in 
patients with suspected stenosis on TCD sonography. 
They found that patients with a mean velocity greater 
than 190 cm/sec had stenosis on arteriography. Kogutt 
et al.99 also evaluated symptomatic sickle cell patients 
with duplex Doppler imaging, MRI, and MRA and 
found 91% sensitivity and 22% specificity of TCD using 
MRA as the standard. Abnormal TCD values were (1) 
maximum and mean velocity (Vmax and Vmean) greater 
than 2 standard deviations (SD) from normal values 
reported by Adams et al.93,94 in sickle cell patients: Vmax 
MCA greater than 168 ± –38 cm/sec and Vmean MCA 
115 ± –31 cm/sec, and Vmax ACA 138 ± 34 cm/sec and 
Vmean ACA 94 ±cm/sec; (2) RI less than 40; and (3) Vmax 
MCA less than Vmax ACA (Fig. 49-25).

Screening sickle cell patients with the nonimaging 
pulsed Doppler ultrasound technique involves scanning 

FIGURE 49-22. Acute stroke in 3-year-old child with sickle cell disease after CVA. A, CT scan shows low density 
in the distribution of the left anterior and middle cerebral artery (ACA and MCA). B, TCD sonogram through the temporal bone on the 
left demonstrates no flow in the ACA or MCA. C, Flow could be obtained through the temporal window in the posterior cerebral artery 
on the left as it circled the cerebral peduncle. (From Seibert JJ, Glasier CM, Leithiser RE Jr, et al. Transcranial Doppler using standard duplex 
equipment in children. Ultrasound Q 1990;8:167-196.)
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FIGURE 49-23. Acute stroke in 3-year-old boy with sickle cell disease, with acute slurred speech and left-
sided weakness. A, Normal TCD color flow through temporal bone of left middle cerebral artery (MCA, M), left anterior cerebral 
artery (ACA, A), and left posterior cerebral artery (PCA, P). B, Right temporal TCD sonogram shows no right MCA, normal right PCA 
(orange), and normal left PCA (blue). C, Doppler waveform of the right ophthalmic artery (OA) shows increased diastolic flow. D, Axial 
collapsed image from 3-D time-of-flight MR angiogram shows absent flow in the right MCA and a prominent right OA (arrow). E, Axial 
proton-density-weighted image (2500/30, with three-fourths signal averaged) shows absent M1 segment of the right MCA and hyperintense 
area in the right frontal lobe, compatible with acute infarction. (From Seibert JJ, Miller SF, Kirby RS, et al. Cerebrovascular disease in 
symptomatic and asymptomatic patients with sickle cell anemia: screening with duplex transcranial Doppler US—correlation with MR imaging 
and MR angiography. Radiology 1993;189:457-466.)
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examinations are now being recommended for hyper-
transfusion therapy to prevent stroke103 (see Fig. 49-24). 
Correlation with MRI and MRA findings are useful as 
well. Pegelow et al.104 found that children with abnormal 
TCD and MRI were at higher risk for developing a new 
silent infarct or stroke than those whose initial MRI was 
normal.105

When assigning the risk of stroke based on TAMM 
velocities, it is important to consider how velocities may 
differ with the specific equipment used compared to 
those obtained with nonduplex equipment in the initial 
STOP studies. Studies have evaluated the differences  
in technique, nonimaging TCD versus imaging TCDI. 
Non-angle-corrected velocities obtained with Acuson 
and ATL TCDI equipment are approximately 10% 
lower in the MCA than those obtained with Nicolet 
(Vascular, Madison, Wis) nonduplex equipment.17-19 
Other studies show no significant difference in TAMM 
velocity measurements obtained with General Electric 
TCDI equipment compared with Nicolet nonduplex 
equipment.20,21 The reasons for these differing results are 
likely multifactorial. Centers should be aware of these 
potential differences when performing the STOP proto-
col and consider performing their own comparison 
studies when using imaging equipment. It is important 
to optimize instrument settings (volume size, gain, wave-
form display) and perform exams carefully so that the 
highest mean velocity is documented in the MCA and 
ICA. Closer attention to technique can reduce the dif-
ferences between velocity data acquired with different 
ultrasound machines. A 10% lower cutoff point for 
TAMM velocities may be appropriate depending on the 

the patient transtemporally to evaluate the MCA, bifur-
cation, distal ICA, ACA, and PCA. The OA can be 
evaluated through the orbit. The basilar and vertebral 
arteries can be evaluated from the occipital approach. 
The peak systolic velocity (PSV), end diastolic velocity, 
time average maximum mean (TAMM) velocities, and 
RI of each of these vessels should be measured at least 
twice. The MCA should be tracked from the peripheral 
branch to the bifurcation with velocities obtained every 
2 mm. Optimizing the tracing is crucial in identifying 
regions of stenosis.100 Color Doppler flow imaging can 
also be used to screen sickle cell patients. This tech-
nique is faster to learn, allows for quicker vessel identi-
fication, and improves gate placement (see Fig. 49-24). 
Because probes tend to be larger, however, optimizing 
the tracing may be more difficult and can result in 
slightly lower velocities than those obtained by nonim-
aging methods.17-19

The Stroke Prevention Trial in Sickle Cell Anemia 
(STOP) study led by Robert Adams showed that regular 
transfusion of children at risk for stroke, as determined 
by Doppler sonography, could prevent CVA.16,100-102 
Adams studied 130 children age 2 to 16 years at 14 
medical centers who were at risk to develop stroke, with 
mean velocity in the MCA greater than 200 cm/sec. Half 
received blood transfusions every 3 to 4 weeks, enough 
to lower sickle cell hemoglobin to below 30%. After 1 
year, the transfusions lowered the stroke risk by 90%. 
Although only one transfusion patient had a stroke, 10 
nontransfusion children sustained a CVA (Table 49-2).

Patients with a mean velocity greater than 200 cm/sec 
or a PSV greater than 250 cm/sec in the MCA on two 

FIGURE 49-24. Maximum MCA velocity greater than 200 cm/sec indicates cerebrovascular disease in 
4-year-old girl with sickle cell disease. A, Color Doppler imaging demonstrates a region of aliasing (arrow) at the proximal 
left MCA. B, Doppler waveform confirms the presence of abnormally high mean and peak velocities (TAMX, 206 cm/sec; PSV, 259 cm/
sec), which stratify into the “high” stroke risk category. The child started receiving transfusion therapy.
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protocol and machine used.12 Reviewing the STOP data, 
Jones et al.103 reported that a PSV with velocities greater 
than 250 cm/sec may be another useful value to use 
when assessing stroke risk in sickle cell patients.12,103

Although angle correction with TCDI may be a way 
to correct for lower velocities obtained by TCDI com-
pared with nonimaging TCD, this technique has not yet 
been validated and may overestimate stroke risk in chil-
dren with sickle cell disease.23 Therefore, angle correc-
tion currently should not be used when performing and 
interpreting TCDI for stroke risk assessment in pediatric 

FIGURE 49-25. Low middle cerebral artery (MCA) velocity in 8-year-old child with sickle cell disease. 
Occluded distal internal cerebral artery (DICA) with collateralization from the posterior cerebral artery (PCA) and basilar artery. A, TCD 
sonogram demonstrates abnormally low velocities in the left MCA (TAMX, 70.7 cm/sec) with decreased pulsatility (RI 0.43). No flow 
was documented in the left DICA. B and C, Velocities in PCA and basilar artery are higher than in left MCA. D, Coronal reformatted 
MR angiograms demonstrate occlusion of the left DICA (arrow).
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TABLE 49-2. STOP STROKE RISK 
CATEGORIES

CATEGORY DEFINITION

Low <170 cm/sec TAMX
Conditional 170-199 cm/sec TAMX
Abnormal ≥200 cm/sec TAMX

or >250 cm/sec PSV

STOP, Stroke Prevention Trial in Sickle Cell Anemia; TAMX, Time-averaged 
maximum mean velocity, PSV, peak systolic velocity.
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CONTRAST ENHANCEMENT

Visualization of normal or pathologic flow with TCD 
sonography can be obstructed by insufficient temporal 
bone windows, unfavorable insonation angles, or low 
flow velocities. In adult studies, echocontrast agents such 
as galactose microbubble suspensions have been used in 
an attempt to increase the applications of transcranial 
studies.113-115 These contrast agents have been shown to 
facilitate visualization of vessel patency, stenosis, occlu-
sion, and collateral flow.116-118 Small-caliber arteries and 
vessels that run at unfavorable angles may be identi-
fied.119 Velocities obtained using this method provide 
reliable data regarding stenosis and occlusion. Compari-
sons with digital subtraction angiography have been 
favorable.113,119,120

Indications for echo-enhancing agents include depic-
tion of vessel anatomy of tumors, vascular malforma-
tions, and stenosis. In the evaluation of brain death, it 
may improve the level of confidence of documenting low 
flow. Limitations of this technique include short dura-
tion of some of the contrast agents, blooming artifact, 
and limited availability for pediatric studies in the United 
States.

Tissue plasminogen activator (TPA) activity has 
been shown to be enhanced with ultrasound. TCD 
sonography can identify residual blood flow signals 
around thrombi and, by delivering mechanical pressure 
waves, expose more thrombus surface to circulating 
TPA. The CLOTBUST international multicenter trial 
showed that ultrasound can enhance the thrombolytic 
activity of a drug. Clinical recovery from stroke with 
recanalization 2 hours after TPA bolus was seen in 25% 

sickle cell disease.11,12 The STOP velocity criteria apply 
only to children with sickle cell anemia who have not 
had a previous stroke. Children with conditional veloci-
ties should be rescreened within 3 to 6 months, and 
those with normal studies may be rescreened yearly.100 
Elevated ACA velocity, although not part of the STOP 
criteria, also suggests an increased stroke risk (Fig. 
49-26). Kwiatkowski et al.106 found that an elevated 
ACA velocity (≥170 cm/sec) was associated with an 
increased risk of stroke (p = 0.0013). In subjects with 
normal ICA-MCA velocities and elevated ACA velocity, 
the risk of stroke was greater than tenfold, whereas the 
risk more than doubled with those who had both ele-
vated ACA and elevated ICA-MCA velocities.

The natural history of TCD velocities in sickle cell 
patients continues to be studied.107-109 Optimal manage-
ment for children with abnormal velocities remains 
problematic, with no consensus regarding long-term 
management in children with persistently abnormal 
velocities. The side effects of prolonged transfusion 
therapy have clinicians searching for other methods of 
improving stroke risk, including the use of hydroxy-
carbamide (hydroxyurea) therapy and bone marrow 
transplant.92,110-112

The management of children with conditional veloci-
ties is also being studied. Many remain in the conditional 
range for years or eventually normalize, but up to 23% 
of this cohort convert over time to abnormal veloci-
ties107,108 (Fig. 49-27). Protocols using less invasive thera-
pies such as hydroxycarbamide (e.g., hydroxyurea 
therapy) in children with conditional velocities show 
promise and suggest that following these patients with 
TCD may be useful to assess treatment response.110-112

FIGURE 49-26. Anterior cerebral artery (ACA) stenosis in 11-year-old child with sickle cell disease. A, TCD 
sonogram demonstrates abnormally elevated left ACA velocities. B, 3-D time-of-flight reformatted MR angiogram demonstrates stenosis 
at the origin of the A1 segment of the left ACA (arrow).
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NORMAL CERVICAL ANATOMY

The goal in pediatric imaging is to perform a study with 
the lowest possible radiation exposure and the least seda-
tion necessary.1-4 Sonography, given a lack of ionizing 
radiation and its noninvasive approach, should be con-
sidered as the initial imaging modality in a child with a 
neck lesion.5 Sonography is also cost-effective, widely 
available, and portable, as needed.6-9 Transducers with 
frequencies of 7.5 to 10 MHz are excellent for examina-
tion of the neck. Ultrasound can illustrate normal cervi-
cal anatomy, identify vascular structures with color 
Doppler flow imaging, and delineate pathology with 
regard to location, size, and presence of calcification.8-10 
Sonography is also excellent at distinguishing solid from 
cystic lesions; cystic masses are common pediatric neck 
lesions.7,10

Limitations of ultrasound technique include the 
inability to evaluate bone, small field of view, and degree 
of soft tissue contrast.7 Because of these limitations, 
magnetic resonance imaging (MRI) and computed 
tomography (CT) are excellent adjunct modalities that 
can provide additional soft tissue and bone detail and 
further delineate extent of disease.5,11,12

Imaging of the head and neck can be confusing 
without an organized approach. The soft tissues of the 
neck can be separated into boundaries of the superficial 
and deep spaces.13-15 The superficial fascia is primarily 
composed of subcutaneous fat. The platysma muscle, 
subcutaneous lymph nodes, and nerves lie within the 

superficial space. The deep cervical fascia, encircled by 
the superficial tissues, contains the major structures of 
the neck (Fig. 50-1). The deep cervical fascia includes 
superficial, middle, and deep layers (Fig. 50-2).

Simplifying the deep cervical fascial anatomy is best 
achieved by dividing the neck into suprahyoid and infra-
hyoid locations.13,14 The suprahyoid space includes the 
areas of the neck between the skull base and hyoid 
bone.13 The infrahyoid space is the area of the neck 
between the hyoid bone and clavicles.14 Some deep 
fascial planes and lesions extend within both the infra-
hyoid and the suprahyoid space. These spaces and lesions 
are described as “lacking definition by the hyoid.” Using 
this organization, with the knowledge of the normal 
anatomic elements in each space, the appropriate dif-
ferential diagnosis for a mass can be proposed.15

SUPRAHYOID SPACE

The suprahyoid space includes the superficial, middle, 
and deep layers of the deep cervical fascia (Fig. 50-3). 
The superficial layer envelops three spaces. The parotid 
space includes the parotid gland, intraparotid facial 
nerve, retromandibular vein, lymph nodes, and external 
carotid artery. The masticator space includes muscles of 
mastication and posterior body of the mandible. The 
submandibular space includes the sublingual and sub-
mandibular glands, as well as the adjacent lymph nodes, 
muscles of the tongue, and hypoglossal nerve.
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by layers of the middle cervical space anteriorly and deep 
cervical layers posteriorly. However, because the retro-
pharyngeal space and prevertebral layer, a deep cervical 
space, cannot be separated, it is easiest to consider these 
layers together in the deep cervical facial layer as the 
retropharyngeal space. The carotid space and retropha-
ryngeal space extend above and below the hyoid and are 
discussed later.

Parotid and Submandibular Spaces

Because the parotid and submandibular areas primarily 
contain salivary tissue and thus have similar pathology, 
these two spaces are considered together. The major sali-
vary glands that occupy these spaces include the parotid 
glands, the submandibular glands, and the sublingual 
glands.

Normal Anatomy

The parotid gland is the largest salivary gland. This 
encapsulated gland, containing lymphoid tissue, vessels, 
and nerves, wraps around the angle of the mandible 
anterior to the mastoid tip (Fig. 50-4). Most parotid 
tissue lies superficial to the masseter muscle. In 20% of 
patients, an accessory parotid gland, which is a nodule 
of salivary tissue separate from the main parotid, can be 
identified on the masseter muscle.16 The parotid gland 
contains acini that drain through Stensen’s duct, a 
structure that extends anteriorly to exit above the upper 
second molar.17 The duct lies approximately 1 cm below 
the inferior margin of the zygomatic arch.18 The facial 
nerve travels within the parotid gland, lying lateral 
to the retromandibular vein and posterior belly of the 

The middle territory of the suprahyoid space lies 
between fascial layers and includes the parapharyngeal 
and pharyngeal spaces. This middle layer, which 
includes lymphoid tissue, minor salivary glands, and fat 
encircling the pharynx, is difficult to visualize with ultra-
sound and is not discussed separately. The carotid space 
is formed from fibers of the middle and deep layers of 
cervical fascia. The retropharyngeal space is contained 

FIGURE 50-1. Superficial and deep cervical bound-
aries. Axial image of the neck at the level of the thyroid 
demonstrates the platysma muscle, which separates the peripheral 
superficial from central deep cervical fascial layers.

Platysma
 muscle

FIGURE 50-2. Deep cervical fascial layers. Sagittal 
image of the neck separates the deep cervical fascia into three 
boundaries: superficial (blue), middle (orange), and deep (yellow).

Hyoid
 bone

Thyroid 
gland

FIGURE 50-3. Deep cervical fascial layers of supra-
hyoid neck, axial image. The parotid, masticator, and 
submandibular spaces represent the superficial layer. 1, Parotid 
gland. 2, Submandibular space contains the sublingual (brown) 
and submandibular (orange) glands. 3, Masticator space contains 
the masseter muscle. 4, Middle layer. 5, Deep fascial layer. mh, 
Mylohyoid muscle; scm, sternocleidomastoid muscle.
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tissue; the greater the fat content, the higher the echo-
genicity. Normal intraparotid ducts may be visualized as 
linear reflective structures. Stensen’s duct is usually not 
visible in the absence of dilation. In the parotid paren-
chyma, normal lymph nodes may be observed. Most 
nodes are identified as upper or lower pole, are oval in 
shape, measure 5 to 6 mm in the short axis, and appear 
hypoechoic with a hyperechoic central hilum.18

The submandibular space contains both the subman-
dibular glands and the sublingual glands. The subman-
dibular glands lie within the posterior submandibular 
space: whereas, the sublingual are anterior (Fig. 50-6).

The submandibular glands are bordered by the man-
dible laterally and the mylohyoid muscle superiorly and 
medially. A small portion of the gland may pass posterior 
to the mylohyoid muscle to lie within the sublingual 
area. The space anterior to the submandibular gland 

digastric muscle, which is the muscle deep to the mastoid 
tip. The facial nerve acts a boundary to divide the parotid 
gland into superficial and deep components. The deep 
lobe of the parotid, which accounts for 20% of the 
gland, lies adjacent to the parapharyngeal space and 
beneath the angle of the mandible.

Imaging of the parotid should be obtained with the 
highest-frequency transducer. Usually, linear transducers 
of 5 to 12 MHz are used. The entire gland should be 
evaluated in two perpendicular planes. Because the facial 
nerve is poorly delineated on ultrasound, the retroman-
dibular vein, which lies directly deep to the nerve and 
lateral to the external carotid artery, is an excellent  
landmark to separate the superficial and deep lobes.18,19 
Typically, the deep lobe can only be partially visualized, 
concealed by acoustic shadowing of the mandibular 
ramus. On sonography, the parotid gland is generally 
homogeneous and hyperechoic with regard to the adja-
cent muscle (Fig. 50-5). The degree of echogenicity of 
the gland depends on the amount of intraglandular fatty 

FIGURE 50-4. Diagram of parotid space. 1, Parotid 
gland; 2, Stensen’s duct; 3, masseter muscle; 4, angle of mandible; 
5, mastoid; 6, posterior belly of digastric muscle. Arrow points 
between the retromandibular vein (open circle) and external carotid 
artery (partly solid circle), demarcating superficial and deep lobes. 
Lenticular tan structure with asterisk is the facial nerve.
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FIGURE 50-5. Normal parotid gland. A, Transverse color Doppler ultrasound shows mildly increased echogenicity compared to 
adjacent masseter muscle (M). Deep and superficial portions of the gland are separated by the retromandibular vein (RV) found lateral to 
the external carotid artery (EC) and posterior belly of the digastric muscle (DG). Small, hypoechoic intraparotid lesion is consistent with 
normal lymph node (L). B, Longitudinal color Doppler sonogram shows normal parotid displaying homogeneous hyperechoic texture 
and retromandibular vein (RV).
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FIGURE 50-6. Normal submandibular space. Sagittal 
diagram shows submandibular gland (1), sublingual gland (2), 
submandibular (Wharton’s) duct (3), sublingual duct (4), mylo-
hyoid muscle (mh), genioglossus muscle (gg), geniohyoid muscle 
(gh), anterior belly of digastric muscle (dg), and mandible (m).
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addition to the gland, the sublingual area includes the 
submandibular duct and sublingual vessels, which lie 
medial to the gland. Scanning of the gland should be 
performed with a high-frequency linear transducer sub-
mental in two perpendicular planes with the patient 
supine and the head retroflexed.23 A standoff pad can be 
helpful in accessing the anatomy. On transverse imaging 
the gland is oval, whereas on long sections the gland has 
a lentiform shape (Fig. 50-8). The echogenicity of the 
sublingual gland is similar to the parotid and subman-
dibular glands.23

Inflammatory Lesions

Most salivary gland pathology in children is caused by 
inflammatory lesions. Inflammatory causes can be acute 
or chronic. The acute form may be secondary to viral or 
bacterial etiologies. The chronic form includes a long 
differential diagnosis (e.g., HIV, Sjögren’s, sialoadenitis, 
sarcoidosis, other granulomatous processes).

contains lymph nodes. The torturous facial artery typi-
cally crosses the parenchyma laterally. The anterior facial 
vein can often be identified along the anterosuperior 
aspect of the gland.20 Medially, the lingual artery and 
vein may be evident. Wharton’s duct, the excretory duct 
for the gland, extends along the mylohyoid and medial 
part of the sublingual gland to its orifice on the floor of 
the mouth. On sonography, the submandibular glands 
should be examined submental in two perpendicular 
planes, usually long and transverse, with a high-frequency 
linear transducer. The glands are triangular in shape, 
homogeneous, and more echogenic than muscle but  
less echogenic than the parotids21 (Fig. 50-7). On high-
resolution sonography, fine linear streaks can be 
observed, representing intraglandular ductules. Whar-
ton’s duct may be visualized as a thin echogenic wall, 
medial to the sublingual gland.22 With movement of the 
patient’s tongue, the duct may also be visible.22

The sublingual gland lies on the mylohyoid muscle 
between the mandible and genioglossus muscle. In  

FIGURE 50-7. Normal submandibular gland. A, Transverse color Doppler scan shows homogeneous triangular gland with 
mandible (M) laterally and mylohyoid muscle (MH) medially. Facial artery (FA) is also present laterally along the gland. B, Longitudinal 
color Doppler imaging shows central linear structure without color (arrow), representing nondilated Wharton’s duct.
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FIGURE 50-8. Normal sublingual gland. A, Transverse image shows triangular homogeneous sublingual glands laterally adjacent 
to mandible. Arrow, Wharton’s duct; SL, sublingual gland; M, mandible; DG, anterior belly of digastric muscle; MH, mylohyoid; GH, 
geniohyoid; GG, genioglossus. B, Longitudinal ultrasound shows the submandibular gland (SM) posteriorly and the lenticular homoge-
neous sublingual gland (SL).
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drainage is useful when abscess is present. Recurrence is 
uncommon.

Sialolithiasis is uncommon in children, with 90% in 
the submandibular gland and 10% in the parotid.18,24,26 
In 25% of patients, stones are often multiple and intra-
glandular or intraductal in location.29 Submandibular 
glands are prone to calculi because of the alkaline nature 
and high viscosity of their secretions. Wharton’s duct is 
long with an upward course and thus also has a higher 
propensity for stone formation. Clinically, recurrent 
swelling during eating and superimposed infection may 
result from partial or complete obstruction of the duct 
by a stone. Sonography is as sensitive as 94% in the 
detection of salivary calculi.30 Features include hyper-
echoic foci with acoustic shadowing representing stones 
(Fig. 50-12). With duct occlusion, hypoechoic tubular 
areas are typically consistent with dilated ducts.18,31 
About 50% of patients have inflammation of the gland 
in conjunction with the calculus,18 and the gland will 
demonstrate a heterogeneous architecture. Although 
80% of submandibular and 60% of parotid stones  
are radiopaque on x-ray examination, when more  

Acute Salivary Gland Inflammation. In children, viral 
salivary gland infections are the most common cause  
of acute inflammation.24 Endemic viruses, including 
mumps, mononucleosis, and cytomegalovirus (CMV), 
are the most common viral etiologies, causing painful 
unilateral or bilateral swelling of the salivary tissue. In 
85% of cases, the parotid gland is involved. Although it 
declined with the advent of immunization, mumps is 
still the most common cause of parotitis.17 Mumps, a 
highly contagious worldwide infection spread by air-
borne droplets, is typically encountered in the winter 
and spring and primarily affects children under age 15 
years.24 The incubation period for this virus is 14 to 21 
days, but the infection is contagious 3 days before the 
onset of swelling until the resolution of the swelling.25 
With ultrasound, viral salivary infections show a dif-
fusely enlarged gland that may have a normal, heteroge-
neous and/or hypoechoic echotexture with increased 
vascularity26 (Fig. 50-9).

Bacterial infection is rare in children and primarily 
affects the parotid gland. Staphylococcus aureus is the 
most common etiology.17,21,24,27 Children under age 1 
year, especially premature infants (35%-40% cases) and 
immunosuppressed patients, are particularly vulnera-
ble.28 Infection is typically unilateral and associated with 
fever, dehydration, and gland pain and edema. Proposed 
etiologies include infection in the mouth or stasis of  
salivary flow through the ducts.24 Using ultrasound, the 
parotid gland appears heterogeneous in echotexture with 
discrete, hypoechoic nodules representing enlarged intra-
parotid lymph nodes17-19 (Fig. 50-10). Adjacent cervical 
lymphadenopathy is common. In patients with uncom-
plicated adenitis, treatment is primarily supportive with 
administration of intravenous (IV) antibiotics.26 In the 
presence of severe dehydration and especially in neonates 
7 to 14 days old with bacterial infection, an abscess may 
develop. These collections typically appear hypoechoic 
or anechoic with posterior acoustic enhancement and 
occasionally a hyperechoic halo18 (Fig. 50-11). Internal 
debris may be noted, and in some cases, hyperechoic  
foci consistent with gas bubbles. Ultrasound-guided 

FIGURE 50-9. Viral salivary gland infection. A, Mononucleosis of parotid gland in 10-year-old child. Transverse scan shows 
a swollen, mildly inhomogeneous parotid with enlarged intraparotid lymph nodes. B, Color Doppler comparison sonograms of the sub-
mandibular glands show decreased echogenicity and increased vascularity in the left and normal appearance of the right.
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FIGURE 50-10. Bacterial parotid infection. Swollen, 
heterogeneous hypervascular parotid gland contains multiple  
areas of round, decreased echogenicity. Note adjacent lymph-
adenopathy.
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sublingual glands are not affected, and there is no known 
etiology for recurrent parotitis. Differential diagnosis 
includes mumps or suppurative parotitis, which is 
excluded by lack of pus from the parotid duct.35 Age at 
presentation is typically 3 to 6 years, and the episodes 
tend to cease near puberty or in late adolescence.36 Boys 
are more often affected.36,37 Some patients acquire super-
imposed acute infection, typically with Streptococcus viri-
dans.35,36 Although sialography was previously the prime 
modality for diagnosis, by demonstrating punctate or 
globular areas of sialectasis, ultrasound is now the favored 
imaging approach.36 In the majority of patients, sonog-
raphy demonstrates enlarged parotid glands containing 
multiple round, hypoechoic areas measuring 2 to 4 mm 
in diameter, likely representing peripheral sialectasis and 

information is needed beyond ultrasound, a CT scan 
provides the best detail.32

Nodal enlargement in the parotid is often present in 
association with neck adenopathy caused by infection or 
neoplasm. Parinaud oculoglandular syndrome involves 
conjunctivitis and ipsilateral intraparotid or periauricular 
adenopathy and can result from Chlamydia infection or 
cat- scratch disease.33 In the submandibular space, sonog-
raphy is useful to differentiate nodal from glandular 
disease.34

Chronic Inflammatory Disease. Juvenile (recurrent) 
parotitis is the most common cause of parotid swelling 
in childhood in developed countries.27 This disorder 
presents with intermittent pain, fever, and unilateral  
or bilateral parotid swelling. The submandibular and 

FIGURE 50-11. Parotid abscess. A, Two-month-old infant developed swelling along the left ear. Sonogram of the parotid area 
demonstrates round, well-defined, hypoechoic mass without internal blood flow centered within the deep parotid. B, Contrast CT 2 days 
later because of lack of response to IV antibiotics demonstrates a large, round, hypoattenuated lesion with partial enhancing peripheral 
wall within inflamed left parotid.
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FIGURE 50-12. Submandibular gland sialolithiasis. A, Enlarged submandibular gland. B, Dilated submandibular duct 
secondary to obstructing stone (arrow).
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in the dilated ducts or walls of the dilated ducts. The 
hypoechoic areas likely represent edema and sialectasis, 
as noted on sialography. Increased vascularity can be 
demonstrated in areas of abnormal echotecture.40 On 
imaging, findings may be bilateral and associated with 
intraglandular or adjacent lymph node involvement.

Human immunodeficiency virus (HIV) infection is 
the prime cause of immunodeficiency in infants and 
children.41 HIV can affect all salivary glands, but primar-
ily infects the parotid. The patient may demonstrate 
bilateral parotid swelling and lung disease from lympho-
cytic interstitial pneumonitis.21 Infection is characterized 
by benign lymphoepithelial lesions, consisting of lym-
phoid hyperplasia accompanied by an intranodal cyst 
lined by epithelial cells.41,42 Bilateral cystic enlargement 
of the parotid glands is pathognomonic for HIV infec-
tion but can be difficult to differentiate from recurrent 
parotitis, Sjögren’s syndrome, lymphoma, and Warthin’s 
tumor.32,41 The most common sonographic appearance 
in 70% of cases is an enlarged gland with small, 
hypoechoic areas without acoustic enhancement and 
thick septations consistent with lymphoid infiltra-
tion21,43,44 (Fig. 50-15). In 30%, there are large, anechoic 
areas, consistent with lymphoepithelial cysts replacing 
the gland. From 40% to 70% of HIV patients have 
associated symmetrical cervical adenopathy and enlarged 
adenoids.45 Benign lymphoepithelial lesions can range 
from simple cysts to mixed masses with solid compo-
nent.43 When the parotid gland is abnormal, patient 
prognosis is better overall.46,47

Neoplasms

Tumors of the salivary glands account for only 1% of all 
pediatric tumors.48 About 8% of primary tumors of the 
head and neck in children originate within the salivary 
glands;21 90% to 95% occur in the parotid and the rest 
in the submandibular and sublingual glands.17 Most 
masses of the salivary gland are benign and have a vas-
cular etiology.26,46 About 60% of salivary gland tumors 
have been attributed to hemangioma and 27% to lymph-
angiomas or lymphatic malformations.48 Only 13% were 
noted to be solid salivary tumors.48 Pediatric epithelial 
salivary tumors tend to occur in children older than 10 
years, and 23% to 50% are malignant in children.24,26,48,49 
Most malignant tumors are lower grade, although chil-
dren younger than 10 years tend to have a higher-grade 
tumor.26 The most common presentation for a salivary 
gland mass is a painless, slow-growing mass.

In children, sonography is the first step, especially  
for superficial lesions. With ultrasound, 95% of space-
occupying lesions in the salivary glands can be delin-
eated, and 90% are appropriately categorized as benign 
or malignant.31 Sonography can easily distinguish focal 
from diffuse lesions, assess vascularity, and distinguish 
solid from cystic masses.21 For further definition of a 
lesion; however, most believe MRI is the method of 

lymphocytic infiltration38 (Fig. 50-13). Some glands may 
be hypervascular, secondary to acute inflammation.37 
Treatment is generally supportive with analgesics and 
antibiotic administration.

Chronic sialadenitis is caused by an inflammatory 
process that damages the acini, altering the drainage 
system of the gland. The etiology may be infectious or 
noninfectious. Clinically, patients present with gland 
swelling and pain, particularly postprandial.

Infectious etiologies include granulomatous diseases 
such as mycobacteriosis, actinomycosis, and histoplas-
mosis. Primary tuberculosis of the salivary gland is rare; 
however, nontuberculous salivary gland infection, typi-
cally secondary to Mycobacterium avium-intracellulare, is 
more common, usually presenting between 16 and 36 
months of age. It is important to remember that tubercu-
losis, mycobacteriosis, and actinomycosis can mimic neo-
plasm because as the disease progresses, the lesions may 
appear as hypoechoic masses with poorly defined margins. 
On color Doppler sonography, these infectious lesions, 
unlike neoplasm, shows no color flow. Complications 
with actinomycosis and mycobacteria include draining 
sinuses or fistula. Treatment is typically with antimicro-
bial therapy, although surgery may be necessary.

The most common noninfectious salivary gland 
inflammatory processes include autoimmune disease, 
sarcoid, and recurrent sialolithiasis. Sjögren’s syndrome 
is an autoimmune disorder that results in inflammation 
and destruction of the exocrine glands, primarily lacri-
mal and salivary tissue.39 These patients are usually 
monitored with ultrasound because of increased risk for 
lymphoma. Sarcoid is an idiopathic granulomatous 
disease that is uncommon in children. Parotid involve-
ment, noted in 30% of patients, may be the only initial 
finding. Heerfordt’s disease is the combination of 
parotid involvement, uveitis, and facial paralysis.26,29 
Calcified hypoechoic lesions may be present. Treatment 
is primarily with steroids.

Patients with chronic sialadenitis on sonography often 
demonstrate a heterogeneous gland with small, punctate, 
echogenic areas or with multiple hypoechoic areas21 (Fig. 
50-14). Punctate areas are believed to represent mucus 

FIGURE 50-13. Juvenile parotitis. Five-year-old boy with 
recurrent parotitis demonstrates inhomogeneous enlarged gland 
with multiple small, round areas of decreased echogenicity.



FIGURE 50-14. Chronic parotid sialadenitis secondary to sialolithiasis. A, Parotid contains round areas of decreased 
echogenicity typical of dilated ducts and small areas of increased echogenicity consistent with mucus and small calculi (arrowheads). 
B, CT shows multiple calculi in the right and left parotid (arrowheads) and inhomogeneous density of the right parotid. C, Sialogram 
excludes stone obstructing Stensen’s duct but shows pooling in peripheral dilated ducts, sialectasis (arrow).
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FIGURE 50-15. HIV parotitis. A, Comparison transverse images of the right and left parotid glands enlarged with small, hypoechoic 
areas. B, Coronal postgadolinium T1-weighted MR image demonstrates multiple lymphoepithelial cysts within enlarged, enhancing parotid 
tissue bilaterally.
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included in an entity termed vascular malformations. 
These lesions may involve the parotid gland or may 
infiltrate the submandibular space. However, on ultra-
sound, if a lymphatic malformation is present within the 
parotid, the gland typically contains cystic spaces, with 
or without solid elements and septations17 (Fig. 50-18).

Salivary Gland Masses

Pleomorphic adenomas, also referred to as benign 
mixed-cell tumors, contain both mesenchymal and epi-
thelial cell lines. These neoplasms are the most common 
benign salivary gland tumor in childhood and occur in 
all pediatric age groups (median, 15 years).24,31 Most 
present as a solitary, hard, painless, slow-growing mass.58 
From 60% to 90% of these lesions originate in the 
parotid gland and 10% to 30% in the submandibular 
gland.18,21 When arising from parotid tissue, the lesions 
may originate within the deep or the superficial lobe. 
These lesions can recur (1%-50%) as multiple masses58 
or rarely can develop late metastatic deposits.30,58 On 
sonography, the lesion appears lobulated, well defined, 
and hypoechoic or isoechoic (with respect to normal 
salivary tissue) (Fig. 50-19). Cystic areas and hyper-
echoic shadowing foci representing small calcifications 
may be noted.17 Typically, pleomorphic adenomas dem-
onstrate peripheral vascularity with a hypovascular 
center19,32,40 (Fig. 50-20). Treatment includes surgical 
resection with facial nerve–sparing techniques.

Warthin’s tumor, also referred to as papillary cyst-
adenoma lymphomatosum or adenolymphoma, is the 
second most common benign salivary gland neoplasm  
of children and solely identified in the parotid gland.59 
The lesion contains a double layer of epithelial cells 
resting on a dense lymphoid stroma and is believed to 
result from incorporation of lymphatic elements and 

choice because it provides precise information on extent 
and nature of the mass as well as presence of perineural 
invasion.21,32

Vascular Masses

Infantile hemangiomas are the most common vascular 
lesions in infancy and childhood.49 These high-flow 
masses are benign neoplasms composed of proliferating 
endothelial cells.49,50 Hemangiomas represent 60% of 
head and neck neoplasms and 60% of all salivary gland 
neoplasms.51,52 Hemangiomas occur three times more 
often in girls than boys.51,53 Most present as a painless, 
compressible, growing mass, and half have a bluish or 
red stain in the skin superficial to the lesion.49,54 Hem-
angiomas are common in premature infants, usually 
evident shortly after birth, but 95% of these lesions 
present during the first 6 months.54,55 These lesions typi-
cally undergo a phase of proliferation at 0 to 1 year, peak 
in size, then undergo spontaneous, slow involution at 1 
to 7 years of age.49,50 About 80% of salivary gland masses 
arise in the parotid, and 18% are present in submandibu-
lar tissue.26 On ultrasound, the lesions are infiltrative or 
well circumscribed, usually hypoechoic relative to the 
parotid, and may involve all or part of the gland (Fig. 
50-16). In the proliferative phase, on color Doppler 
sonography, there is a high vessel density,29,56 with both 
increased arteries and increased veins (Fig. 50-17). Arte-
rial Doppler waveforms and spectral Doppler demon-
strate high flow velocity and low resistive index (RI) with 
broadening of the spectrum.43,52 Because most infantile 
hemangiomas spontaneously regress, medical manage-
ment with corticosteroids or surgical therapy is used only 
when symptoms warrant.49,53,57

Lymphatic malformations or lymphangiomas are 
part of a spectrum of anomalies in development now 

FIGURE 50-16. Parotid hemangioma. A, Enlarged hypoechoic parotid gland with a few internal linear striations. B, CT scan 
demonstrates intense homogeneous enhancement of the right parotid mass.
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of cords, sheets, or cystic spaces lined by squamous and 
mucous cells.17,21 Of the malignant salivary gland lesions, 
60% are diagnosed as mucoepidermoid carcinomas, and 
about 50% arise from the parotid.21 Clinically, these 
lesions may be tender, may grow rapidly, and may cause 
facial nerve paralysis.18,49 Ultrasound characteristics 
depend on histologic grade. Lower-grade lesions may be 
homogeneous in echotexture and well defined, whereas 
high-grade lesions appear irregular, poorly defined, with 
hypoechoic heterogeneous internal architecture. Doppler 
ultrasound is not reliable to differentiate benign from 
malignant lesions. However, increased intratumoral RI 
and high peak systolic flow velocity (PSV, >60 cm/sec) 
should increase suspicion for malignancy.40 Sonography 

heterotopic ductal epithelium within the parotid lymph 
nodes. Typically, the lesion presents as a painless, soli-
tary, slow-growing mass. In up to 10% of cases the lesion 
may be bilateral. Ultrasound findings include an oval, 
hypoechoic, well-defined mass containing multiple 
microcystic or anechoic areas, given the high propensity 
for cystic change.18,19,59 With color and Doppler sonog-
raphy, the tumor typically is hypervascular. Diagnosis of 
Warthin’s tumor may be supported by intense uptake of 
the lesion by technetium 99m scintigraphy.17,18 Treat-
ment is surgical resection; however, recurrence is possible 
from multifocality.

Mucoepidermoid carcinoma, the most common 
malignant salivary gland neoplasm in children, consists 

FIGURE 50-17. Parotid hemangioma. A, Color Doppler sonogram shows high vessel density with low arterial resistance. 
B, T1-weighted postgadolinium MR scan shows intensely enhancing right parotid with multiple dark, round areas centrally, consistent 
with flow voids in multiple enlarged vessels.
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FIGURE 50-18. Parotid lymphatic malformation. A, Cystic septated mass within the superficial parotid. B, Coronal CT 
shows the cystic lesion lateral to and inseparable from the normal enhancing left parotid.
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neurofibromas are typical in patients with neurofibro-
matosis type 1.60 Sonography demonstrates multiple 
hypoechoic areas within the gland.

Lipomas represent 1% of parotid tumors; 57% of 
lipomas in the parotid area arise within the gland.29 
These lesions are compressible, oval, and well defined. 
On ultrasound, lipomas contain striped or feathered 
internal echoes devoid of color and Doppler flow.31

Lingual thyroid may appear as a homogeneous solid 
mass in the midline dorsum of the tongue. In 70% of 
cases, this ectopic tissue is the only functioning thyroid 
tissue.61

should also be performed in the area of the lesion to 
assess for metastatic-appearing lymph nodes. Wide surgi-
cal resection of low-grade lesions is the therapy of choice. 
In the presence of high-grade neoplasm, resection of the 
lesion, lymph node dissections, and radiotherapy may be 
required.

Other Masses

Neurofibromas are benign tumors of the nerve sheath. 
They may arise along any nerve, including the facial 
nerve within the parotid. Multiple or plexiform  

FIGURE 50-19. Submandibular pleomorphic adenoma. A, Submandibular gland containing a well-defined hypoechoic 
mass. B, CT scan shows a well-defined low-density lesion centered within the right submandibular gland.
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FIGURE 50-20. Parotid pleomorphic adenoma. A, Inhomogeneous, hypoechoic, well-defined parotid lesion with relatively 
hypovascular center. B, Coronal T2-weighted MR image shows well-defined, hyperintense lesion in the inferior right parotid.
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In the submandibular space laterally, branchial type 
2 cysts can be identified posterior to the submandibular 
gland. Lymphatic malformations may also extend into 
the space. Ranulae (sublingual cysts) are mucous reten-
tion cysts resulting from obstruction of the sublingual 
gland or duct. They present paramidline, in the area of 
the sublingual gland, as a painless swelling along the 
floor of the mouth. When large, sublingual cysts can 
extend below the level of the mylohyoid muscle, termed 
“plunging ranulae.”26,29 Rarely, the lesions are bilateral, 
and some large lesions extend into the parapharyngeal 
space. Imaging of a simple ranula on ultrasound demon-
strates a unilocular cyst (Fig. 50-22). If infected, the 
lesion may show internal debris, poorly defined borders, 
and adjacent inflammation. These lesions are managed 
with intraoral marsupialization or surgical resection.

Midline lesions in the suprahyoid area include 
dermoid or epidermoid tumors and thyroglossal duct 
cysts. A cyst of the vallecula results from retained 

Rhabdomyosarcoma occurs 40% of the time in the 
head and neck and can arise from any muscle. This is 
the second most common salivary gland area malignancy 
in the pediatric population.48 Salivary gland involvement 
is frequently by direct extension.60

Primary lymphoma of the salivary glands is termed 
MALToma, denoting origin from mucosa-associated 
lymphoid tissue. Patients with Sjögren’s syndrome and 
other autoimmune disease, including HIV, are at risk for 
primary lymphoma. Secondary involvement of lym-
phoma is rare, but more common in the parotid.62 Ultra-
sound demonstrates a focal mass or diffuse infiltration 
with an enlarged gland. Lesions may consist of multiple 
small, hypoechoic nodules or an irregularly shaped,  
heterogeneous mass without calcification or cystic dege-
neration.62 A reported case of submandibular gland 
involvement by MALToma showed hypoechoic com-
partments surrounded by hyperechoic lines, creating a 
tortoiseshell appearance.63 Increased color and Doppler 
flow is typical.

Leukemic infiltration is rare, presenting similar to 
lymphoma on ultrasound.

Metastatic disease is rare in children but would 
include neuroblastoma, squamous cell carcinoma, mela-
noma, and thyroid cancer43,64 (Fig. 50-21).

Suprahyoid Cystic Lesions

In the parotid space, type 1 branchial cysts are most 
common. Simple cysts of the salivary glands are rare and 
likely caused by mucous retention. On ultrasound, the 
lesions are well defined, anechoic, with posterior acoustic 
enhancement and no internal blood flow.18,64

FIGURE 50-21. Papillary thyroid cancer metastasis 
to parotid. Well-defined mass with punctate hyperechoic areas 
within the mass, typical of thyroid metastasis.

FIGURE 50-22. Ranulae. Well-defined anechoic lesion with 
acoustic enhancement centered between the sublingual glands in 
the floor of the mouth.

DIFFERENTIAL DIAGNOSIS OF 
SUPRAHYOID CYSTIC LESIONS

PAROTID SPACE
Branchial type I
Parotid retention cyst
Tumors

Warthin’s
Malignant

Lymph node necrosis
Lymphatic malformation

SUBMANDIBULAR SPACE
Branchial type II
Ranulae
Dermoid/epidermoid
Thyroglossal duct cyst
Vallecular cyst
Lymph node necrosis
Lymphatic malformation
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malformations. It is important to remember that the 
masseter and pterygoid muscles are often involved in 
venous malformations.69 An uncommon homogeneous 
mass to consider is benign hypertrophy of the masseter 
muscle.64 However, tumor infiltration of the muscle from 
leukemia or lymphoma can mimic hypertrophy; thus 
clinical correlation is essential (Fig. 50-24). In the pres-
ence of trauma, a hematoma appearing as a hypoechoic 
area may be demonstrated. Inflammatory masses also may 
develop, including secondary or primary myositis or 
osteomyelitis of the mandible, often in the presence of an 
infected tooth. Cellulitis and soft tissue abscesses may 
accompany these infections21,70 (Fig. 50-25).

secretions in the mucous glands of the pharyngeal wall.65 
These cysts can be congenital or acquired and can  
cause upper airway obstruction, resulting in death.66,67 
The lesions are midline and on sonography appear as a 
hypoechoic cystic mass, behind and below the tongue68 
(Fig. 50-23).

Masticator Space

Ultrasound is helpful in evaluating pathology in the mas-
ticator space as well as excluding parotid gland involve-
ment. The two most common soft tissue masses to consider 
in the masticator space are sarcomas and vascular 

FIGURE 50-23. Cyst of vallecula. A, Lateral 
airway film demonstrates round, soft tissue mass 
along the posterior tongue. B, Gray-scale ultra-
sound through the base of the tongue demonstrates 
a unilocular cyst with good through-transmission. 
C, Axial CT scan shows a simple cyst along the base 
of the tongue at the level of the vallecula.
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to the larynx and upper trachea.71,72 The common carotid 
arteries and internal jugular veins are present on the 
lateral edges, and the cervical esophagus is midline or to 
the left of the trachea. The thyroid gland contains two 
lobes and is connected by an isthmus. In 50% of 
patients, a pyramidal lobe extends superiorly from the 
isthmus.73 Four parathyroid glands lie along the poste-
rior surface of the thyroid lobes.

Ultrasound is performed with the patient supine and 
neck slightly hyperextended. A high-frequency linear 
array transducer (10-15 MHz) is necessary.73,74 A stand-
off pad may be helpful in older patients. Longitudinal 
and transverse imaging should be performed of the entire 
thyroid tissue. Doppler imaging may be considered in 
the examination of masses or nodules. Adjacent neck 
structures should be imaged, especially the jugular chain 
and supraclavicular nodes.

On ultrasound, the normal thyroid gland is homoge-
neous and hyperechoic compared to adjacent muscle 

INFRAHYOID SPACE

The infrahyoid deep cervical fascia is split into superfi-
cial, middle, and deep compartments14,29 (Fig. 50-26). 
The superficial layer at this level is the suprasternal 
space, lying above the sternum and anterior to the ster-
nothyroid and sternohyoid muscles. The visceral space 
is delineated by the middle layer of deep cervical fascia. 
The visceral space contains the thyroid, parathyroid, 
trachea, esophagus, paraesophageal lymph nodes, and 
recurrent laryngeal nerve.

Visceral Space

Normal Thyroid Anatomy

The thyroid gland originates as an outpouching in the 
foramen cecum at the base of the tongue. The tissue 
descends by the seventh week of gestation to lie anterior 
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FIGURE 50-24. Masseter muscle chloroma. 
A, Two-year-old child with bilateral masseter muscle enlarge-
ment. Ultrasound of the cheek demonstrates large masseter 
muscle but with unusually increased vascularity. B, Temporalis 
muscle shows abnormal enlargement and mild heterogeneity 
of the muscle. C, Axial CT confirms bilateral masseter muscle 
masses.
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is a nationwide program in the United States for neona-
tal screening. Congenital hypothyroidism is present in 
1 per 4000 infants and is twice as common in girls as in 
boys.73,77 Causes include agenesis, dysgenesis, and goiter 
from inborn error of metabolism, maternal thyrotoxico-
sis, or maternal ingestion of iodine, antithyroid medica-
tion, or lithium.40,73 About 85% of cases are caused by 
dysgenesis, either hypoplasia or ectopia.77 Sonography 
is the best imaging modality because it correctly defines 
the normal thyroid gland, which may be classified as 
large, normal, small, or absent. Large glands are typically 
goitrous. Normal-sized glands in children with congeni-
tal hypothyroidism have been observed in patients with 
pseudohypoparathyroidism or Down syndrome.77 Rarely 
(0.2% of cases), thyroid hemiagenesis can occur, with 
failure of development in both lobes, the left being 
absent in 60% of cases77,78 (Fig. 50-28). On ultrasound, 

(Fig. 50-27). The lobes of tissue are triangular on trans-
verse and elliptical on sagittal images. The size of the 
thyroid gland changes with age; Tables 50-1 and 50-2 
list normal values.75,76

Congenital Thyroid Lesions

Although some congenital thyroid lesions extend into 
both the suprahyoid and the infrahyoid space, the 
pathology is inherent to the thyroid.

Because untreated hypothyroidism can result in severe 
mental retardation and delayed bone development, there 

FIGURE 50-25. Masseter myositis caused by staphylococcus. A, Panoramic gray-scale ultrasound of the cheek shows 
heterogeneous echotexture and poorly defined planes between the masseter muscle and adjacent soft tissues. B, Axial T2-weighted fat-
saturated MR image demonstrates enlargement and abnormal hyperintense T2 signal of the right masseter and adjacent soft tissues.
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FIGURE 50-26. Deep cervical fascial layers of infra-
hyoid space. Axial diagram: 1, superficial; 2, middle (visceral); 
3, deep; 4, carotid; 5, sternocleidomastoid muscle (scm).
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FIGURE 50-27. Normal thyroid. Transverse sonogram of 
the thyroid gland demonstrates homogeneous, increased echotex-
ture compared to the sternohyoid and sternothyroid (SM) muscles. 
Normal right lobe, left lobe, and isthmus (I) identified. Trachea 
(T) is midline and esophagus (E) posterior to left lobe. Common 
carotid artery (C) is present along the peripheral margin.
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TABLE 50-1. NORMAL DIMENSIONS OF 
THE THYROID GLAND*

NO. SUBJECTS 
(MALE/FEMALE)

THICKNESS 
(cm)†

WIDTH 
(cm)†

Corrected Gestational Weeks
30-33 5 (4 : 1) 0.8 ± 0.1 1.1 ± 0.3
33-37 19 (13 : 6) 1.1 ± 0.3‡ 1.4 ± 0.3§

Height (cm)
45-50 42 (20 : 22) 1.4 ± 0.2‡ 1.7 ± 0.2‡
50-70 42 (27 : 15) 1.4 ± 0.1 1.8 ± 0.2
70-90 8 (6 : 2) 1.4 ± 0.1 1.9 ± 0.1
90-100 8 (3 : 5) 1.4 ± 0.1 1.8 ± 0.2

100-110 34 (12 : 22) 1.5 ± 0.3 2.1 ± 0.3
110-120 35 (20 : 15) 1.7 ± 0.3 2.3 ± 0.3
120-130 45 (23 : 22) 1.8 ± 0.4 2.4 ± 0.3
130-140 36 (21 : 15) 1.9 ± 0.5 2.7 ± 0.2
140-150 42 (20 : 22) 2.1 ± 0.4 2.8 ± 0.3
150-160 59 (25 : 34) 2.2 ± 0.4 2.8 ± 0.4
160-170 16 (14 : 2) 2.4 ± 0.4 3.0 ± 0.4

Compared with 30-33 weeks: ‡p <0.01; §p <0.05.
*As a function of corrected gestational weeks in premature neonates and as a 

function of height from neonates to adolescence.
†Mean ±1 standard deviation.
From Ueda D, Mitamura R, Suzuki N, et al. Sonographic imaging of the 

thyroid gland in congenital hypothyroidism. Pediatr Radiol 1992;22:102-105.

TABLE 50-2. VOLUME OF THYROID 
GLAND AND THICKNESS OF  

EACH LOBE*

HEIGHT 
(cm)

NO. 
SUBJECTS

VOLUME 
(cm)

RLT 
(cm)†

LLT 
(cm)†

≤99 16 2.3 ± 0.7 0.8 ± 0.17 0.8 ± 0.18
100-109 34 3.3 ± 1.0 0.8 ± 0.19 0.8 ± 0.21
110-119 35 4.1 ± 1.1 0.9 ± 0.17 0.9 ± 0.19
120-129 45 4.9 ± 1.1 0.9 ± 0.18 0.9 ± 0.20
130-139 36 6.3 ± 2.0 0.9 ± 0.25 1.0 ± 0.25
140-149 42 7.4 ± 2.2 1.0 ± 0.23 1.0 ± 0.23
150-159 59 8.5 ± 2.3 1.1 ± 0.23 1.0 ± 0.24
≥160 20 10.9 ± 2.5 1.2 ± 0.24 1.2 ± 0.25

*As a function of body height.
†Mean ±1 standard deviation; RLT, right lobe thickness; LLT, left lobe 

thickness.
From Ueda D. Normal volume of the thyroid gland in children. J Clin 

Ultrasound 1998;18:455-462.

FIGURE 50-28. Thyroid hemiagenesis. A, Normal left lobe of the thyroid is identified, but the right lobe is absent. Note that 
the right carotid and jugular vessels lie in the anatomic area of the right lobe. B, Iodine-123 nuclear medicine scan confirms presence of 
only a left thyroid lobe.
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if no thyroid gland can be identified, imaging should be 
performed superiorly in the midline to the base of the 
tongue because tissue may be present anywhere along the 
embryologic descent. Ectopic tissue is lingual and thus 
suprahyoid in 90% of cases, lying close to the hyoid bone 
and deep to the muscles of the tongue.78 Ultrasound 
imaging in the neonate with ectopic thyroid typically 
shows a well-defined ovoid structure equal in echotex-
ture to normal thyroid tissue and hyperemic on color 
Doppler (Fig. 50-29). In older children treated for hypo-
thyroidism in the presence of ectopic tissue, the gland 
may appear hypoechoic with no vascularity.79 Some chil-
dren with ectopic tissue are euthyroid and present with 
a mass at the base of the tongue. It is important to  

identify this tissue as thyroid because removal in the 
absence of other thyroid tissue will result in a hypothy-
roid individual. When ultrasound is unable to identify 
ectopic thyroid tissue, a nuclear medicine scan, given the 
high sensitivity, may be employed79,80 (Fig. 50-30).

Thyroglossal duct cyst (TDC), representing 70% of 
all congenital neck masses, is the most common midline 
cyst and developmental anomaly identified by ultra-
sound.43,78,81 The anatomy of the thyroglossal duct 
follows the pathway of embryology from the foramen 
cecum of the tongue, along the inferior and posterior 
surface of the midline hyoid, to the pyramidal lobe of 
the thyroid. Persistence of the duct, which is lined by 
secretory epithelium, results in cyst or sinus formation. 
The majority of TDCs are present adjacent to the hyoid 
bone as an asymptomatic mass,57,82 although they can be 
located at any point of descent. Anatomically, most are 
located midline or parasagittal, particularly to the left of 
midline. If a cyst is suprahyoid, the lesion will elevate 
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echotexture from debris83,86 (Fig. 50-32). There is a 1% 
increased risk of cancer, primarily papillary, and calcifi-
cation or a soft tissue mass in the presence of a cyst 
should raise suspicion.69,81,87 Therapy is surgical resection 
with the Sistrunk procedure, which involves excision of 
cyst, remnant tract, and part of the hyoid bone.88

Differential diagnosis for cystic lesions in the  
infra hyoid space includes thyroglossal duct cyst,  
dermoid, epidermoid, branchial cyst, lymphatic malfor-
mation, laryngocele, necrotic adenopathy, teratoma, and 
thymic cyst.

FIGURE 50-29. Ectopic thyroid. A, Submental mass in 3-month-old infant known to be hypothyroid. Ultrasound at site of lump 
shows homogeneous soft tissue mass equal in echotexture to normal thyroid. B, Color Doppler sonogram of the lesion demonstrates 
intense vascularity.
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FIGURE 50-30. Ectopic thyroid. Anterior image of 99mTc-
pertechnetate scan confirms lingual thyroid and lack of normal 
anatomic thyroid tissue.

with tongue movement.43 Congenital fistulas in associa-
tion with TDC are infrequent but can occur after 
inflammation.83

The classic sonographic appearance of TDC is noted 
in less than half of cases and includes a thin-walled, 
anechoic unilocular lesion. Typically, however, TDCs, 
caused by high protein content rather than inflamma-
tion, are hypoechoic or heterogeneous, some appearing 
pseudosolid and mimicking ectopic tissue83-85 (Fig. 
50-31). Posterior acoustic enhancement is present in 
most cysts, and absence of color Doppler flow can be 
helpful in the diagnosis. However, demonstration of a 
normal thyroid gland while imaging TDCs is recom-
mended to exclude the diagnosis of ectopic tissue. Up  
to one third of patients with TDC will develop super-
imposed infection and demonstrate imaging findings  
of thick walls, internal septation, and heterogeneous 

DIFFERENTIAL DIAGNOSIS FOR 
INFRAHYOID CYSTIC LESIONS

MIDLINE
Thyroglossal duct cyst
Dermoid/epidermoid

LATERAL
Branchial cyst
Lymphatic malformation
Laryngocele
Thyroglossal duct cyst
Adenopathy, necrotic
Teratoma
Thymic cyst

Inflammatory Thyroid Disease

Acute bacterial infection of the thyroid is rare because 
the gland is highly resistant to infection.89,90 If present, 
infection is usually caused by staphylococci, streptococci, 
or anaerobic bacteria. On sonography, the gland dem-
onstrates heterogeneous, poorly defined echotexture. If 
the left lobe of the thyroid is abnormal, a congenital 
piriform sinus, type III or IV branchial apparatus 
remnant, should be considered89-91 (Fig. 50-33). These 
patients usually present between age 2 and 12 years with 
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FIGURE 50-31. Thyroglossal duct cyst. A, Large, left paramidline, infrahyoid unilocular cystic mass with small, ectopic thyroid 
tissue posteriorly (arrow). B, Elliptical lesion in midline anterior to the trachea shows internal heterogeneous echotexture with good 
through-transmission and lack of color flow. C, Color Doppler sonogram shows avascular, solid-appearing lesion, infrahyoid left parasagit-
tal, with subtle through-transmission.
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FIGURE 50-32. Infected thyroglossal duct cyst. A, Complex midline lesion anterior to the trachea shows heterogeneous 
echotexture with internal septations and thick wall. B, Color Doppler ultrasound demonstrates vascularity around the periphery of the 
complex mass.
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enlarged thyroid gland, exophthalmos, and hyperthy-
roidism. Fetuses and neonates born to mothers with 
Graves’ disease are also at risk for transient thyroid  
dysfunction and goiter because of transfer of thyroid-
stimulating immunoglobulins.77,92 During ultrasound 
examination, patients with Graves’ disease demonstrate 
enlargement of the gland, which appears heterogeneous 
and diffusely hypoechoic. Doppler imaging demon-
strates intense hypervascularity, also known as “thyroid 
inferno”78 (Fig. 50-35). Doppler waveform shows 
increased PSV and decreased RI.93

Neoplasm and Common  
Thyroid Masses

Thyroid nodules in pediatrics are uncommon; with an 
incidence of 1.5%.94 Most children present with an 
asymptomatic palpable nodule in the presence of normal 
thyroid function.95 In a child or adolescent, a solitary 
nodule should be approached with suspicion because 
there is a 33% risk of malignancy.92 Ultrasound and 
radionuclide scintigraphy are the primary methods of 
imaging thyroid nodules. Fine-needle aspiration (FNA), 
especially with ultrasound guidance, may be helpful and 

fever, sore throat, and swelling in the lower neck. On 
ultrasound, the left lobe of the thyroid gland may be 
heterogeneous. If an abscess has developed, typically a 
focal hypoechoic lesion is surrounded by hyperemia in 
the left perithyroid area.73,78,89,90

Hashimoto’s thyroiditis is the most common cause 
of thyroid disease in children and adolescents.64 It is an 
autoimmune disorder caused by circulating antibodies. 
Injury to the gland results in a diffuse lymphocytic and 
plasma cell infiltration. The process is more common in 
girls than boys, with a family history of thyroid disease 
in one fourth of cases.77,92 Clinically, the patient presents 
with painless enlargement of the thyroid. Although in 
the acute phase the patient may be hyperthyroid, most 
patients are hypothyroid at presentation. Hashimoto’s 
thyroiditis may be associated with several syndromes 
(e.g., Turner, Noonan, Down) and has been described 
in patients with juvenile diabetes, receiving phenytoin 
therapy, and with Hodgkin’s disease.73 On ultrasound, 
the gland is enlarged with lobular margins and contains 
coarse septations and multiple hypoechoic micronodules 
measuring 1 to 6 mm in diameter78 (Fig. 50-34). Normal, 
increased, or deceased color Doppler waveforms may be 
present. Adjacent cervical adenopathy is often noted. 
The majority of these patients have spontaneous resolu-
tion of symptoms.

De Quervain’s thyroiditis, also known as focal thy-
roiditis, is an uncommon form of subacute thyroiditis 
likely caused by a viral infection.71 Granulomatous 
inflammation of the gland results in thyromegaly and 
heterogeneous echogenicity.

Graves’ disease is an autoimmune disease caused 
by thyroid-stimulated immunoglobulin binding to the 
thyroid-stimulating hormone (TSH) receptor, increas-
ing the production of thyroid hormone. There is fre-
quently a family history. It is more common in girls (5:1 
female/male ratio) and has a peak incidence in adoles-
cence, ages 11 to 15 years.73,77 Children present with an 

FIGURE 50-33. Type IV branchial sinus abscess. A, Hypoechoic, poorly defined collection in left anterior neck distorting 
muscle and soft tissue planes and inseparable, compressing the left thyroid gland. B, Axial CT scan at same level demonstrates inhomo-
geneously enhancing phlegmon adjacent to left lobe of thyroid.

A B

FIGURE 50-34. Hashimoto’s thyroiditis. Thyroid 
imaging with color Doppler ultrasound shows lobular enlarge-
ment, coarse pattern with multiple hypoechoic areas, and mildly 
increased vascularity.
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ultrasound, color Doppler flow imaging may be helpful 
to evaluate for injury to adjacent vessels.98

Follicular adenomas, the most common benign 
lesions of the thyroid, arise from an overproliferation of 
follicular cells (hyperplasia).78,94 Lesions may be solitary 
or multinodular, are round and well defined, and have 
decreased, increased, or honeycomb echotexture. About 
60% of adenomas demonstrate a peripheral, 1-to 2-mm 
hypoechoic halo caused by a fibrous capsule and periph-
eral blood vessels best delineated with color Doppler 
sonography78,99 (Fig. 50-38). Many of these masses 
contain cystic areas resulting from hemorrhage or necro-
sis. Nuclear medicine studies show variable uptake, with 

has 80% to 95% accuracy for defining pathology in 
pediatric cases.94-96 If FNA is not diagnostic, surgical 
excision may be required. Figure 50-36 provides a simple 
guideline for management of thyroid lesions.71

A pseudonodule of the thyroid can be produced by 
uncalcified cricoid cartilage. On sagittal imaging, the 
cricoid can appear as a round or oval mass, similar in 
echotexture to the normal thyroid and posteromedial to 
the gland.97

Although uncommon, hemorrhage within the 
thyroid, related to direct or indirect trauma, can mimic 
a nodule. The hematoma on sonography typically 
appears heterogeneous and hypoechoic (Fig. 50-37). At 

FIGURE 50-35. Graves’ disease. A, Thyroid is hypoechoic and swollen, right lobe greater than left. B, Color Doppler ultrasound 
demonstrates “thyroid inferno.”
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FIGURE 50-36. Guideline for investigation of a thyroid nodule. FNA, Fine-needle aspiration.
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Multinodular (adenomatous) goiter in children is 
uncommon but typically is diagnosed in adolescent girls 
near puberty.101 In adults the etiology has been linked to 
iodine deficiency. In children, genetic susceptibility is 
more common.102 Multinodular goiter has been described 
in patients with renal cystic disease, polydactyly, Hashi-
moto’s thyroiditis, McCune-Albright syndrome, and 
previous radiation therapy.101 At presentation, children 
are typically euthyroid and clinically are diagnosed with 
a palpable nodule or nodules. On ultrasound, the nodules 
show variable heterogeneity with macronodular or 
micronodular formation (Fig. 50-40). Some may become 
cystic because of necrosis or hemorrhage.101 Continued 
ultrasound monitoring of these patients is warranted 
given the increased risk for nonmedullary cancer.102

Cancer of the thyroid before age 15 years represents 
1.5% of all malignancies.78,93 Among girls 15 to 19 years 

some follicular adenomas demonstrating intense activity. 
Despite benign imaging characteristics, these lesions can 
be difficult to differentiate from malignancy.73

Degenerative cysts are likely the result of necrosis 
within benign thyroid nodules. Most of these lesions are 
complex with mixed echotexture, thick irregular wall, 
septations, and in some cases, fluid-fluid levels from 
previous hemorrhage. Bright, echogenic internal areas 
result from colloid material, sometimes creating comet-
tail artifacts73,74 (Fig. 50-39). Calcifications in degenera-
tive lesions may create echogenic foci of acoustic 
shadowing or peripheral eggshell calcifications. Doppler 
sonography typically shows peripheral vascularity, and 
nuclear medicine studies demonstrate variable uptake. 
Because malignancy may present as a cystic mass, close 
follow-up imaging and surgical diagnosis are typically 
indicated.92,100

FIGURE 50-37. Thyroid hematoma. A, Teenage girl was elbowed in the left neck and developed a lump. Imaging of left lobe 
of thyroid demonstrates heterogeneous, well-defined, round avascular lesion. B, Axial CT scan shows hematoma replacing most of the 
left lobe.
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FIGURE 50-38. Thyroid follicular adenoma. A, Round, well-defined, almost-isoechoic lesion in the left lobe of the thyroid 
demonstrates a peripheral halo of decreased echogenicity. B, Color Doppler sonogram of mass demonstrates peripheral vascularity.

A B
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usually at an advanced tumor stage, with lymph node 
involvement in 50% to 80% and metastasis to the lung 
in 6% to 18%.78,96,105

With sonography, it can be difficult to differentiate 
benign from malignant thyroid masses. Helpful differ-
entiating ultrasound criteria for malignancy include  
predominantly solid lesion; presence of calcification, 
especially microcalcifications; hypoechogenicity; irregu-
lar margins; large height/width ratio; absence of periph-
eral halo; intranodular vascularity; and associated 
abnormal lymph nodes.106-110 In their study of thyroid 
lesions in children, however, Lyshchik et al.103 found that 
for nodules 15 mm or less in size, the most helpful 
sonographic findings to support malignancy were irregu-
lar tumor outline, subcapsular location, and increased 
intranodular vascularity. On the other hand, masses 
larger than 15 mm were difficult to diagnose with sonog-
raphy, with the only reliable criterion being hypoecho-
genicity. On sonography, round laminated calcifications 
can be seen in 35% of papillary cancers. Follicular 
cancers often mimic adenomas.99 Adjacent lymph nodes 
should always be inspected and, in the presence of cal-
cification, are a concern for metastatic disease.

of age, thyroid cancer is the second most common malig-
nancy.103 Factors that increase of risk of malignancy 
include genetic predisposition and radiation exposure, 
especially in patients with bone marrow transplant.73 
The irradiated thyroid can show a spectrum of abnor-
malities, from cysts to benign or malignant nodules (Fig. 
50-41). Incidence of thyroid cancer after irradiation may 
increase more than 20-fold, and mean latency period is 
about 15 years.96 Risk factors in the presence of radiation 
include female gender, younger age at irradiation, and 
longer time since irradiation.104 Clinically, patients with 
thyroid cancer present with a palpable nodule or cervical 
adenopathy and rarely, hoarseness or pain. Papillary 
cancer, the most common pediatric thyroid neoplasm, 
represents 80% of all cases and can be multicentric in 
20% of cases (Fig. 50-42). Metastatic disease with papil-
lary tumor is through the lymphatics. Follicular cancer 
represents 17% of thyroid cancers and metastasizes 
through the bloodstream. Medullary cancers, the 
remaining 2% to 3%, secrete calcitonin and are typically 
diagnosed in patients with a strong family history or 
features of multiple endocrine neoplasia type II (MEN 
II). At presentation, children with medullary cancer are 

FIGURE 50-39. Thyroid degenerative (colloid) cyst. A, Avascular, well-defined, round, hypoechoic lesion with internal 
echoes but good through-transmission. B, Hypoechoic lesion in right lobe of thyroid demonstrates comet-tail artifact (arrow).
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FIGURE 50-40. Multinodular goiter. Thyroid demon-
strates heterogeneous hyperechogenic nodule within the left lobe 
and small, hypoechoic lesions in the isthmus. Enlarged and het-
erogeneous right lobe also noted.

FIGURE 50-41. Multinodular gland from radia-
tion. Right lobe of the thyroid shows multinodular architecture 
after neck radiation for Ewing’s sarcoma.
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a good prognosis, with 10-year survival greater than 95% 
when treated with total thyroidectomy, lymph node  
dissection, and postoperative iodine therapy.96

Other pediatric thyroid neoplasms include lymphoma 
and teratoma. In pediatric patients with Hashimoto’s 
thyroiditis and a solitary or multiple hypoechoic lesions, 
lymphoma should be a primary consideration.78

Parathyroid Glands

The parathyroid glands are two paired endocrine glands 
arising from the third and fourth branchial pouches.111 
Normal parathyroid tissue is infrequently identified 
separate from the thyroid because their echotexture  
is similar. Sonographic imaging of the parathyroid may 
be helpful in the presence of primary or secondary 
hyperparathyroidism. Parathyroid adenomas are rare 
in children but the most common cause of primary 
hyperparathyroidism.112-114 Children with chronic renal 
failure may develop a multinodular gland hyperplasia 
caused by secondary hyperparathyroidism.115 Ultrasound 

Nuclear medicine has been used to guide therapy 
because “cold” nodules on scintigraphy are suspicious for 
malignancy. Although “hot” nodules on nuclear medi-
cine are usually not malignant, exceptions occur56,92 (Fig. 
50-43). Solid nodules in children should be biopsied 
and surgically excised to exclude malignancy. In general, 
thyroid neoplasms (excluding the medullary type) have 
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FIGURE 50-42. Thyroid cancer, pap-
illary type. A, Large, subcapsular heteroge-
neous mass with intranodular vascularity.  
B, 99mTc-pertechnetate scan demonstrates 
cold area in left lobe inferiorly at site of mass. 
C, Axial T1-weighted postgadolinium MR 
image shows heterogeneously enhancing mass 
in left lobe of the thyroid.

MALIGNANT THYROID NODULE: 
SONOGRAPHIC CHARACTERISTICS

Predominantly solid lesion
Presence of calcification, especially 

microcalcifications
Hypoechogenicity
Irregular margins
Large height/width ratio
Absence of peripheral halo
Intranodular vascularity
Associated abnormal lymph nodes
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is a 15% association with neoplasm.81 Children typically 
present with airway obstruction or feeding difficulties.

LACKING DEFINITION BY  
THE HYOID

The carotid space and deep cervical fascial layers extend 
above and below the hyoid bone.13,14 The carotid space, 
enveloped by all three layers, extends from the skull base 
to aortic arch. Its contents include the internal carotid 
artery, jugular vein, cranial nerves IX to XII (vagus nerve, 
X), and deep cervical lymph node chain. The retropha-
ryngeal and prevertebral spaces extend from the skull 
base to the level of the third thoracic (T3) vertebral body. 
The danger space is within the retropharyngeal space 
where a pathway exists for infection to spread inferiorly 
into the posterior mediastinum. The retropharyngeal 
space contains primarily lymph nodes, whereas the  
prevertebral space contains vertebral bodies, spinal cord, 
paraspinal and scalene muscles, and vertebral artery and 
vein. These spaces are not discussed separately because 
many diseases, especially nodal, involve multiple spaces 
simultaneously.

Congenital Abnormalities

Branchial Anomalies

The branchial (pharyngeal) apparatus develops 
between the fourth and sixth week of gestation. The 
structure consists of six pairs of mesodermal branchial 
arches separated by five paired internal endodermal pha-
ryngeal pouches and five paired external ectodermal 

is 80% to 90% sensitive in detecting parathyroid tumors 
and gland enlargement.112 The typical sonographic 
imaging of an adenoma and hyperplasia are similar, 
appearing as an oblong, sharply demarcated, hypoechoic 
solid mass aligned craniocaudal and posterior to the 
thyroid116 (Fig. 50-44). Less frequently, the mass may be 
cystic, calcified, multilobular, and giant.43 Enlargement 
of the adjacent inferior thyroid artery may be identified 
as an arc of vascularity, providing clues to diagnosis of 
an adenoma.117 Because 20% of the parathyroid tissue 
can be ectopic, MRI may be considered if ultrasound is 
unsuccessful in identifying the lesion.118

Other Lesions of the Visceral Space

Foregut cysts represent defective budding of the respira-
tory or intestinal tract. Bronchogenic cysts are usually 
mediastinal and rarely may present as a mass in the lower 
neck.82,119 Esophageal cysts are typically centered close to 
the esophageal wall. Foregut lesions usually present as a 
palpable lump but can enlarge rapidly, causing airway 
obstruction and dysphasia.120 With sonography, the 
lesions are typically unilocular but may be complicated by 
hemorrhage and infection, especially in the presence of 
persistent communication with the airway or esophagus.

Laryngoceles are air/fluid-filled dilations of the laryn-
geal saccule, a small pouch arising from the roof of the 
laryngeal ventricle.81 Internal laryngoceles remain within 
the larynx, whereas external masses project through the 
thyrohyoid membrane.121 When the laryngeal saccule is 
totally obstructed, the outpouching will appear as a 
smooth-walled anechoic mass projecting into the endo-
laryngeal or preepiglottic space.121 In 8% to 10% of cases, 
laryngoceles develop superimposed infection, and there 

FIGURE 50-43. Thyroid cancer, papillary type. A, Heterogeneous, well-defined right thyroid lobe nodule with peripheral 
halo, favored to represent follicular adenoma. B, 99mTc-pertechnetate scan demonstrates increased uptake, suggesting hyperfunctioning 
adenoma. Pathology diagnosis was cancer.
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Second branchial anomalies represent 95% of all 
branchial apparatus malformations; 10% are bilat-
eral.127,128 Cysts of the type II branchial anomaly result 
from persistence of the cervical sinus.122,123,127 During 
development of the branchial apparatus, the second arch 
expands downward to meet and merge with the fifth 
arch, thus covering the second, third, and fourth arches 
and forming a cervical sinus of His.111,123 Because of this 
embryology, many anatomic type II cysts are possible. 
These cysts are differentiated (Bailey) into four types.122 
Type I is deep to the platysma muscle. Type II, the  
most common, is anterior to the sternocleidomastoid, 
posterior to the submandibular gland, and lateral to  
the carotid sheath (Fig. 50-46). Type III lies between the 
internal and external carotid arteries, posteromedial to 
the sternocleidomastoid and lateral to the pharynx. Type 
IV is adjacent to the pharyngeal wall.

Third and fourth branchial anomalies are rare. 
Third branchial apparatus cysts are typically located  
posterior to the carotid artery and jugular vein.129 Third 

branchial clefts, or grooves. Table 50-3 lists the origin 
of structures from the branchial apparatus.111,122,123 
Abnormalities in development of this apparatus may 
result in the formation of a cyst, sinus tract, or fistula, 
although most present as cysts.124,125 Branchial anomalies 
are the second most common congenital head and neck 
lesions in children, with the majority arising from the 
type II apparatus.125 On sonography, branchial malfor-
mations typically appear as a simple or complex cyst with 
good through-transmission.126 These lesions are suscep-
tible to hemorrhage or superimposed infection, but pre-
disposition to cancer remains controversial.81 Treatment 
of choice is surgical resection.122

First branchial anomalies are 8% of all anomalies 
and present as a cyst or sinuses adjacent to the external 
auditory canal or parotid gland or along the pinnae, 
extending to the level of the mandible angle (Fig. 50-45). 
These lesions can be superficial or deep, even embedded 
into the parotid gland.122,127 Some demonstrate a tract to 
the external auditory canal.

FIGURE 50-44. Parathyroid adenoma and hyperplasia. A, Patient with hyperparathyroidism demonstrates a hypoechoic 
nodule (arrow) posterior to the thyroid gland. B, Axial T1-weighted postgadolinium MR image shows enhancing nodule (arrow) posterior 
to right lobe of thyroid. C, Patient with renal failure shows hypoechoic lenticular lesions posterior to thyroid, consistent with parathyroid 
gland hyperplasia.
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heterogeneous because of inflammation from infection. 
In some cases, there is an air-containing intrathyroid or 
perithyroid cystic mass, representing a complicating 
abscess57 (see Fig. 50-33). CT with oral barium or air is 
beneficial to define the tract usually inconspicuous on 
sonography.89

Ectopic Thymus

The thymus gland arises in the sixth week of gestation 
as outpouchings of primarily the third and a small 
portion of the fourth pharyngeal pouches.81 Caudal elon-
gation leads to the formation of tubular structures known 
as the thymopharyngeal ducts. By the ninth week, 
migration followed by obliteration of the duct occurs 
from the angle of the mandible, along the carotid  
sheath, to the level of the superior mediastinum because 
of attachment to the pericardium. The resulting solid 
masses fuse to form thymus tissue anatomically located 
below the thyroid gland.131 Thymic lesions typically 
present between 2 and 13 years of age as asymptomatic 
masses. These lesions are more common on the left side 
and can be located anywhere along the course of 
descent.123,131 The ectopic thymus can be differentiated 
from other masses with sonography because of isoecho-
genicity with normal thymus, sharp angulated margins, 
parallel septa, pliability, lack of mass effect, and absence 
of central hilum with color Doppler imaging131 (Fig. 
50-47). Occasionally, a bridge of tissue can be defined 
between normal thymus and a cervical mass.43

With persistence of the thymopharyngeal duct, a 
thymic cyst may occur.87,111 Approximately 50% of cer-
vical cysts are in continuity with a mediastinal mass.43,132 
On ultrasound, the lesions are typically large, unilocular 
or multilocular cysts intimately associated with the 

FIGURE 50-45. Type I branchial cyst. A, 7 year old presents with right ear swelling and pain. Longitudinal sonogram demonstrates 
poorly defined heterogeneous hypoechoic lesion superficial to the parotid gland. B, Axial CT scan obtained after 2 weeks of antibiotics 
confirms well-defined cystic lesion superficial to the parotid, which is enhancing asymmetrically due to resolving inflammation.
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TABLE 50-3. SIMPLIFIED 
CLASSIFICATION OF BRANCHIAL 

APPARATUS DERIVATIVES*: NORMAL 
ANATOMIC STRUCTURES FORMED

CLEFT ARCH POUCH

1st EAC Mandible, muscles of mastication, 
malleus, incus, auricle eustachian tube, 
mastoid of EAC, mandibular division 
cranial nerve V, tympanic cavity

2nd Rudimentary Muscles of facial expression, body and 
lesser horn of the palatine tonsil, 
hyoid, stapes, cranial nerves VII and 
VIII

3rd Rudimentary Superior constrictor muscles, internal 
carotid artery, inferior parathyroid, 
greater horn and body of hyoid, cranial 
nerve IX, piriform sinus, thymus

4th Rudimentary Thyroid and cuneiform cartilage, aortic 
arch, right superior parathyroid, apex, 
subclavian artery, laryngeal muscles, 
cranial nerve X, piriform sinus

5th Rudimentary Rudimentary parafollicular cells of 
thyroid gland

6th — Arytenoids and cricoid cartilages and 
cranial nerve X

EAC, External auditory canal.
*Six pairs of branchial arches separated by five paired pharyngeal pouches 

internally and five paired branchial clefts externally.

and fourth anomalies can present as a piriform sinus or 
fistula. The anatomy of the lesion is primarily a left-sided 
tract extending from the piriform sinus to the anterior 
lower neck adjacent to the thyroid.89,130 Patients may 
present with recurrent neck infection or suppurative  
thyroiditis.89 On sonography, the thyroid often appears 
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walled unilocular mass with internal echoes and minimal 
posterior echo enhancement43,52 (Fig. 50-49). Surgical 
resection is recommended because these anomalies are at 
risk for rupture or infection, and 5% will undergo malig-
nant degeneration to squamous cell neoplasms.81,86

Teratomas

Cervical teratomas are rare, occurring in 1 in 40,000 
live births but representing 5% to 14% of all neonatal 
teratomas.133-135 These lesions are believed to arise from 
pluripotential cells of two or three germ layers isolated 
at sites distant to the anatomic site of origin.54,133 About 
90% of childhood teratomas consist of all three germ 
layers with variable differentiation, and 75% to 85%  
of head and neck tumors contain neuroectodermal 
tissue.133 Most cervical teratomas are benign, with 
rare malignant diagnosis.54,135 These lesions typically 
present as a large, infiltrative cystic and solid mass in the 
anterior and lateral neck.12,135 Airway impingement is the 
most common cause of morbidity; therefore prenatal 

carotid space, often splaying the carotid artery and 
jugular vein122,132 (Fig. 50-48). Intralesional debris can 
occur in the presence of hemorrhage or infection.89 
There are no reports of associated neoplasm.81

Dermoid/Epidermoid

Dermoid/epidermoid lesions represent 7% of head and 
neck lesions and 25% of midline cervical anomalies.81,86 
These lesions develop when there is inclusion of ectoder-
mal tissue during the fusion of the branchial arches.123,133 
Dermoid cysts contain two germ layers, both ectoderm 
and mesoderm; whereas epidermoid cysts consist of 
only one germ layer, ectoderm.87,124 Although the major-
ity of these masses are found around the orbit or adjacent 
to the nose, approximately 11% of these cysts will present 
in the floor of the mouth in the submandibular space.81 
When imaging the neck, most present as painless midline 
neck masses in the floor of the mouth, or less often, 
thyroidal, suprasternal, or suboccipital.43 Ultrasound of 
these lesions demonstrates a well-circumscribed, thin-

FIGURE 50-46. Type II branchial cyst. A, Unilocular, anechoic, thin-walled cystic lesion with through-transmission in the right 
neck adjacent to sternocleidomastoid muscle. B, Axial CT demonstrates the cyst in typical type II location, posterior to the submandibular 
gland and anterolateral to the sternocleidomastoid muscle.
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FIGURE 50-47. Ectopic thymus tissue. A, Angular soft tissue mass with thin septae in the carotid space splaying the carotid 
artery (A) and jugular vein (V). B, Axial T2-weighted MR image shows soft tissue in the left carotid space, which was equal in signal to 
thymus in the superior mediastinum.
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FIGURE 50-48. Complicated thymic cyst. A, Complex cystic mass with septation and thick peripheral wall splaying carotid 
artery and jugular vein. B, Axial CT scan shows complex mass at thoracic inlet displacing thyroid and airway.

A B
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FIGURE 50-49. Dermoid cyst. A, Well-defined, avascular, left 
paramidline, submandibular space lesion containing internal echoes 
and minimal posterior through-transmission. B, Longitudinal image 
shows complex internal architecture. C, CT image suggests lesion is 
centered in the left tongue.
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vessels.55 CT scans may be helpful when a patient cannot 
be sedated, to evaluate for intralesional calcification and 
bone changes. Because of soft tissue definition, multipla-
nar capabilities, and ability to define high-flow vessels, 
MRI is the preferred imaging modality for vascular 
malformations.50,55

Lymphatic malformations, originating from seques-
tered embryonic lymph sac, are composed of primitive 
lymphatic spaces of varying sizes separated by connective 
tissue stroma.122 Formerly, microcystic lesions were 
termed “lymphangiomas” and macrocystic anomalies 

identification of the lesion may help define management 
at delivery.135,136 Sonography demonstrates a multilocu-
lar heterogeneous mass containing solid and cystic com-
ponents, with calcifications in 50% of cases135-137 (Fig. 
50-50). Prognosis is almost 100% mortality if the lesions 
are not immediately managed and resected.136,138

Vascular Malformations or Tumors

In 1982, Mulliken and Glowacki50 proposed a new clas-
sification, separating vascular anomalies into two groups, 
tumors versus malformations, based on lesion growth 
patterns. Vascular lesions that grow in proportion to the 
child and do not involute are considered malforma-
tions. Vascular masses that proliferate rapidly and can 
involute are regarded as tumors.53 Infantile hemangio-
mas, described previously, are considered tumors. It is 
also significant to note that if one or multiple hemangio-
mas are present in a trigeminal dermatome distribution, 
the clinician should consider PHACES syndrome 
(posterior fossa malformations, hemangiomas, arterial 
anomalies, coarctation of aorta and cardiac defects, eye 
abnormalities, sternal notching).49

Vascular malformations represent a spectrum of endo-
thelial lesions ranging from purely vascular to lymphatic. 
Vascular malformations consist of combined, lymphatic, 
capillary, venous, and arterial elements.50 These malfor-
mations can be further subdivided based on flow. Fast-
flow malformations mainly contain arterial components. 
All other types are considered slow–flow malforma-
tions.53 Gray-scale and color and duplex Doppler ultra-
sound can help determine whether the anomaly is cystic 
or solid and can identify the presence of high-flow 

FIGURE 50-50. Cervical teratoma. A, Poor definition of soft tissue planes caused by a complex infiltrative mass containing cystic, 
solid, and calcified areas (arrow). B, Axial T2-weighted MR image shows complex cystic and solid mass infiltrating the parotid, masseter, 
submandibular, parapharyngeal, and carotid space soft tissues.

A B

BINARY CLASSIFICATION OF 
VASCULAR ANOMALIES

TUMORS
Hemangioma
Hemangioendothelioma
Angiosarcoma
Miscellaneous

MALFORMATIONS
Slow Flow
Capillary
Lymphatic
Venous

Fast Flow
Arterial
Combined

From International Society for the Study of Vascular 
Anomalies.
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Although most children with lymphatic malformation 
have a normal karyotype, several syndromes are associ-
ated (e.g., Turner, Down, Noonan, Roberts), as well as 
trisomy 13 and 18.124 On ultrasound, most lymphatic 
malformations are multiloculated cystic masses with 
septa of variable thickness and solid components52 (Fig. 
50-51). Fluid-fluid levels or echogenic debris can result 
from superimposed hemorrhage or infection (Fig. 50-52). 
MRI provides the optimum tissue characterization and 
anatomy of the lesion before surgical intervention.139 
Surgical resection is the treatment of choice but can be 
difficult if the lesion invades neural, vascular, and mus-
cular structures; therefore sclerotherapy, radiofrequency 
ablation, and laser therapy are other options.53,139

Venous malformations are soft, compressible lesions 
that may distend with increased venous pressure (Val-
salva maneuver). About 40% of these lesions present in 
the head and neck, and many invade multiple fascial 
planes and involve osseous structures.55 These lesions, 

called “cystic hygromas.” However, it is now believed 
that lesion cyst size is likely caused by the stromal envi-
ronment rather than lesion behavior.87 These terms are 
outdated and should be considered together under lym-
phatic malformations. Some lymphatic malformations 
are diagnosed prenatally, with 90% presenting by age 2 
years.49 Clinically, the skin is usually normal but may 
have a bluish hue, puckering, or tiny vesicles.49,55 These 
lesions can be diffuse or focal, tend to invade multiple 
anatomic facial planes, and will rapidly enlarge if com-
plicated by hemorrhage or infection. Hypertrophy and 
intraosseous invasion of adjacent bone, usually the man-
dible, can occur.

About 75% of lymphatic lesions occur in the neck, and 
most originate within the posterior triangle or oral cavity, 
with lesions occurring on the left side twice as often as 
on the right side.43,53,69 Of infants with lymphatic mal-
formations, 3% to 10% have airway compromise from 
respiratory obstruction or mediastinal extension.49,52,54 

FIGURE 50-51. Lymphatic malformation. A, Multilocular cystic lesion extending posterior to the left lobe of the thyroid and 
distorting the airway. B, Coronal reformatted CT demonstrates a multilocular cystic mass in the left neck causing rightward compression 
and narrowing of the airway (arrow).
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FIGURE 50-52. Lymphatic malformation. A, Infiltrative hypovascular multilocular cystic lesion with internal echoes. B, Axial 
T2-weighted MR image shows multiseptated cystic lesion containing fluid-fluid levels consistent with prior hemorrhage.

A B
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FIGURE 50-53. Venolymphatic malformation in patient with Klippel-Trénaunay syndrome. A, Multiple small, 
cystic areas and infiltrating soft tissue with anomalous vessels on color Doppler sonogram in neonate. B, Axial proton-density MRI 3 
months later shows bilateral neck involvement and enlargement of the cystic spaces, now containing fluid-fluid levels related to prior 
hemorrhage.
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appearing clinically as soft, bluish, compressible masses, 
consist of thin-walled, dilated, dysplastic, small and  
large venous channels deficient in smooth muscle.43 
Rapid enlargement may occur secondary to phlebo-
thrombosis.49 These malformations have been seen 
in conjunction with intracranial venous anomalies,140 
blue rubber bleb nevus, and Maffucci’s syndrome. 
Klippel-Trénaunay and Sturge-Weber (Parkes Weber) 
syndromes have combined capillary and lymphatic com-
ponents (Fig. 50-53). Phleboliths are present in 16% of 
cases and can help confirm the diagnosis. Ultrasound 
demonstrates hypoechoic lesions with heterogeneous 
architecture. Acoustic shadowing secondary to phlebo-
liths and fluid-fluid levels may be identified53 (Fig. 
50-54). On Doppler sonography, venous low-velocity 
flow is identified. Treatment includes elastic compres-
sion, sclerotherapy, and surgical excision.49

Arteriovenous malformations (AVMs) represent 
collections of abnormal, thin-walled vessels connecting 
dilated feeding arteries to draining veins. These lesions 
may be centered in cutaneous, muscular, or intraosseous 
structures. Clinically, a blush hyperemia and thrill or 
bruit may be present. AVMs can enlarge acutely from 
increased blood flow, obstruction, or infection. An exten-
sive lesion may cause congestive heart failure.49 AVMs 
also are affected by hormones, often increasing in size at 
puberty and during pregnancy.53 The most common sites 
of origin include the cheek, followed by the ear, nose, 
and forehead.43 On gray-scale ultrasound, AVMs dem-
onstrate heterogeneity, with multiple hypoechoic chan-
nels and absence of soft tissue mass. Doppler sonograms 
show a high-flow lesion with low-resistance arteries and 
arterialized venous waveforms52 (Fig. 50-55). Transcath-
eter embolization, sclerotherapy, and surgical excision are 
the mainstays of management.49,53

Inflammatory Disease

Lymph Nodes

Lymph nodes consist of an outer cortex of lymphoid 
follicles and hilum containing lymphatic sinus, connec-
tive tissue, and blood vessels. Cervical lymph nodes, 
which number about 300, are located along the lym-
phatic vessels in the neck.141 For ultrasound examina-
tions, lymph node distribution can be classified according 
to eight regions141,142 (Fig. 50-56). A normal infant 
lymph node measures less than 3 mm in diameter.43 In 
children, lymph nodes larger than 1 cm in maximum 
dimension are considered enlarged.142 On ultrasound, a 
normal node is ovoid in shape and hypoechoic, with an 
echogenic hilum containing central vascularity (Fig. 
50-57). The normal length exceeds its width by 2:1.64

Lymph nodes can enlarge as a result of reactive hyper-
plasia, infection or inflammation, and malignancy.143 
Cervical lymphadenopathy is common and frequently a 
normal finding in children. From 47% to 55% of chil-
dren at all ages and 80% to 90% of children between 
ages 4 and 8 years have palpable reactive hyperplastic 
lymph nodes not originating from infection or systemic 
illness. Palpable lymph nodes in infants, however, are 
not normal and should be evaluated further. Supracla-
vicular lymphadenopathy is highly significant, associ-
ated with malignancy in 60% of cases.128,143

Acute lymph node enlargement in children can be 
unilateral or bilateral. The anterior cervical nodes, which 
drain the mouth and pharynx, are most often affected.128 
In 80% of cases, acute unilateral pyogenic lymphadenitis 
is secondary to Staphylococcus aureus or group A beta-
hemolytic streptococci.64,128,144 Many patients present 
with respiratory tract infection, pharyngitis, tonsillitis, or 
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tender without significant associated cellulitis. Differen-
tial diagnosis includes viral, bacterial, atypical mycobac-
terial, or Mycobacterium tuberculosis infection; cat-scratch 
disease; and other, rare entities.128 Most mycobacterial 
infections are caused by variant strains of Mycobacterium 
avium-intracellulare scrofulaceum (MAIS) complex.128 
Infection is typically unilateral and in children ages 1 to 
5 years. M. tuberculosis, when it involves the cervical 
nodes, is thought to represent an extension of the primary 
pulmonary lesion or to be associated with acquired 
immunodeficiency syndrome (AIDS).45 Nodes on sonog-
raphy with low attenuation centers and small calci-
fications should suggest mycobacterial infection.61,124 
Cat-scratch disease, caused by the organism Bartonella 
henselae, presents typically with a dominant unilateral 
node 2 to 4 weeks after a minor cat scratch, usually a 
kitten128 (Fig. 50-61). FNA for cytopathology and 
culture may help confirm the diagnosis.45 Because malig-
nancy may present similarly, persistence of a dominant 
lymph node for longer than 6 to 8 weeks despite appro-
priate antibiotic therapy indicates excisional biopsy.128

Other inflammatory causes of lymphadenopathy  
in children include collagen vascular disease, sarcoid, 
immunologic deficiencies (especially HIV), and postvac-
cination syndrome.145 Kawasaki’s disease, a multisys-
tem vasculitis of unknown cause, causes cervical 
adenopathy in 50% to 70% of patients with the disease.147 
Children with Kawasaki’s disease typically present before 
5 years of age with enlarged nodes greater than 1.5 cm 
in diameter.147

Fibromatosis Coli

Fibromatosis coli occurs in 0.3% to 1.9% of chil-
dren. The etiology is still unclear but may involve  

otitis media in conjunction with tender, warm, and ery-
thematous lymph nodes.

The etiology of bilateral cervical lymphadenopathy 
tends to be viral.144 Viral infections, such as Epstein-
Barr virus (EBV), however, can be difficult to differenti-
ate from bacterial infections because the infection may 
be associated with exudative tonsillitis. In a patient with 
EBV, the presence of diffuse lymphadenopathy and 
hepatosplenomegaly may help confirm the diagnosis.12 
Noting the age of the child and the sites involved may 
provide other clues145 (Tables 50-4 and 50-5).

The diagnosis of lymphadenitis is often clinical, and 
most cases are uncomplicated; therefore most patients 
are treated medically and require no additional imaging. 
If imaging is performed, key features include location, 
extent of cellulitis, myositis, presence of abscess, and 
vascular compromise.124 With ultrasound imaging, 
lymphadenitis demonstrates multiple enlarged lymph 
nodes, normal in shape but with reduced echogenicity 
and increased central and peripheral vascularity64,124,146 
(Fig. 50-58). With progressive enlargement of the nodes 
and cellulitis, there is blurring of soft tissue planes, some 
septa may stand out, and Doppler imaging shows 
increased blood flow45 (Fig. 50-59). When an abscess 
forms, the nodes coalesce, central vascularity disappears, 
and a hypoechoic center is noted, surrounded by a thick, 
hyperechoic, irregular capsule that is hypervascular5 (Fig. 
50-60). Pus fluid levels, fluid movement on Doppler 
ultrasound, and hyperechoic foci with comet-tail arti-
facts, signifying air, help confirm the diagnosis.64 FNA 
and surgical incision may be necessary to resolve the 
infection.128 In severe cases, sinus tracts and fistulas may 
develop.45

Subacute or chronic infection occurs when cervical 
lymph nodes enlarge slowly and are only minimally 

FIGURE 50-54. Venous malformation. A, Masseter muscle demonstrates round, hypoechoic areas and hyperechoic foci (arrow) 
with shadowing, consistent with phleboliths. B, Axial T2-weighted fat-saturated MR image demonstrates high signal lesion infiltrating 
the masseter muscle and parapharyngeal space. Dark foci are consistent with phleboliths (arrows).
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FIGURE 50-55. Arteriovenous malformation. 
A, Ultrasound was performed because of excessive bleeding 
after tooth extraction. Color Doppler sonogram demonstrates 
turbulent flow in dilated vessels. B, Arterial Doppler sonogram 
within the lesion shows very low resistance. C, Venous Doppler 
sonogram within the lesion demonstrates pulsatility. D, Axial 
contrast-enhanced CT image identifies abnormal arterial 
venous connection. Note enlargement and abnormal enhance-
ment within the marrow of the left mandible. E, Angiogram 
of the external carotid circulation demonstrates arteriovenous 
shunting through inferior alveolar artery (arrowhead) into 
large, draining vein (arrow).
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FIGURE 50-56. Cervical lymph node classification. 
1, Submental; 2, submandibular; 3, parotid; 4, upper cervical, 
suprahyoid, along internal jugular chain; 5, middle cervical; 
6, lower cervical; 7, supraclavicular; 8, posterior triangle; t, trape-
zius muscle; scm, sternocleidomastoid; sm/pbd, stylohyoid and 
posterior belly of digastric muscle; abd, anterior belly of digastric 
muscle.

scm abd

sm/pbd

t

1
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4
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FIGURE 50-57. Lymph node morphology. A, Panoramic scan of multiple borderline lymph nodes, ovoid in shape and 
hypoechoic, with an echogenic hilum. B, Color Doppler sonogram demonstrates central hilar vessels.
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TABLE 50-4. AGE AND CAUSES OF 
LYMPHADENOPATHY

PEDIATRIC 
CATEGORY COMMON INFECTIOUS CAUSES

Newborn Staphylococcus aureus most common
Occasionally, late-onset group B streptococci

Infant and child 
<5 years

Group A streptococci and S. aureus
Nontuberculous Mycobacterium

School-age child  
and adolescent

Epstein-Barr virus, cytomegalovirus, 
toxoplasmosis

Tuberculosis or infectious mononucleosis

TABLE 50-5. SITE OF NODE AND 
CAUSES OF LYMPHADENOPATHY

NODE SITE COMMON CAUSES

Occipital Roseola, rubella, scalp infections
Periauricular Eye infections, cat-scratch disease
Cervical Streptococcal or staphylococcal adenitis or 

tonsillitis
Mononucleosis, toxoplasmosis, malignancies, 

Kawasaki’s disease
Submandibular Hodgkin’s or non-Hodgkin’s lymphoma, 

tuberculosis, histoplasmosis

intramuscular hemorrhage, venous occlusion, birth 
trauma, or in utero torticollis.69,124,128,148 Pathologically, 
fibromatosis coli results from fibrosis and shortening of 
the sternocleidomastoid muscle, producing a soft tissue 
mass.149 Peak incidence of presentation is 2 to 8 weeks 
after birth. Fibromatosis coli typically affects the first-
born boy with breech presentation or difficult delivery. 
Most infants present with ipsilateral head tilt, contralat-
eral chin deviation, and a palpable soft tissue mass.150,151 

From 6% to 20% of patients will have associated mus-
culoskeletal anomalies, including hip dysplasia and facial 
asymmetry.57

Sonography is the best technique to image the fibro-
matosis coli lesion. A normal sternocleidomastoid muscle 
demonstrates decreased echogenicity and long, thin, 
echogenic lines denoting the muscle fascicles along  
the length of the muscle. In the presence of fibromatosis 
coli, there is a focal or diffuse enlargement of the  
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FIGURE 50-58. Lymphadenopathy related to Epstein-Barr virus. Left anterior cervical chain demonstrates multiple 
enlarged hypoechoic nodes with peripheral vascularity.
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FIGURE 50-59. Complicated lymphadenitis with 
cellulitis and myositis. A, Transverse ultrasound demon-
strates conglomerate hypoechoic lymph nodes with prominent 
septa surrounded by poorly defined soft tissue, consistent with 
cellulitis. B, Progression in inflammation results in poor definition 
of the nodal boundaries, increased vascularity, and increased echo-
genicity of soft tissue planes and loss of definition of adjacent 
muscle. C, CT image shows large phlegmon in left neck, with 
inflammation of adjacent soft tissue and sternocleidomastoid 
muscle.
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Neoplasms

Cancers of the head and neck represent 5% of childhood 
cancers.128 Lymphomas and sarcomas encompass 50% 
of these neoplasms. The most common cancers in chil-
dren under 6 years are neuroblastoma, lymphoma, and 
rhabdomyosarcoma. Between ages 7 and 13 years, lym-
phoma, thyroid cancer, and rhabdomyosarcomas are 
prevalent. After puberty, lymphoma is the most common 
neoplasm.128

Imaging usually cannot differentiate reactive, inflam-
matory, or neoplastic disease.124,130,142 Clinical concerns 
for neoplasm include onset in neonatal period, rapid 
growth, skin ulceration, fixation to skin, and large, hard 
masses.144 With ultrasound, suspicious findings have 
been defined. Tumor invasion generally starts in the 
cortex, so changes in the normal nodal shape from ovoid 
to round or asymmetrical is a concern.43 Other imaging 
clues to malignant diagnosis include large size (>3 cm), 
heterogeneous echotexture, lack of echogenic hilum, 
perinodal invasion, and lack of soft tissue edema and 
matted nodes.135,136 Necrosis and calcification can be a 
sign of malignancy, but similar findings are noted in 
granulomatous lesions.135

Color Doppler sonography of lymph nodes can be 
helpful when classified into four categories: hilar, periph-
eral, mixed, and avascular.123,134 Color Doppler sono-
grams of benign lesions are typically avascular or hilar; 
whereas malignant nodes demonstrate peripheral or 
mixed vascular flow93,134,135 (Fig. 50-63). High Doppler 
resistive indices and pulsatility index have been noted in 
neoplastic adenopathy; however, other studies have not 
supported this finding. Therefore, the accuracy of this 

sternocleidomastoid, which typically shows homoge-
neous or heterogeneous, increased echogenicity; however, 
mixed and hypoechoic lesions have been described148,149 
(Fig. 50-62). Focal lesions tend to involve the inferior 
third of the muscle.148 In larger masses, there is distorted 
architecture with disruption of the normal muscle 
bundles.149 Some cases may resolve spontaneously; 
however, physical therapy is the first line of therapy  
and effective in 95% of children.57 If head tilt persists, 
muscle release or tenotomy is performed to prevent 
development of significant craniofacial asymmetry and 
scoliosis.12

FIGURE 50-60. Complicated lymphadenitis with abscess. A, Color Doppler sonogram shows round, hypoechoic, avascular 
area with thick wall and peripheral vascularity. B, Axial contrast-enhanced CT image shows low-density lesion with peripheral wall 
enhancement, confirmed as abscess.
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FIGURE 50-61. Cat-scratch lymphadenopathy. 
Imaging of the left anterior cervical neck in a child who was 
scratched by a kitten 2 weeks earlier. Multiple hypoechoic enlarged 
lymph nodes are identified.
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Metastatic Nodal Disease

Metastatic nodal disease is uncommon in pediatrics.124 
Neuroblastoma, rhabdomyosarcoma, and thyroid cancer 
are the most likely etiologies. Neuroblastoma, a neo-
plasm derived from the sympathetic neural crest cells, 
typically metastasizes to the head and neck from a 
primary adrenal tumor.69 Metastatic nodal disease is 
most common to the supraclavicular chain.64 Primary 
cervical lesions are noted in 5% of cases and typically 
have a favorable prognosis.146,154 Presenting symptoms 
include Horner syndrome and heterochromia (two 
different-colored eyes).154 Ultrasound typically demon-
strates an echogenic mass with or without calcification 
that displaces the great vessels of the neck and may 
extend into the mediastinum, spine, or skull base154 (Fig. 
50-65). Thyroid nodal metastases are typically identified 
in the low neck and supraclavicular area.155 On sono-
graphy, thyroid nodal disease demonstrates the same 
neoplastic findings previously described, as well as 

FIGURE 50-62. Fibromatosis coli. A, Longitudinal ultrasound shows sternocleidomastoid muscle with enlargement, attenuation 
of striations, and mild increase in echotexture. B, Longitudinal view shows comparison of abnormal left and normal right sternocleido-
mastoid muscle.
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FIGURE 50-63. Hodgkin’s lymphoma. Color Doppler 
ultrasound demonstrates mixed and peripheral arrangement of 
vessels.
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FIGURE 50-64. Hodgkin’s lymphoma. Multiple enlarged 
hypoechoic, pseudocystic lymph nodes demonstrate well-defined 
borders. The largest has a round configuration. No adjacent soft 
tissue edema noted.

technique is controversial.123 Ultrasound is useful in 
guiding FNA biopsy.135,138

Lymphoma

Lymphoma is the most common head and neck malig-
nancy, accounting for 50% in children. There is an  
equal 50% distribution of Hodgkin’s lymphoma and 
non-Hodgkin’s lymphoma.124 Hodgkin’s lymphoma 
typically presents in adolescence as upper cervical  
and less frequently supraclavicular masses.130,152 Non-
Hodgkin’s lymphoma usually presents between ages 
2 and 12 years with extranodal masses, diffuse nodal 
involvement, and rapid growth.130,152 On gray-scale 
ultrasound, lymphoma often demonstrates a hypoechoic, 
pseudocystic appearance with sharp borders caused by 
reduced fat in lymph nodes, and absence of calcifica-
tions153 (Fig. 50-64). Lymphomas do not necessarily 
follow malignant color vascular distribution, often with 
exaggerated hilar flow containing large, central branch-
ing vessels.153 Extensive axillary and mediastinal adenop-
athy may be noted at presentation.124 Imaging of these 
patients should include CT scans of the neck, chest, and 
abdomen and pelvis. Gallium-67 citrate scintigraphy 
and FDG-PET is also helpful in further depiction of 
disease extent.152 Positron emission tomography (PET) 
and CT scans may also be considered in the future.
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child, and frequently arises in the head and neck.157,158 
Alveolar rhabdomyosarcoma, 20% of tumors, are more 
common in the older child and have a poorer prognosis. 
The most common sites of origin include the orbit, 
nasopharynx, middle ear or mastoid, and sinonasal 
cavity. These tumors tend to be aggressive, metastasize 
to lymph nodes, and rapidly invade bone, often with 
intracranial extension. Because of this aggressive course, 
MRI and CT scans are typically the first line of imaging. 
If a lesion is detected with ultrasound, however, the 
tumors typically are poorly vascularized and heteroge-
neous, with ill-defined hypoechoic areas caused by 
necrosis.64 If the mass is discovered on ultrasound, CT 
and MRI scans are necessary to define the full extent of 
the lesion and exclude intracranial extension.69

FIGURE 50-65. Neuroblastoma. A, Lateral neck with increased retropharyngeal soft tissues in 1-year-old child with difficulty 
breathing. B, Ultrasound shows mass with fine calcification, typical of neuroblastoma.

A B

increased echogenicity and cystic degeneration, with 
greater than 50% containing internal calcifications141,155 
(Fig. 50-66).

Rhabdomyosarcoma

Rhabdomyosarcoma is a malignant tumor that arises 
from skeletal muscle cells. It is the most common soft 
tissue sarcoma of childhood, and 40% of cases originate 
in the head and neck.124,156 About 85% of patients with 
rhabdomyosarcoma are under age 15 years.157 A bimodal 
peak incidence occurs between 1 and 3 years and in early 
adolescence.64 The two main histologic types are embry-
onal and alveolar.156 Embryonal rhabdomyosarcoma 
represents 60% of cases, is most common in the young 

FIGURE 50-66. Lymph node metastasis from thyroid cancer. A, Enlarged conglomerate nodes with internal foci of 
increased echogenicity, consistent with microcalcification. B, Axial CT scan shows intensely enhancing lower cervical lymph nodes with 
subtle mass in the left lobe of the thyroid (arrow).

A B



1728  PART V ■ Pediatric Sonography

color Doppler sonograms well demonstrate arterial and 
venous stenosis, thrombosis, or pseudoaneurysms, 
which can result from central line placement or  
prior extracorporeal membrane oxygenation (ECMO) 
therapy163 (Fig. 50-68). Ultrasound guidance has also 
proved useful for insertion of central venous and ECMO 
catheters to prevent morbidity related to malposition.164-166

Inflammatory Disease

Lemierre’s syndrome is rare and typically occurs in an 
adolescence after a primary oropharyngeal infection. It 
is hypothesized that thrombophlebitis of tonsillar veins 
propagate into the internal jugular vein, resulting in 
Fusobacterium septicemia and septic emboli, primarily 
to the lungs.167 Ultrasound demonstrates an engorged, 
noncompressible vein that may contain echogenic 
thrombus (Fig. 50-69). Color Doppler ultrasound can 
document absent flow, and duplex Doppler imaging 
may show a lack of pulsation with Valsalva maneuver. 
Blood cultures and chest radiography or CT scan secure 
the diagnosis so that appropriate antibiotic therapy may 
be instituted.168

Vascular Anomalies

Congenital Abnormalities

Cervical aortic arch is a rare congenital anomaly in 
which the arch is positioned high, usually in the right 
neck. These patients may present with a pulsatile 
anechoic mass, dysphasia, and respiratory symptoms.43 
Internal jugular phlebectasia is believed to represent a 
congenital fusiform dilation of the internal jugular 
vein.43,159 The lesion typically presents with a swelling 
of the neck that increases with straining. Ultrasound 
demonstrates an echo-free, slow-flow vessel on color 
Doppler sonography that increases in size with Valsalva 
maneuver159 (Fig. 50-67).

Iatrogenic Abnormalities

Color and duplex Doppler ultrasound are noninvasive 
techniques that provide information about blood vessel 
patency, size, and direction of blood flow.160-162 Vascular 
lines are typically placed through the subclavian or 
jugular vein into the superior vena cava. Gray-scale and 

FIGURE 50-67. Internal jugular phlebectasia. A, Child was referred for bluish pulsation beneath the skin. Ultrasound through 
the carotid and jugular. On the left, imaging is without Valsalva, and on the right, with Valsalva. Note the dilation of the jugular vein 
with Valsalva. B, Longitudinal image shows aneurysmal dilation of the jugular vein.

A B

FIGURE 50-68. Jugular vein thrombosis caused by central line. A, Transverse image of internal jugular vein (arrow) with 
thrombus occlusion at tip of catheter. B, Three-dimensional ultrasound image shows complete occlusion of the vessel by clot.

A B
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In normal infants, the spinal cord can be visualized 
because the nonossified state of the posteromedian intra-
neural synchondrosis provides an ample acoustic window 
(Fig. 51-1). The abnormal configuration of vertebral 
bodies in infants with certain dysraphic abnormalities 
opens the window even further. Although magnetic reso-
nance imaging (MRI) is considered the examination of 
choice when evaluating the spine in children and adults, 
sonography of the spine in the newborn period can reveal 
details that are difficult to define with MRI.

EMBRYOLOGY

A detailed description of spinal column and spinal cord 
embryology is beyond the scope of this chapter, and the 
reader is referred to several excellent works covering this 
topic.1-7 For a better understanding of spinal pathology, 
a general knowledge of the process of spinal cord and 
vertebral column formation is helpful. From the cervical 
through the second sacral segments, the spinal cord 
forms by the process of primary neurulation.8 Distal to 
this level, the cord and the filum terminale are formed 
by a process termed canalization and retrogressive dif-
ferentiation of the caudal cell mass, sometimes referred 
to as secondary neurulation.

Primary neurulation is the process by which neural 
ectoderm (neuroectoderm, neuroderm), the dorsal layer 
of the 18 to 28–day embryonic disc, becomes the neural 
tube, with the neural groove acting as a fulcrum. Neural 
crest, initially the lateral edge of the neural ectoderm, 

moves to the top of the neural tube so that it is then 
dorsal to the neural tube, and gives rise to the sensory 
ganglia (dorsal root ganglia)9 (Fig. 51-2). The process by 
which neuroectoderm separates from cutaneous ecto-
derm is termed disjunction.

The undifferentiated caudal cell mass coalesces caudal 
to the posterior neuropore and extends to the tail fold. 
This conglomerate of cells develops vacuoles that coalesce 
to form the most distal neural tube (canalization), which 
fuses with the rostral tube as it forms through primary 
neurulation. Differentiation of the caudal cell mass 
into the distal neural tube occurs between 28 to 48 days.

The spinal column develops in parallel with the spinal 
cord beginning at the future occipital region and sweeps 
caudally. Solid blocks of mesoderm form in a ventral 
position to the neural plate. This divides into paired 
blocks or somites by day 20. The dorsolateral portion 
of each somite will become skeletal muscle and dermis, 
whereas the ventromedial portion will become the carti-
lage, bone, and ligaments of the vertebral column. These 
latter cells migrate around the neural tube, forming a 
perichordal tube that will begin to segment into primi-
tive precartilaginous vertebra at about day 24. One can 
readily see how failure of completion or error in organi-
zation at any of these levels might lead to open neural 
tube defects, tethered cord, caudal regression, and verte-
bral body anomalies.

Some spinal column and spinal cord anomalies are 
known to occur with other anomalies, such as cervical 
myelomeningoceles, split cord malformations, neuren-
teric cysts, certain complex intestinal malformations, and 

1733
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SONOGRAPHIC TECHNIQUE AND 
NORMAL ANATOMY

Infants are generally scanned in the prone position, 
although it is possible to scan in a decubitus position 
while the infant is fed with a bottle or even breast-fed. 
The decubitus position is much more challenging. A 
much better scan will be obtained if the caregiver is 
allowed to feed a struggling infant and return to the 
prone position in the postprandial state. If possible, the 
lumbar lordosis is accentuated by elevating the shoul-
ders, to aid determination of vertebral body level by 
defining the lumbosacral junction.11 An alternative 
approach is to place a rolled blanket under the lower 
abdomen in a prone position. Modern high-frequency 
linear transducers allow visualization of fine details of 
anatomy, with the additional aid of extended–field of 
view images (Fig. 51-3). Although different indications 
for imaging may require varying views, it is best to scan 
the entire back in both the longitudinal and the trans-
verse plane. This allows a thorough search for contiguity 
of vertebral body rings, an assessment of contour and 
position of the spinal cord, and a survey of the paraspi-
nous musculature and overlying skin.

The fine anatomic display possible with sonography 
has been shown in correlative studies between ultrasound 
and specimen anatomy.12 Figure 51-4 demonstrates the 

Klippel-Feil syndrome. Several authors have theorized 
that these situations cannot be explained by the scenario 
previously described. Because these complex anomalies 
involve all three embryonic germ layers, a disorder of  
the earlier process of gastrulation, the conversion of a 
bilaminar embryonic disc to a trilaminar embryonic disc, 
has been proposed.10

FIGURE 51-1. Cartilaginous gaps in vertebral ring 
allow penetration by scanning beam. Transverse 
radiograph through a thoracic vertebral body specimen from an 
infant demonstrates the cartilaginous posterior median intraneural 
synchondrosis (arrow) and the paired neurocentral synchondroses 
(arrowheads). (Courtesy Dr. Paul Kleinman, Children’s Hospital, 
Boston.)

FIGURE 51-2. Three stages of spinal cord development. A, Neurulation (closure of neural tube) is the process of progres-
sion from neural plate to neural groove to neural tube. B, Canalization occurs when multiple microcysts form and coalesce in caudal cell 
mass (arrows), which fuses to distal neural tube (arrowheads), forming the primitive spinal cord. C, Retrogressive differentiation (pro-
grammed cell death) is the process by which the caudal cell mass and neural tube regress in size to form the fetal conus medullaris, 
ventriculus terminalis, and filum terminale. Note labeled structures. (A from Sadler T. Langman’s medical embryology. 5th ed. Baltimore, 
1985, Lippincott; B and C from Barkovich AJ. Pediatric neuroimaging. 3rd ed. Philadelphia, 2000, Lippincott–Williams & Wilkins.)
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include (1) finding the 12th rib and counting down from 
this level, (2) defining the lumbosacral junction by 
accentuating the lumbar lordosis and using that as a 
reference, and (3) counting upward from the last ossified 
vertebral body. The third approach can be difficult 
because of the great variability in the ossification of the 
coccygeal vertebral bodies.16 Generally, ossified coccygeal 
vertebral bodies have a rounded central nucleus, whereas 
sacral ossification centers take on a more squared contour 
(Fig. 51-9). If these methods prove problematic, the 
ultrasound transducer can be used to locate the tip of 
the conus, mark the skin at that level with a radiopaque 
BB, and obtain a radiograph of the entire spine to deter-
mine the corresponding vertebral level (Fig. 51-10). If 
this is done, a lateral film is most helpful because distor-
tion from beam angulation is less problematic. The 
degree of ossification of the coccyx can also be addressed 
with this film. As the sonographer gains experience in 
scanning the neonatal spine, the tremendous variability 
in the shape of the cartilaginous coccyx also becomes 
evident (Fig. 51-11).

Opinion has varied over the years regarding the 
normal conus medullaris position and whether it changes 
in later fetal life and as a child grows. Studies of fetal and 
newborn spine anatomy in the historical literature 
suggest the vast majority of so-called cord ascent occurs 
before 25 weeks’ gestation, and a conus position at the 
third lumbar vertebra (L3) or above by the beginning 
of the third trimester should be considered normal.17-19 
Current literature supports the view that the tip of the 
conus medullaris is normally located at the mid-L3 ver-
tebral body level, or higher, at birth (even as early as 25 
weeks’ gestation), and that a conus tip at the L3-L4 disc 
space level is too low.20-26 The trend is toward a higher 
conus position as the fetus approaches term27,28 (Fig. 
51-12). Some authorities consider a conus position of 
L3 proper in the term or preterm infant to be equivocal, 

basic landmarks that should be visible. In general, the 
cord is relatively hypoechoic, whereas the interfaces 
created by the fanning nerve rootlets are echogenic. In 
the past, controversy has surrounded the origin of the 
central echo complex in the hypoechoic cord. It is intui-
tively satisfying to presume that this represents the 
central canal of the spinal cord, but some authorities 
thought that the central echogenicity may actually indi-
cate the interface between the myelinated ventral white 
commissure and central end of the anterior median 
fissure.13,14 Images obtained with high-frequency trans-
ducers sometimes reveal a column of fluid within the 
center of the central echo complex. This implies that the 
structure represents a patent central spinal canal. This is 
seen so often in the neonate that it should probably be 
considered a normal finding (Fig. 51-5).

The normal filum terminale should be clearly visible 
and mobile with cerebrospinal fluid (CSF) pulsations. 
The center of the filum tends to be relatively hypoechoic 
compared to its bright outer margins (Fig. 51-6). Modern 
transducers may allow visualization of a cystic structure 
at the tip of the conus medullaris. A terminal ventricle 
or filar cyst should be considered a variant of normal 
development when there is no other suggestion of 
pathology9,15 (Fig. 51-7). Some infants have more promi-
nent epidural fat, which also should be considered a 
normal variant unless other signs suggest an abnormal 
fatty mass (Fig. 51-8). Color Doppler ultrasound can 
help localize the epidural venous plexus, anterior spinal 
arteries, and paired posterior spinal arteries. Malposition, 
compression, or distention of these vessels may help to 
distinguish an abnormal mass within the vertebral canal 
from normal nerve rootlets or epidural fat.

A careful determination of the position of the tip of 
the conus medullaris should always be included in a 
neonatal spine sonographic examination. This may be 
challenging in a squirming infant. Possible approaches 

FIGURE 51-3. Lumbosacral spine in 2-week-old infant. Extended–field of view image reveals detailed anatomy of the course 
and contour of the lumbosacral spine. The tip of the conus medullaris is clearly visible (arrow).
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FIGURE 51-4. Normal spinal cord. A, Sagittal view shows posterior aspect (arrows) and anterior aspect of the thoracic spinal cord 
(arrowheads). Normal thoracic spinal cord is more anteriorly positioned within the vertebral canal than the more distal spinal cord. 
B, Normal widening of the lumbar spinal cord (arrowheads). The central spinal canal is visible as an echogenic line (arrow). C, Tip of 
the conus medullaris (C) should taper gradually. Individual nerve rootlets are visible with modern equipment (arrow). D, On transverse 
view of the lumbar spinal cord, dorsal (d) and ventral (v) nerve rootlets, as well as the anterior median fissure, are visible (arrow). 
E, Transverse view near the tip of the conus medullaris demonstrates the relatively hypoechoic substance of the cord (arrow) in the center 
of the more echogenic nerve rootlets. F, The beginning of the filum terminale is seen as a central, slightly echogenic focus (arrow) in the 
transverse plane.

A

B

C

D

E

F



Chapter 51 ■ The Pediatric Spinal Canal  1737

If subsequent MRI is deemed prudent after an  
equivocal ultrasound examination, many pediatric 
neurora diologists support waiting until the infant is  
at least 3 months old. Greater anatomic detail can be 
displayed with MRI in the larger infant using standard 
techniques.

THE CRANIOCERVICAL JUNCTION

In general, the linear transducer produces spine images 
of greatest quality. The one possible exception is the 
evaluation of the craniocervical junction. A smaller-
footprint sector transducer allows scanning at the base 
of the skull and through the foramen magnum. This 
view allows visualization of the cisterna magna, brain-
stem, inferior cerebellum, and proximal cervical cord29-31 
(Fig. 51-13).

SPINAL DYSRAPHISM

The term spinal dysraphism stems from the Greek roots 
meaning “bad” (dys) “seam” or suture (raphe) and was 
first used in the literature by Tulpuis in 1641.32 In 1886, 
von Recklinghausen first proposed the “non-closure 
theory,” suggesting that failure of closure of the embryo-
logic neural tube resulted in the overtly abnormal spec-
trum of open neural tube defects.33 Currently, the term 
dysraphism is used to describe any abnormality that 
might be explained by an error in the embryologic pro-
cesses of primary neurulation, disjunction, canalization, 
and retrogressive differentiation of the caudal cell mass. 
This includes infants with the grossly abnormal physical 
findings of open neural tube defects (overt spinal 

requiring some form of follow-up.3,24 The range of 
normal varies, and factors other than conus position 
alone need to be considered when determining the need, 
if any, for further evaluation with MRI. When an expe-
rienced spine sonographer finds that the tip of the conus 
medullaris is positioned over the upper third of the L3 
vertebral body with normal nerve root pulsation, and if 
no other abnormalities are noted and the physical exami-
nation is not suspicious, we do not generally recommend 
further imaging at our hospital. A careful prospective 
study, beginning in fetal life, with high-resolution probes 
and long-term follow-up, including directed neurologic 
testing, will be necessary to put this question to rest.

FIGURE 51-5. Fluid within central canal. A and B, Transverse and sagittal views of the lumbar spine. This is a common, normal 
variant (arrow) observed in many infants.

A B

FIGURE 51-6. Normal filum terminale. This can be 
clearly distinguished from the nerve rootlets and should be less 
than 2 mm in diameter (arrows). The external edges of the filum 
are relatively bright compared to the central portion of the filum.

Text continued on page 1742
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FIGURE 51-7. Filar cyst. A, Normal variant (arrow) on longitudinal view of the conus medullaris in a newborn. The dura is particu-
larly bright and easy to visualize (open arrow). B to D, Transverse views of a filar cyst in an older infant: B, ultrasound (curved arrow); 
C, T1-weighted MRI (arrow); D, T2-weighted MRI (curved arrow).

A B

C D

FIGURE 51-8. Epidural fatty layer. 
Unusually prominent epidural fatty layer (F) 
occurs in some infants; arrow, dura.
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FIGURE 51-9. Almost entirely cartilaginous coccyx. A, Longitudinal view in a 4-week-old girl reveals the tiny, rounded 
beginnings of ossification of the first coccygeal segment (curved arrow) and the tip of the cartilaginous coccyx, which is positioned at the 
apex of an intergluteal dimple (straight arrow). The cartilaginous coccyx should not be confused with a sinus tract. B, Early ossification 
is appropriately positioned in the center of the first segment on this transverse view (outlined by arrows).

A B

FIGURE 51-10. Determining level of conus medullaris. When it is difficult to determine the level of the conus medullaris 
by ultrasound alone, plain radiographs are often helpful. A BB is placed on the skin of the infant, corresponding to the position of the 
tip of conus medullaris during sonography, to help determine the associated vertebral body level.
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FIGURE 51-11. Extraordinary variation in normal development of coccyx in six infants. A, Unusually sharp 
curve of the distal coccyx (arrow). B, The curve is less severe. C, Smooth, classic curve of the cartilaginous coccyx (C). D, A tiny ossifica-
tion nucleus is seen in the C1 segment (arrow). E, Larger focus of ossification (arrow), and F, ossification nuclei are visible within all 
coccygeal segments.
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FIGURE 51-12. An amazing amount of detail of the normal fetal spine at 31 weeks with modern trans-
ducers. A and B, Sagittal views of the thoracolumbar spine (A) and lumbar spine (B) allow direct visualization of the spinal cord. C 
and D, Transverse views of the lumbar spine reveal a clearly defined cord (C, arrow) and more inferiorly, nerve rootlets (D). Visualization 
of the bony and cartilaginous vertebral rings is also possible.
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Spina bifida aperta refers to the posterior protrusion 
of all or part of the contents of the vertebral canal 
through this posterior bony defect; aperta is Latin for 
“open” or “uncovered.” The term spina bifida cystica 
introduces the additional requirement that the protru-
sion not only passes beyond the bony defect, but also 
passes beyond the expected demarcations of the skin of 
the back, such that a cystlike mass can be seen, most 
typically at the lumbosacral level. The classically uncov-
ered lesions include myelocele and myelomeningocele. 
Infants with myelocele have a flat neural placode that 
is exposed to the environment (Fig. 51-14). In the more 
common myelomeningocele, this placode is further dis-
placed posteriorly by expansion of the subarachnoid 
space. Newborns with myelocele or myelomeningocele 
generally are repaired on the first or second day of life 
without preoperative imaging because the defect is 
readily apparent. When lesion definition is deemed 
prudent, ultrasound can provide great anatomic detail 
by virtue of the deficiency in the involved posterior ele-
ments, which allows a clear acoustic window.

Myelomeningoceles are almost always associated with 
the Chiari II malformation, whereas meningoceles are 
rarely associated. The Chiari II malformation consists of 
a small posterior fossa with upward transincisural hernia-
tion of the superior cerebellum, as well as downward 
herniation through the foramen magnum with associ-
ated compression and distortion of the brainstem.  
This posterior fossa distortion can be seen readily  
by sonography of the brain through the anterior fonta-
nelle and of the craniocervical junction through the 
foramen magnum.34 Sonography also has a potential role 
in the evaluation of the spinal cord in patients with 
repaired myelomeningocele. Specifically, gray-scale two-
dimensional (2-D) ultrasound and M-mode ultrasound, 

dysraphism) as well as the so-called occult or skin-
covered lesions (occult spinal dysraphism), such as an 
intradural or filar lipoma.

OVERT SPINAL DYSRAPHISM

The terminology used to describe this spectrum of 
anomalies can be confusing because there is a tendency 
to use the terms imprecisely. Spina bifida simply refers 
to incomplete closure of the posterior bony elements of 
the spine.

FIGURE 51-13. Brainstem, cisterna magna, and cerebellar hemispheres. A, Sagittal view of the craniocervical junc-
tion using the foramen magnum as a window. The arrow indicates the posterior margin of the foramen magnum. Visualization of the 
cerebellum and medulla (M) is also possible on this view. B, On transverse view, the cisterna magna (C) and cerebellar hemispheres (H) 
are well shown.

A B

NEURAL TUBE DEFECTS*

OVERT DYSRAPHISM
Myelocele
Meningomyelocele

OCCULT DYSRAPHISM
Spinal lipoma

Intradural lipoma
Lipomyelocele
Lipomyelomeningocele
Fibrolipoma of the filum terminale

Meningocele
Dorsal dermal sinus
Myelocystocele
Diastematomyelia
Split notochord syndrome

*Anomalies thought to result from errors in tubularization 
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particularly in the screening and follow-up of fetuses 
being considered for investigational in utero myelome-
ningocele repair.44-49 Interestingly, the incidence of 
myelomeningocele seems to be decreasing, possibly the 
result of periconceptual folic acid or other vitamin sup-
plementation, other environmental factors, or termina-
tion of affected pregnancies.50

OCCULT SPINAL DYSRAPHISM

Occult spinal dysraphisms are defined as the group of 
spinal dysraphisms that exist beneath an intact covering 
of dermis and epidermis and that are therefore not dis-
covered with AFP screening. Many such patients are 
clearly identified by an abnormal physical examination. 
Frequently there is an obvious skin-covered mass or a 
hairy tuft, appendage, discolored skin, distorted spinal 
curvature, asymmetrical intergluteal cleft, or deep 
dimple.51-54 These anomalies are occult only by virtue of 
a skin covering; they are not necessarily hidden from 
ready physical diagnosis. Infants with suspicious physical 

in conjunction with MRI, have the potential to suggest 
the development of tethered cord syndrome, based on 
dampened nerve root pulsation, in this high-risk 
group.35-38

Although ultrasound of the newborn spine with unre-
paired myelomeningocele is infrequently performed, 
sonography of the fetus being screened for this condition 
is well established.39-41 This diagnosis is often first sus-
pected on screening tests for elevated levels of alpha-
fetoprotein (AFP) in amniotic fluid or maternal serum. 
Fetal cranial findings that support the diagnosis of the 
Chiari II malformation include the lemon sign (bitem-
poral narrowing of fetal skull) and banana sign (com-
pression of fetal cerebellum). Both the level and the 
nature of the myelomeningocele, as well as associated 
findings (e.g., clubfoot), can be evaluated with fetal 
ultrasound (Fig. 51-15). In fact, three-dimensional 
(3-D) ultrasound of the fetal spine holds promise in 
increasing the precision with which the level of spinal 
involvement and thus extent of likely neurologic impair-
ment are determined.42,43 Fetal MRI may also play a role 
in defining spinal and brain anatomy in this situation, 

FIGURE 51-14. Open neural tube defects and examples of occult dysraphisms. Each diagram is positioned with 
the dorsal side up as one would scan the spine of an infant; L, lipoma. (Modified from Barkovich AJ. Pediatric neuroimaging. 3rd ed. 
Philadelphia, 2000, Lippincott–Williams & Wilkins.)
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FIGURE 51-15. Lumbosacral myelomeningocele in 18-week fetus. A, Transverse view shows the open nature of the 
posterior elements of the affected vertebral ring (arrow). B, Sagittal view shows the protuberance of the covering membrane and neural 
placode (arrow). C, Coronal view shows the thin nature of the covering membrane (arrow).
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findings on the back or other abnormalities known to  
be associated with occult spinal dysraphism warrant 
radiologic evaluation. Beginning in the early 1980s, a 
series of excellent reviews of sonography of occult spinal 
dysraphisms began to appear.55-60 At present, neonatal 
sonography plays a critical role in the diagnosis or exclu-
sion of this category of dysraphism. Correlative studies 
with MRI suggest a high degree of accuracy.61,62 Fatty 
masses, cord position, and relationship to any mass, as 
well as presence or absence of nerve root pulsations, can 
be seen clearly.

Spinal Lipoma

Spinal lipomas are fatty masses that have a connection 
with the leptomeninges or spinal cord.63,64 These likely 
develop as a result of premature disjunction of neuroec-
toderm from cutaneous ectoderm. Sacral lipomas can be 
divided into four categories: intradural lipomas, lipomy-
elocele, lipomyelomeningocele, and fibrolipomas of the 
filum terminale (see Fig. 51-14). Intradural lipomas are 
situated in a subpial position in a dorsal cleft of the open 
spinal cord (Fig. 51-16). The lipomyelocele is analo-
gous to the myelocele. Instead of an exposed neural 
placode, there is an overlying covering of attached lipoma 
and intact skin. The lipoma is in contiguity with the 
subcutaneous fatty layer. There is expansion of the sub-
arachnoid space ventral to the placode in patients with 
lipomyelomeningocele (Fig. 51-17). This expansion 
and its associated lipoma can be asymmetrical, leading 
to large differences in the length of the paired dorsal 
roots and protrusion of the meningocele so that it 
extends posterior to the neural placode.4

It is also possible, but challenging, to make the fetal 
diagnosis of lipomyelomeningocele with sonography.65,66 
This can be difficult because the well-known signs of the 
Chiari II malformation almost universal in fetuses with 
myelomeningocele are generally not present in fetuses 
with a skin-covered lipomyelomeningocele. The clini-
cian must depend on obtaining detailed views of the  
fetal back. Fetal position and maternal body habitus play 
a major role in the sensitivity of this sonographic 
approach.

Fibrolipomas of the filum terminale are a unique 
form of spinal lipoma that, in some situations, may 
represent a variant of normal development. This is a 
controversial issue.63,64,67-69 In this entity, fatty tissue 
expands the filum terminale beyond its usual diameter 
of approximately 2 mm.70 On ultrasound, this is seen as 
a thickened, echogenic filum terminale, sometimes with 
an undulating contour71 (Fig. 51-18). If a fibrolipoma 
of the filum terminale is observed in the setting of an 
abnormally low position of the conus medullaris, it is 
termed a tight filum terminale or tethered cord syn-
drome72 (Fig. 51-19). Some authorities believe that this 
term should apply whenever a fibrolipoma of the filum 

terminale is observed, regardless of conus level.63,64 A 
short, thickened filum terminale likely results from defi-
cient retrogressive differentiation of the caudal cell mass. 
These patients may be asymptomatic initially, with onset 
of symptoms at any age (typically during an adolescent 
growth spurt). Symptoms include lower extremity weak-
ness, abnormal lower extremity reflexes, bladder (and 
rarely bowel) dysfunction, scoliosis, foot deformities, 
painful or numb lower extremities, and back pain. Spinal 
cord injury is theorized to result from cord ischemia 
caused by excessive tension or stretching of nerve fibers.

Meningocele

The term meningocele requires further descriptors to be 
useful. Simple and complex dorsal meningoceles are 
composed of a dorsal herniation of dura, arachnoid, and 
CSF into the subcutaneous tissues of the back and are 
skin covered. A simple dorsal meningocele does not 
contain neural elements. A complex dorsal meningocele 
is associated with anomalies of the spinal cord and often 
the associated vertebral column. Dorsal meningoceles are 
easily observed with ultrasound as a cystic subcutaneous 
collection in contiguity with the vertebral canal. The 
spinal cord contained within the vertebral canal will 
appear normal when observing a so-called simple dorsal 
meningocele, but the cord may appear abnormal if the 
lesion is a complex dorsal meningocele.

For completeness, lateral meningoceles deserve 
mention. These CSF-filled protrusions of dura and 
arachnoid extend through enlarged neural foramina  
and are almost never observed in the newborn period. 
Most are found in patients with neurofibromatosis or 
with Marfan or Ehlers-Danlos syndrome.4 Because 
lateral meningoceles tend to present in older children 
and adults, sonography is not the traditional method of 
evaluation.

Dorsal Dermal Sinuses

Dorsal dermal sinuses are thought to result from incom-
plete disjunction of cutaneous ectoderm from neuroec-
toderm and can also be seen by neonatal sonography and 
MRI. These sinuses may or may not penetrate the dura. 
If the dura is penetrated, the sinus may end in the sub-
arachnoid space, the conus medullaris, filum terminale, 
a nerve root, or a dermoid or epidermoid cyst (Fig. 
51-20). The lumbosacral region is the most common site 
of such sinuses, and if present, the skin opening tends to 
be positioned cephalad to the point of contact with the 
dura (Fig. 51-20, D). Occipital, cervical, and thoracic 
sinuses can all occur but are less common. Also, sinuses 
and other dysraphic lesions, such as myelomeningoceles, 
can coexist. The chief risks of undiagnosed dorsal dermal 
sinuses are infection and compression injury by any  
associated intradural mass.73-78
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FIGURE 51-16. Intradural juxtamedullary lipoma in 2-week-old girl. A, Transverse view of the pelvis shows the partially 
full urinary bladder (B), the newborn uterus (U), and an intervertebral disc space of the sacrum (D). The spinal cord is too low and is 
visible from an anterior approach (arrow). B to G, Traditional views of the spine, scanning the neonatal back. B, C, and D, Progressively 
inferior transverse views reveal the rightward skew of the abnormally low spinal cord (arrow), which is also pulled into an abnormally 
dorsal position by the lipoma (L). 
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sacrococcygeal teratoma, is particularly important in the 
era of fetal surgery.83,84

Diastematomyelia

Diastematomyelia and split cord malformation are 
equivalent malformations in which there is sagittal divi-
sion of the cord into two hemicords, each containing a 
central canal, a single ventral horn, and a single dorsal 
horn.4 It is likely that this anomaly results from sagittal 
splitting of the embryonic notochord, perhaps resulting 
from an obstacle to cell migration from Henson’s node.85 
The diagnosis of diastematomyelia can be made with 
ultrasound in the newborn period61,80,86,87 (Fig. 51-22). 
About one half of patients with diastematomyelia have 
some surface stigmata of an underlying malformation, 
such as hypertrichosis, nevi, lipomas, dimples, or vascu-
lar lesions.4 Despite this, it is not unusual for the diag-
nosis to be delayed until older childhood because scoliosis 
or other characteristic neurologic or orthopedic symp-
toms develop. MRI is necessary beyond the neonatal 
period to establish the diagnosis. Definition of any divid-
ing cartilaginous or bony septum is an important part of 

Myelocystocele

A myelocystocele is a malformation in which the dilated 
central canal of the spinal cord protrudes dorsally 
through a bony spina bifida. Myelocystoceles can occur 
at the cervical, thoracic, or lumbosacral levels. They are 
quite distinct from myelomeningoceles and are skin 
covered.4,61 When occurring at the lumbosacral level, 
they are designated terminal myelocystoceles; these are 
quite rare.79 The diagnosis can be firmly established with 
ultrasound or MRI when the low-lying cord terminus 
ends in a cyst that is in communication with the central 
canal of the spinal cord. Expanded subarachnoid space 
tends to surround the distal cord and terminal cyst. Fluid 
within the terminal cyst does not communicate with the 
expanded subarachnoid space.80-82 On fetal sonography, 
the terminal myelocystocele can mimic the diagnosis  
of myelomeningocele or even sacrococcygeal teratomas 
(Fig. 51-21). It is important to note that myelocystoceles 
are not usually associated with the Chiari II malfor-
mation, whereas myelomeningoceles almost always  
are associated. The precise antenatal diagnosis of  
terminal myelocystocele, versus myelomeningocele or 

E

G

F

E and F, Sagittal views of the low cord (white arrow) with the clearly visible tethering lipoma (black arrows). 
G, The correlative sagittal T2-weighted MR image, oriented to match the ultrasound, reveals the abnormally low cord (C) and the lipoma 
(curved black arrow).

FIGURE 51-16, cont’d. 
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FIGURE 51-17. Lipomyelomeningocele in newborn. A, Sagittal split-screen collage of the low spinal cord (arrow). B, Trans-
verse view shows the neural placode posteriorly displaced (arrow) and the CSF-filled meningocele surrounding the placode. C, Distal end 
of the tethered cord is incorporated into the lipoma (arrow).
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FIGURE 51-18. Fibrolipoma of filum terminale. A, Sagittal ultrasound, and B, transverse T1-weighted MR image, show that 
filum terminale is abnormally thickened and echogenic (arrow), with high T1 signal in the filum (arrow) on MRI.
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FIGURE 51-19. Tethered cord in two infants. A, Newborn with an interposed filar cyst (C). B, Newborn, and C, fetus at 30 
weeks, with a tethered cord in the setting of the VATER association (vertebral defects, imperforate anus, tracheoesophageal fistula, and 
radial and renal anomalies. Arrow indicates the point of tethering.
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FIGURE 51-20. Dorsal dermal sinus. Transverse and sagittal views, pairing ultrasound and T1-weighted MRI. A and B, Transverse 
views reveal the open connection among the subcutaneous fatty layer, overlying muscles, and vertebral canal (arrows). C and D, Sagittal 
views show the obliquity of the connecting sinus (arrows). The skin-side opening is superior to the level of dural connection. This is a 
typical configuration.
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FIGURE 51-21. Terminal myelocystocele in a fetus 
at 31 weeks’ gestation. Oblique coronal view shows the 
well-defined, echogenic skin covering characteristic of these lesions 
(arrows).

FIGURE 51-22. Diastematomyelia in 3-year-old 
girl. Transverse scan of lumbar canal shows two hemicords (h), 
confirmed on MRI and at surgery; V, vertebral body; curved 
arrows, dorsal dura.

surgical planning, sometimes necessitating the additional 
step of spinal CT.

The fetal diagnosis of diastematomyelia is heralded by 
the disorganized appearance of the vertebral column, 
with a fusiform segment of vertebral canal widening, and 
a visible dividing septum in the center of the area of 
widening.88,89 Such early diagnosis should allow prompt 
surgical attention and may improve prognosis. Diaste-
matomyelia may occur in isolation or in conjunction 
with other anomalies, such as myelomeningocele, 
lipomas, dermal sinuses, and dermoids.4 There are rare 
reports of teratomas occurring in newborns in a position 
immediately dorsal to the site of diastematomyelia.90

Split Notochord Syndrome

The split notochord syndrome describes a complex 
group of anomalies thought to be caused by an abnor-
mal, persistent connection between the dorsally located 
ectoderm and ventrally located endoderm of the early 
embryonic disc. This may occur during the process of 
gastrulation.10 These malformations include dorsal 
enteric fistula, cyst, sinus, and diverticulum. The dorsal 
enteric fistula is an abnormal connection that runs from 
the intestinal cavity through the prevertebral soft tissues, 
vertebral bodies, vertebral canal, spinal cord, and poste-
rior elements and ends on the dorsal skin surface in the 
midline.4 The dorsal enteric cyst, sinus, and diverticu-
lum occur at various positions along this course as por-
tions of the dorsal enteric fistula are obliterated or persist. 
Included within this overall category are neurenteric 
cysts, which tend to be seen anterior to the vertebral 
column at a level well inferior to the associated vertebral 
anomaly.91 More than one of these persistent anomalous 

connections can occur in the same patient.92 Enteric 
cysts can occur within the vertebral canal, typically 
ventral or ventrolateral to the spinal cord.4 Lesions 
within the vertebral canal and large cysts immediately 
anterior or anterolateral to the vertebral body should be 
visible with spine sonography in the newborn period. 
The diagnosis of fetal neurenteric cyst has been reported 
in the setting of a cystic thoracic mass with associated 
vertebral anomalies.93-95

The long and complex list of anomalies termed occult 
spinal dysraphism includes both relatively common and 
extraordinarily rare diagnoses. As mentioned, there is 
often an abnormality in the contour or character of the 
overlying skin of the back. When this is the case, neonatal 
spine sonography is the ideal screening modality. The 
younger the infant, the better is the sonographic window 
and the more confident the diagnosis. As vertebral ossifi-
cation progresses and the infant becomes more active, 
fewer details are visible with ultrasound (Fig. 51-23). 
Should an abnormality be detected, MRI is often 
requested. Because surgical correction is often not planned 
in the newborn period, MRI should be delayed until 
immediately before surgery so that as much information 
as possible can be gleaned from the study. Spine MRI in 
the newborn period can be technically challenging.

A well-established body of literature has shown an 
increased incidence of urogenital and anorectal  
anomalies in association with spinal dysraphism.96-102 
The following anomalies are listed in order of increasing 
incidence of associated dysraphism: ectopic or low 
imperforate anus, high imperforate anus, the cloacal 
malformation, and cloacal exstrophy.97 About one 
third of infants with high imperforate anus, one half with 
the cloacal malformation, and essentially all with cloacal 
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exstrophy have associated spinal cord anomalies. One 
could argue that the cloacal exstrophy group should 
forgo the ultrasound step and go straight to MRI. A large 
percentage of the other groups can avoid sedated MRI 
if they are shown on ultrasound to have a normal-
appearing spine in the newborn period. Because patients 
with spinal dysraphism often have associated renal 
anomalies, the kidneys should always be examined as 
part of the routine newborn spine ultrasound examina-
tion (Fig. 51-24).

FIGURE 51-23. Sacral dimple in 4-month-old girl. 
On sagittal view of the lumbar spine, heavy posterior element 
calcification casts a shadow (arrows), making it difficult to observe 
the spinal cord.
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ANOMALIES AT RISK FOR  
SPINAL DYSRAPHISM

Cloacal exstrophy (100%)
Cloacal malformation (50%)
High imperforate anus (30%)
Ectopic or low imperforate anus

FIGURE 51-24. Associated renal anomalies. A, Transverse 
view reveals detailed anatomy of the psoas muscle (P) and kidney (K). 
B, Transverse view of horseshoe kidney; curved arrows, anterior margin 
of kidney. C, Coronal view of moderate hydronephrosis in another 
patient.



1752  PART V ■ Pediatric Sonography

segmentation include block vertebrae and unilateral 
unsegmented bars. Fusion can occur at myriad sites, 
including the anterior and posterior spinal column, or at 
facet joints.114

Ultrasound of the newborn spine allows detailed visu-
alization of both the cartilaginous and the bony elements 
of the vertebral column (Fig. 51-26). Therefore, both 
prenatal and postnatal ultrasound can visualize and char-
acterize many of the formational vertebral anomalies and 
is probably an underutilized tool.115-118 The suspicion of 
a subtle vertebral anomaly seen on radiographs in the 
newborn period when ossification is incomplete can 
often be proved or refuted with spine sonography (Figs. 
51-27, 51-28, and 51-29).

Well-described syndromes in which hemivertebrae, 
fused vertebrae, and hypoplastic vertebrae are a major 
feature include the rare autosomal recessive Jarcho-
Levin syndrome, also called spondylothoracic dysos-
tosis. Vertebral body height is short, and the small size 
of the thorax often leads to severe respiratory compro-
mise and early death.119 Based on these striking vertebral 
anomalies and family history, diagnosis of Jarcho-Levin 
can be suggested on fetal sonography.120,121 Larsen syn-
drome is another inherited disorder characterized by 
vertebral segmentation anomalies, particularly involving 
the upper thoracic and cervical levels. Multiple joint 
dislocations are also characteristic.122,123 The fetal diag-
nosis of Larsen syndrome has been based on vertebral 
body segmentation anomalies and multiple joint dis-
locations.124 Klippel-Feil syndrome also prominently 
involves cervical segmentation anomalies leading to limi-
tations in neck motion.125 The MURCS association 
(müllerian duct agenesis, renal agenesis or ectopia, and 
cervicothoracic somite dysplasia) has the additional char-
acteristic of associated genitourinary anomalies.126,127

TUMORS

Tumors positioned in and around the vertebral canal 
are rare. In the neonatal period, intraspinal neuroblas-
toma is the most likely diagnosis when such a mass is 
discovered.128 These lesions tend to calcify and extend 
into the vertebral canal from the retroperitoneum.  
Both the calcium and the course of extension can be 
observed with sonography (Fig. 51-30). These infants 
may present with a palpable abdominal mass or signs 
of spinal cord compression. Other differential possibili-
ties in the situation of intraspinal tumor extension 
include hemangioma and rhabdoid tumor.129 There 
are a few reports of primary intramedullary neoplasms, 
such as gliofibroma.130

Sacrococcygeal teratomas most often present in the 
fetal or newborn period as a sacral mass. These hetero-
geneous teratomas tend to recur and are generally 
described as mature or immature.131-134 Altman’s clas-
sification of sacrococcygeal teratomas describes the extent 

CAUDAL REGRESSION

The syndrome of caudal regression traditionally encom-
passes a spectrum of anomalies from the extreme of 
sirenomelia, with fusion of the lower extremities, to 
varying degrees of lumbosacral agenesis.103 The tradi-
tional embryologic explanation is an insult to the caudal 
mesoderm, including the cloaca and caudal cell mass, 
during secondary neurulation.4 Because the caudal cell 
mass gives rise to the most distal spinal levels, beginning 
with the second sacral level, and because the spectrum 
of caudal regression can begin as high as the thoracic 
level, this lesion should begin during germ cell forma-
tion. Others have proposed that an interruption of the 
primitive streak results in an error of both primary 
and secondary neurulation to produce this spectrum of 
anomalies.104

About 15% of patients with caudal regression are 
infants of diabetic mothers.105 These patients have 
varying degrees of absence of the caudal end of the spine. 
The spectrum includes isolated absence of the coccygeal 
vertebrae to absence of the distal thoracic, lumbar, sacral, 
and coccygeal vertebral bodies. Some patients with 
higher levels of vertebral agenesis have associated imper-
forate anus, agenesis of the bladder, and absence of 
one or both kidneys. The position of the spinal cord 
terminus tends to be unusually high and has an abnor-
mally rounded or wedge shape (Fig. 51-25). An associ-
ated cord tethering by a fibrolipoma of the filum 
terminale is occasionally seen.105,106 If the sacral vertebrae 
are absent, the iliac wings become closely opposed. There 
is often associated dislocation of the hips.

Detection of caudal regression is possible by fetal 
sonography.107-109 The condition has been reported in 
one of a set of monozygotic twins of a diabetic mother. 
This suggests that some factor, other than isolated hyper-
glycemia, is implicated in its causation.110 Genetic studies 
show a correlation between a terminal deletion of  
chromosome 7 and sacral agenesis with the additional 
anomaly of holoprosencephaly.111-113 This implies that 
genes at this site are involved in the development of brain 
segmentation and the caudal region.

VERTEBRAL BODY ANOMALIES

Recall that the vertebral column arises from paired 
somites that organize around the developing spinal cord, 
differentiating in a cranial-to-caudal direction. Each pair 
gives rise to a single vertebral body and single set of 
posterior elements. During the sixth week, chondrifica-
tion begins. Ossification begins at about week 9. The 
intervertebral disc develops from perinotochordal mes-
enchymal cells.114 Hemivertebrae result from a disrup-
tion of the primary ossification center and pairing defects 
of the involved sclerotomes. Disorders of vertebral  
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FIGURE 51-25. Caudal regression syndrome in 4-week-old girl. A, Sagittal view of the conus medullaris reveals its tip 
is abnormally rounded (arrow). B, Sagittal view of the truncated, distal end of the vertebral column reveals an abnormally upturned and 
truncated cartilaginous tip (black arrows). C, Transverse view of absent sacrum at the expected position of the sacral spine shows the 
cartilaginous posterior margin of the iliac wings to be directly apposed (arrow) with no separating sacrum. D, Normal comparison of the 
relationship of the posterior, cartilaginous iliac wings (arrow) in most infants. E, Frontal radiograph of the pelvis demonstrates the directly 
apposed medial aspects of the iliac wings, absent distal lumbar and sacral spine, and dislocated hips. F, Lateral radiograph demonstrates 
the truncated vertebral column.
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a presacral mass.146-150 The so-called sacral agenesis 
tends to occur in an asymmetrical pattern, and thus a 
partial crescent-shaped sacrum is observed. The presacral 
mass may consist of a teratoma, meningocele, or enteric 
cyst. Although a tendency exists to make the diagnosis 
of Currarino triad in childhood, screening with ultra-
sound in infancy might be warranted in patients with a 
provocative family history.

HEMORRHAGE AND INFECTION

Hemorrhage within the vertebral canal can occur in new-
borns in association with trauma, such as a birth injury, 
or with an invasive procedure, such as lumbar puncture. 
Hemorrhage from birth trauma can be centered at any 
vertebral level. Hemorrhage related to lumbar puncture 
is originally centered at the point of needle placement 
but can extend superiorly and inferiorly for some dis-
tance. These primarily epidural collections can be visual-
ized acutely as echogenic fluid that quickly becomes 
heterogeneous and then anechoic in appearance151,152 
(Fig. 51-35). Injury to the spinal cord itself is also visible 
with ultrasound as a hyperechoic focus in the acute 
phase.153 Echogenic debris within the subarachnoid 
space is sometimes visible with ultrasound after lumbar 
puncture (Fig. 51-36). This may represent hemorrhage 
from the trauma of the procedure or may be caused by 
redistribution of hemorrhage originally found in the 
cerebral ventricles of infants with known intraventricular 
hemorrhage.154

The importance of prompt recognition and treatment 
of epidural abscesses is well documented in the historical 
literature.155 In the newborn period, and perhaps even 
later, ultrasound is useful in detecting such collec-
tions.156,157 This is particularly true if the infant is 

of the mass and is helpful in presurgical planning135 
(Table 51-1). These masses tend to have a very hetero-
geneous appearance on ultrasound, including solid and 
cystic components (Figs. 51-31 and 51-32). Sacrococ-
cygeal teratomas do not generally enter the vertebral 
canal, but there are rare reports of such extension.136

Modern fetal imaging, including ultrasound and MRI, 
makes the in utero diagnosis of sacrococcygeal teratoma 
possible137-139 (Fig. 51-33). Occasionally, the distinction 
between the diagnosis of myelomeningocele and sacro-
coccygeal teratoma is challenging.140 Demonstration of 
feeding vessels and relative hyperemia in teratomas with 
color Doppler sonography can aid in making this distinc-
tion141 (Fig. 51-34). In fact, the extreme hyperemia of 
these tumors can sometimes lead to fetal demise from 
high-output cardiac failure or newborn death by exsan-
guination at delivery.142-144 Therefore, in the situation of 
developing fetal hydrops, some centers are performing 
fetal excision of sacrococcygeal teratomas.145

An interesting hereditary association, the Currarino 
triad, includes anorectal stenosis, sacral agenesis, and 

FIGURE 51-26. Normal vertebral sonographic anatomy. A, Sagittal view of the distal lumbar spine shows fine definition 
of vertebral body anatomy. The cartilaginous tips of the posterior spinous processes are seen (arrows), as well as the posterior margin of 
the cartilaginous portion of the L3 vertebral body (curved arrow). B, More distal sagittal view shows the cartilaginous posterior elements 
of the midsacral spine (arrows).
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TABLE 51-1. ALTMAN’S 
CLASSIFICATION OF  

SACROCOCCYGEAL TERATOMAS

TYPE DESCRIPTION

I The bulk of the mass is external, with only a minimal 
presacral component.

II Both large external and large internal components are 
present.

III A relatively small amount of tumor is external, but the 
bulk of the mass is internal.

IV There is no external mass because the tumor is 
exclusively presacral.

Text continued on page 1763
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FIGURE 51-27. Imperforate anus in 2-month-old boy. A, Sagittal ultrasound view of the coccyx reveals an abnormally 
truncated sacrum. The very tip is cartilaginous (curved arrow), and there are block vertebral body anomalies (black arrow). B, The accom-
panying lateral radiograph of the spine reveals the same findings. C and D, Transverse and sagittal views of the pelvis show fecal material 
in the distended rectum (arrows), before surgical repair of the imperforate anus.
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FIGURE 51-28. Imperforate anus. A, Extended–field of view image reveals the abnormal sacral truncation and block vertebrae 
(arrows). B, Enlarged view of the same region. C, Accompanying radiograph shows the area of vertebral fusion (curved arrow). D, Sagittal 
view of the thoracic spine, and E, frontal radiograph, reveal an additional block vertebrae (arrows).

A B C

D E



FIGURE 51-29. Abnormal fusion in 9-week-old boy. 
Abnormal fusion of the posterior elements (arrow) created a firm mass 
to palpation.
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FIGURE 51-30. Neuroblastoma with intraspinal extension. This 4-week-old girl presented with rectal prolapse. Initial 
imaging included spinal sonography. A and B, On sagittal views (oriented to match MR images), a homogeneously echogenic mass was 
discovered within the lumbar vertebral canal (arrow). C, Paired sagittal left and right views of the psoas muscle demonstrate the clear 
asymmetry. On the right side, the mass can be seen to deviate the psoas muscle anteriorly (straight arrow) and to protrude through the 
neural foramen (curved arrow). Continued
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D, T2-weighted MR image in the sagittal plane, oriented to match the ultrasound, reveals the same mass 
(black arrows). E and F, Transverse sonogram shows that the mass fills the canal, and there is also a clear connection with the retroperi-
toneum on the right side (black arrows). G, T2-weighted MR image reveals the same unusual dumbbell-like configuration of an intraspinal 
mass with a visible connection to a paraspinal/retroperitoneal mass. H, Coronal T2-weighted MR image reveals the intraspinal mass 
compressing the conus medullaris and its contiguity with the retroperitoneal mass.
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FIGURE 51-30, cont’d.
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FIGURE 51-31. Sacrococcygeal teratoma. Three-day-old infant girl presented with “fullness” in the buttocks. A, Sagittal view 
shows a complex mass immediately anterior to the cartilaginous coccyx. Portions of the mass are cystic (C). B, More distal view reveals 
the tip of the coccyx (curved arrow). The large mass extended even below the end of coccyx (straight arrows). C, Extended–field of view 
image gives another sense of the relative size of the mass (M) compared to the rest of the spine (arrow, end of coccyx), but the contour 
of the skin of the buttocks was not distorted.
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FIGURE 51-32. Intrapelvic sacrococcygeal teratoma. Three-year-old girl presented with bladder outlet obstruction. 
A, Sagittal ultrasound view of the pelvis shows a complex cystic mass (M) that might have been mistaken for the urinary bladder. The 
mass was compressed immediately against the anterior wall of the sacrum (S). B, Reconstructed sagittal, and C, direct axial, CT 
views reveal the mass (M) and the distended urinary bladder (B). High-intensity material is barium within the anteriorly displaced rectum 
(curved arrow).
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FIGURE 51-33. Cystic sacrococcygeal teratoma. A, Fetus at 25 weeks’ gestation. The distal end of the calcified spine (black 
arrow) and the cystic portion of the mass (M) are demonstrated. B, Postnatal ultrasound. The mass (M) is positioned immediately anterior 
to the coccyx (C) and immediately posterior to the posterior wall of the rectum (arrows). A large portion of the mass was external, and a 
small tongue of the tumor extended into a presacral, retrorectal position. C, Normal infant, sagittal view, shows air within the rectum 
(arrow), which hugs the anterior aspect of the coccyx.
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FIGURE 51-34. Sacrococcygeal teratoma. A, Fetal ultrasound at 30 weeks’ gestation revealed a complex mass (M). B, Color 
Doppler sonogram shows unusually prominent vessels feeding the mass (arrows). C, Transverse view of mass (arrowheads) shows dependent 
fluid levels (arrow), suggesting previous in utero hemorrhage.
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highly detailed imaging possible, even in older patients.162 
Masses can be precisely localized, and optimal position 
of the neck and thus the cervical cord can be determined 
before cervical vertebral fusion. Ultrasound has success-
fully guided fine-needle aspiration biopsy of lytic verte-
bral body and paraspinal mass lesions.163 Definition of 
postoperative collections is also possible (Fig. 51-37). In 
general, the superficial soft tissues of the back are well 
defined by ultrasound. Superficial hemangiomas of the 
back, frequently the impetus to perform spine sonogra-
phy, are well delineated on ultrasound (Fig. 51-38).

FIGURE 51-35. Epidural hemorrhage. Transverse view 
of the lumbar spine shows the hypoechoic spinal cord with closely 
positioned, echogenic nerve rootlets surrounded by a halo of 
anechoic fluid (arrows), caused by an epidural hemorrhage after a 
lumbar puncture. This hemorrhage became anechoic over time.

FIGURE 51-36. Hemorrhage in cisterna magna after lumbar tap. A, Sagittal view of the craniocervical junction before 
a lumbar tap using the foramen magnum as a window reveals anechoic fluid in the cisterna magna (arrow). B, The same region contains 
internal echoes, indicating the presence of hemorrhage (H), after lumbar tap.

A B

FIGURE 51-37. Seroma. Transverse view of the back in a 
6-year-old child after posterior spinal fusion for scoliosis. Cursors 
indicate the presence of a seroma.

medically unstable and transfer to the MRI suite is deemed 
too risky. It is important to scan the entire length of the 
vertebral column and to pay special attention to the integ-
rity of the vertebral bodies in these patients.

OTHER POTENTIAL USES OF 
SPINAL SONOGRAPHY

Many authors have described the use of intraoperative 
spinal sonography in minimizing surgical invasion of the 
spinal cord and in analyzing normal and abnormal cord 
motion.158-161 Once a laminectomy has been performed, 
the extended window into the vertebral canal makes 
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FIGURE 51-38. Subcutaneous hemangiomas. A, Transverse ultrasound of a palpable, red mass adjacent to the coccyx (C) in 
a newborn. There is no extension into the vertebral canal, and the underlying spinal cord (arrow) is normal. B, Sagittal ultrasound view 
of another infant shows an echogenic lesion that does not distort the skin surface. The standoff pad is helpful to demonstrate or exclude 
changes in skin contour.

A B
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INDICATIONS FOR CHEST 
SONOGRAPHY

Extracardiac chest sonography is limited by air in the 
lungs and bone in the rib cage. However, ultrasound is 
valuable for evaluating the abnormal chest in which fluid 
and solid densities interpose between the chest wall and 
lung. Sonography is particularly well suited for the evalu-
ation of pleural effusions. The thymus, liver, and spleen 
provide windows for chest sonography. Any radiographi-
cally opaque chest can be further evaluated by sonogra-
phy to determine whether there is pleural fluid, a chest 
mass, atelectasis, consolidation, or lung hypoplasia. 
Ultrasound can be used to guide thoracentesis, chest 
tube placement, or biopsy of the pleura, the lung, or a 
mediastinal mass.

ULTRASOUND TECHNIQUE

Linear transducers with frequencies ranging from 5 to 
15 MHz are used for chest ultrasound.1 Diaphragmatic 
motion can be assessed using M-mode ultrasound and 
real-time video comparison of right-to-left motion. 
Color flow Doppler imaging is useful to demonstrate 
vascular supply, which is important in the diagnosis of 
sequestration. The selection of the frequency of the 
transducer is inversely dependent on patient size. Higher 
frequencies are used for infants and lower frequencies for 
adolescents.2

Sector or vector transducers are used for intercostal 
and suprasternal approaches. Linear transducers with the 

long axis of the transducer aligned with the intercostal 
space can also be used. We have found that the smaller 
footprint of newer linear transducers provide improved 
resolution compared to vector transducers using the 
intercostal window (Fig. 52-1).

Acoustic windows are better in infants because of the 
unossified sternum and larger thymus. Transabdominal 
ultrasound of the lower chest, including the diaphragm, 
can be performed using the liver, spleen, or fluid-filled 
stomach as acoustic windows. Sector, vector, or linear 
array transducers can be used for this purpose.

Free pleural fluid is dependent in position and will 
shift with patient repositioning. Ultrasound of the 
dependent areas will identify free pleural fluid and will 
show loculated fluid, which is not dependent.

SONOGRAPHIC SIGNS OF 
PLEURAL FLUID

The most frequent use of chest sonography is for the 
evaluation of a completely radiopaque hemithorax (Fig. 
52-2) or a partially radiopaque hemithorax (Fig. 52-3). 
Ultrasound distinguishes pleural from pulmonary causes 
of opacification. Chest ultrasound is more sensitive than 
decubitus radiographs for detecting small amounts of 
pleural fluid (Fig. 52-4). Pleural fluid collections less 
than 4 mm in thickness can be physiologic and detected 
in normal children placed into the elbow position after 
lying for 5 minutes in a left lateral decubitus position.3 
Pleural effusions transmit sound waves, allowing visual-
ization of structures deep to the pleura that are not 
normally identifiable, including the posterior wall. The 
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Exudates can be anechoic but are more likely than 
transudates to be complex collections with associated 
fibrin septations. The collections may be multiloculated 
with a honeycomb appearance.5 Exudates are associated 
with pleural thickening and underlying parenchymal 
abnormality.6 Complex collections such as a hemotho-
rax (Fig. 52-7) or empyema (Fig. 52-8) have thicker 
fluid with septations (Fig. 52-9). Underlying consoli-
dated or atelectatic lung is more echogenic than an effu-
sion. Complicated effusions are characterized by an 
irregular or indistinct interface between pleura and the 
adjacent lung. A fibrothorax has a thick pleural rind that 
is echogenic. Multiple hyperechoic foci in the lung are 
caused by residual air within bronchi and alveoli and are 
called sonographic air bronchograms (Fig. 52-10).

Free fluid changes position with changes in the 
patient’s position. Fluid will move posterior to the liver 
and lungs when the patient is in a supine position (Fig. 
52-11). When the patient is upright, the fluid will move 
between the lung and diaphragm. Free fluid is indicated 
by change in the shape of pleural fluid with inspiration 
and expiration and the presence of moving septations 
within the pleural fluid7 (Video 52-1). These septations 
are fibrin strands. To-and-fro motion is unequivocal evi-
dence that the fluid has a relatively low viscosity.

Fluid Color Flow Doppler Signal

Color flow Doppler ultrasound aids in distinguishing 
pleural effusion from pleural thickening or complex col-
lections.7 Color Doppler signal is identified during respi-
ratory motion between the visceral and parietal pleura in 
the presence of pleural effusion. Cell movement, debris, 
and fibrin scatter sound waves, producing the color flow 
Doppler signal in the pleural fluid collection (Fig. 
52-12). Organized pleural thickening will appear as a 
colorless pleural lesion with no Doppler signal. The color 
flow Doppler signal has high sensitivity and specificity 
in determining if a fluid collection can be aspirated.2 

posterior chest wall is normally obscured when the liver 
is used as an acoustic window because intervening aerated 
lung reflects the sound beam.

Intercostal and subdiaphragmatic windows are used to 
access the pleural space. The spleen and liver are good 
windows to the pleural space because they are relatively 
homogeneous, solid organs that provide good through-
transmission (Figs. 52-5 and 52-6). The classic appear-
ance of transudative pleural effusion is an echo-free or 
hypoechoic collection without septations immediately 
deep to the chest wall, but exudates can also be anechoic.4 
In a recent report, transudative pleural effusions were 
anechoic in only 45% of patients, with a complex non-
septated pattern present in 55% of transudates.4 The 
improved resolution of modern ultrasound equipment 
allows for better resolution of small particles in transu-
dates. Therefore, echogenicity in pleural collections does 
not exclude the diagnosis of a transudate.

INDICATIONS FOR CHEST 
SONOGRAPHY

Fluid Detection and Treatment
Pleural effusions
Pericardial effusion
Thoracentesis and chest tube placement

Masses
Mediastinal masses
Thymus relationship to masses
Extension of neck masses into chest
Peripheral lung mass
Chest wall mass
Needle biopsy of masses
Sclerotherapy of lymphatic malformation

Differentiation
Subpulmonic vs. subphrenic fluid
Tumor vs. large or persistent pleural effusion
Chest wall mass vs. pleural fluid
Cystic vs. solid masses
Consolidation vs. atelectasis
Round pneumonia vs. mediastinal mass
Thymus vs. mediastinal mass

Diaphragm Disorders
Diaphragmatic paralysis
Diaphragmatic hernia
Diaphragm defect
Rupture of diaphragm

Vascular Indications
Vascular access
Catheter position in vessels
Vascular thrombi

Uncommon Indications
Pneumothorax
Rib fracture
Rib osteomyelitis

SONOGRAPHIC SIGNS OF  
PLEURAL FLUID

Hypoechoic fluid collection under chest wall
Moving septations are loculated.
Posterior chest wall is visualized behind the fluid.
Hypoechoic fluid is above diaphragm.
Free fluid moves with respiration.
Septations move if loculated fluid.
Color Doppler signal between visceral and parietal 

pleura
Color Doppler signal at costophrenic angle
Diaphragm sign (fluid outside or peripheral to 

diaphragm)
Displaced-crus sign
Bare-area sign

Text continued on page 1776
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FIGURE 52-1. Pneumonia on chest ultrasound. A, Linear transducer. B, Vector transducer. Air bronchograms from pneu-
monia are seen better with linear transducers than vector transducers, especially when the air bronchograms are closer to the chest wall 
and there is no intervening pleural fluid. C and D, Air bronchograms within a round pneumonia in another child are better visualized 
with a linear transducer (C) than with a vector transducer (D), despite the intervening rib shadows.

A B

C D
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FIGURE 52-2. Radiopaque hemithorax: neonatal chylothorax. A, Anteroposterior chest radiograph in 2-week-old infant 
shows opacified right chest and shift of heart and mediastinum to left. B, Sonogram through liver shows that the opacity is a large accu-
mulation of fluid around a collapsed lung. C, Right chest opacification with shift of the heart to the left side, suggesting fluid in the right 
pleural space. No drainage was obtained from a chest tube. D, Sonogram through liver shows that the right chest is filled with solid tissue, 
which at surgery was infected with aspergillosis extending from the liver. (From Seibert RW, Seibert JJ, Williams SL: The opaque chest: 
when to suspect a bronchia foreign body. Pediatric Radiol 1986;16:193-196.)

A B
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FIGURE 52-3. Partially radiopaque hemithorax. A, Radiograph. B and C, Sonograms show left upper lobe pneumonia with 
left pleural fluid. D to F, Another patient with partially opaque right hemithorax. D and E, Posteroanterior and lateral chest radiographs. 
F, Sonogram shows that the radiopacity is hypoechoic, loculated fluid collection in the minor fissure.

A B C
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FIGURE 52-4. Pneumonia with small amount of pleural fluid. A and B, Posteroanterior and left lateral decubitus chest 
radiographs did not show pleural fluid. C, Sonography performed in upright position shows small amount of pleural fluid in the dependent 
region (arrow). Echogenic air bronchograms within the consolidated lung confirm presence of underlying pneumonia.

A B
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FIGURE 52-5. Pleural fluid seen through splenic 
window. Longitudinal sonogram shows a small amount of fluid 
in the left pleural space.

FIGURE 52-6. Empyema seen through hepatic 
window. Sonography of pleural space through the hepatic 
window shows presence of echogenic fluid in the right pleural 
space.

FIGURE 52-7. Hemothorax. Moderately echogenic right 
effusion is present after trauma from four-wheeler crash. Atelec-
tasis of the right lower lung is present, with some hyperechoic air 
bronchograms visible.

FIGURE 52-8. Empyema caused by pneumonia. 
Longitudinal sonogram shows echogenic fluid in the right pleural 
space above the diaphragm. Purulent drainage contained gram-
positive and gram-negative rods and gram-positive cocci.
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FIGURE 52-9. Septated pleural fluid. A and B, Posteroanterior and lateral radiographs show right pleural fluid with obliterated 
right hemidiaphragm. C, Longitudinal sonogram shows septated pleural fluid. D and E, Transverse and longitudinal sonograms of two 
other patients with septated pleural fluid.

A B

C D E

FIGURE 52-10. Sonographic air bronchograms 
within pneumonia. Multiple echogenic linear air shadows 
called sonographic air bronchograms are seen within the consoli-
dated lung (L) in this child with pneumonia.
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FIGURE 52-11. Posterior pleural fluid over bare 
area of liver. Transverse scan through liver with patient in 
supine position shows triangular consolidated lung (air broncho-
grams) behind the liver (black arrow) and fluid (white arrow) 
posterior to lung and liver (Li).

Li

FIGURE 52-12. Color flow Doppler signal in pleural fluid with debris. A, Gray-scale sonogram shows left pleural fluid 
with much debris. B, Color flow Doppler signal.

A B

The fluid color flow Doppler signal is particularly useful 
in distinguishing if small, loculated collections can be 
aspirated.

Diaphragm Sign

When the liver or spleen is used as an acoustic window 
and fluid is seen adjacent to them, the location of the 
fluid is determined in reference to the diaphragm’s  

position. If the fluid is inside the diaphragm and more 
centrally located, it is ascites. If the fluid is outside the 
diaphragm and more peripherally located, it is in the 
pleural space (see Fig. 52-5).

Displaced-Crus Sign

There is fluid in the pleural space if the fluid is inter-
posed between the crus and the vertebral column, dis-
placing the crus away from the spine.

Bare-Area Sign

The posterior aspect of the right lobe of the liver is 
directly attached to the posterior diaphragm without 
peritoneum. Thus, ascitic fluid in the subhepatic or sub-
phrenic space cannot extend behind the liver at the level 
of the bare area. Pleural fluid will extend behind the liver 
at the level of the bare area (see Fig. 52-11).

Advantages and Disadvantages  
of Sonography

Ultrasound, unlike computed tomography (CT), is a 
portable, bedside technique, making it ideal for evaluat-
ing chest opacification detected by conventional radio-
graphs in the critically ill infant or child, to distinguish 
pulmonary from pleural disease (Fig. 52-13). Septations 
are better visualized by ultrasound than CT (Fig. 52-14). 
CT is better at identifying pulmonary parenchymal 
abnormalities, but this does not improve the outcome in 
managing empyema.8

A limitation of chest sonography is that very homo-
geneous, solid, hypoechoic lesions may appear fluid filled 
(Fig. 52-15). The criteria for fluid-filled structures in the 
abdomen are (1) lack of internal echoes, (2) a sharp 



FIGURE 52-13. Bilateral pleural fluid and pericardial fluid in critically ill patient. A, Chest radiograph of infant 
receiving extracorporeal membrane oxygenation (ECMO) shows complete lung opacification. B, Transverse sonogram shows pleural fluid 
around both collapsed lungs and a small amount of pericardial fluid.
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FIGURE 52-14. Septations in pleural space are seen better on 
sonograms than CT scans. A, Chest radiograph shows opacified left hemithorax. 
B, Sonogram shows a septated fluid collection. C, CT scan shows pleural fluid, but the 
septa are not well visualized. D, In another child with cystic fibrosis, radiograph shows 
left-sided pleural fluid with an obliterated right costophrenic angle. Postoperative changes 
of lung transplant and cholecystectomy are noted. E, Sonogram shows septated pleural 
fluid on the right side, in addition to F, echogenic pleural fluid with few septations on the 
left side. G, CT scan shows bilateral pleural fluid, but septations at the right base are not 
well visualized.
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common in those younger than 4 years.9 Most collec-
tions are not infected, but many evolve into empyemas 
with frank pus. Parapneumonic effusions detected  
by ultrasound can be prognostic in children with pneu-
monia. Children with complicated collections charac-
terized by septations have longer hospital stays and 
benefit from intrapleural fibrinolytic therapy or surgical 
procedures.10

An empyema or lung abscess adjacent to the chest 
wall or to acoustic windows such as the liver or spleen 
usually appears as a complex collection with fluid-debris 
levels and septations. Abscesses and empyemas usually 
exhibit different types of motion when visualized by 
ultrasound. An abscess demonstrates expansion of the 
entire circumference with inspiration, whereas with an 
empyema, only the internal wall adjacent to the lung 
shows slight motion. Lung abscesses may be difficult  
to differentiate from empyema when the empyema  
contains multiple, loculated air collections caused by 
thoracentesis. Air-fluid collections move with patient 
repositioning, which can aid in distinguishing empyema 
from abscess (Figs. 52-16 and 52-17).

LUNG PARENCHYMA

Consolidated lung is hypoechoic relative to the highly 
reflective, air-filled, normal surrounding lung. Consoli-
dated lung echogenicity is similar to the liver (Fig. 
52-18), but sonographic air bronchograms differentiate 
it from liver. Strong, nonpulsatile, branching, linear 
echoes produced by air-filled bronchi converge toward 
the root of the lung. The linear pattern of bright echoes 
is observed when scanning parallel to the long axis of the 

posterior wall, and (3) increased through-transmission of 
sound deep to the collection of fluid. The lack of echo-
genicity is a relative phenomenon that is judged by the 
echogenicity of the surrounding structures. The air-filled 
lung deep to a pleural collection will have a strong echo-
genic interface regardless of the nature of the pleural 
collection. Fluid in the pleural space produces acoustic 
enhancement. The lack of referenced solid or cystic 
structures in the chest makes detection of increased 
through-transmission difficult to judge within the chest. 
Observing a change in shape of the pleural fluid during 
respiration, the movement of echogenic particles, and 
the fluid color flow Doppler signal is helpful in distin-
guishing thick pleural fluid from solid masses. Consoli-
dated lung superficial to aerated lung will have increased 
through-transmission compared with the aerated lung 
and can be identified as lung parenchyma by the pres-
ence of air or fluid bronchograms. Collapsed or con-
solidated lung tissue often has the appearance of the liver 
or spleen.

Another pitfall in the sonographic evaluation of the 
chest is the acoustic shadow cast by a rib (rib shadow-
ing), which may confuse the inexperienced sonographer 
into misinterpreting that a mass is anechoic. The trans-
ducer should be placed between the ribs to avoid this 
pitfall. The echogenicity of the mass or pleural lesion can 
be compared with that of the liver.

PARAPNEUMONIC COLLECTIONS 
AND LUNG ABSCESS

Parapneumonic collections occur in up to 40% of  
children with bacterial pneumonia and are especially 

FIGURE 52-15. Hypoechoic metastases from renal cell carcinoma. A, CT scan in teenager shows multiple metastases. 
B, Sonogram shows large pleural mass that is relatively hypoechoic.
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FIGURE 52-16. Air-fluid levels in complex empyema. A, Chest radiograph; B, CT scan; and C, sonogram through liver. 
D, Upright sonogram. Air-fluid levels change when patient is erect (air moved up and out of this transverse scan through lower chest). 
E, Transverse intercostal scan through anterior chest wall shows both the linear lines of bronchi (arrow) at random pattern and the linear 
lines of air (curved arrow) in the pleural fluid, all at one level in a supine view.
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FIGURE 52-17. Thick pleural fluid with changing appearance in empyema. A, Chest radiograph shows pleural fluid 
that is not draining by chest tube. B, Transverse sonogram shows very thick fluid with no air bronchograms. C, Differential thick fluid-
fluid level caused by change in position.

A B C
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FIGURE 52-18. Echogenicity of air bronchograms in consolidated lung. A, Chest radiograph shows an opacified left 
chest with some air bronchograms. B, Transverse scan shows fluid (F) around consolidated lung (L), which has echogenicity similar to 
the liver. Air bronchograms within the consolidated lung (arrow). C and D, Sonograms of another patient show consolidated lung with 
air bronchograms and surrounded by fluid.
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bronchi (Fig. 52-19). When the scanning is done at 
more acute angles, scattered echoes of variable lengths 
produced by the sonographic air bronchograms are 
observed (Fig. 52-20). Posterior reverberation and 
acoustic shadowing can be seen and are related to the 
large, proximal, air-filled bronchi. If there is adjacent 
pleural fluid, the hypoechoic consolidated lung can be 
differentiated from the hypoechoic-to-anechoic pleural 
effusion by identification of these sonographic air 
bronchograms.

Round Pneumonia

Round pneumonia is more common in children under 
8 years of age, but 15% occur between 8 and 12 years.11 
Poor development of the pores of Kohn and channels of 
Lambert in children lead to centrifugal spread of pneu-
monia.12 The advancing front is sharply demarcated 

from unaffected lung, causing the characteristic focal 
round mass that mimics a posterior mediastinal mass. 
Most round pneumonias are posterior within the lower 
lobes. Ultrasound shows air bronchograms in the mass, 
confirming that it is a round pneumonia (Fig. 52-21).

Atelectasis

Atelectatic lung is similar in echogenicity to liver (Fig. 
52-22). Sonographic air bronchograms may be present 
in atelectatic lung, but the air bronchograms are more 
crowded than in pneumonia because the lung volume is 
decreased. Bronchi can be filled with fluid rather than 
air, creating fluid bronchograms. The echogenic, paral-
lel, branching walls are filled with hypoechoic fluid, 
without the acoustic shadowing and reverberation arti-
facts normally seen with air. Color flow Doppler sonog-
raphy differentiates fluid-filled bronchi from vessels.
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aorta, and pulmonary artery, are well imaged through the 
thymus. These vessels are more conspicuous with color 
Doppler ultrasound (Fig. 52-23). The left brachioce-
phalic vein courses transversely from left to right, poste-
rior to the thymus, to enter the SVC. This is useful to 
determine catheter position (Fig. 52-24) and the presence 
of a thrombus in children with central venous catheters.

Doppler examination is useful in identifying throm-
bus within the subclavian vein, SVC, and pulmonary 

MEDIASTINUM

Chest Vessels

The normal thymus is an excellent acoustic window to 
view normal mediastinal structures and mediastinal 
masses. The thymus is anterior to the great vessels and 
extends inferiorly to the upper portion of the heart. The 
great vessels, including the superior vena cava (SVC), 

FIGURE 52-19. Pneumonia showing branching, tubular air bronchograms. This 2-week-old girl had persistent fever 
and purulent endotracheal drainage after coarctation repair. A, Chest radiograph shows right parenchymal infiltrates and possible pleural 
fluid. B, Transverse sonogram shows consolidated lung parenchyma (arrows) with echogenic, branching, tubular (arrowheads) air-filled 
bronchi. No pleural fluid was seen. At autopsy, necrotizing pneumonia was found throughout right lung without evidence of empyema. 
C, Color flow Doppler sonogram in another patient shows echogenic branching air bronchograms with intervening branching vessels.

A B C

FIGURE 52-20. Pneumonia showing scattered air bronchograms. A and B, Transverse and longitudinal sonograms of 
two patients in a plane that is not parallel to the long axis of the bronchi show scattered echoes of variable lengths from scattered air 
bronchograms. Fluid surrounds the consolidated lung.

A B
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FIGURE 52-21. Round pneumonia. A and B, Posteroanterior and lateral chest radiographs show round pneumonia referred as a 
posterior mediastinal mass in this 2-year-old child. C and D, CT scans of chest, abdomen and pelvis show pneumonia. E and F, Sonograms 
done through posterior chest wall shows presence of air bronchograms within the lesion, confirming round pneumonia. Ionizing radiation 
from CT scan of chest, abdomen, and pelvis could have been avoided. G, Lateral chest radiograph shows a rounded opacity posteriorly 
in this 12-year-old child. H, Transverse sonogram shows air bronchograms within the lesion, confirming it as round pneumonia, with a 
small amount of pleural fluid surrounding the consolidated lung. Ultrasound diagnosis helped avoid ionizing radiation from a CT scan.

A B C

D E F

G H



FIGURE 52-22. Atelectasis from foreign body. A, Chest radiograph shows air bronchograms in opacified right side of chest 
with shift of the heart to the right, indicating volume loss. B, Transverse sonogram through liver shows no fluid in chest. Multiple air 
bronchograms (arrow) are seen within collapsed lung. At endoscopy, foreign body was found in right main stem bronchus. (From Seibert 
RW, Seibert JJ, Williamson SL: The opaque chest: when to suspect a bronchial foreign body. Pediatr Radiol 1986;16:193-196.)

A B

FIGURE 52-23. Normal thymus and great vessels of chest. A and B, Longitudinal and transverse sonograms show normal 
thymus echotexture in a 31-month-old boy. Superior vena cava and aorta are seen through the thymic window. C, Color flow Doppler 
image shows normal great vessels in the chest in transverse scan through the thymus in another child. SVC, Superior vena cava; PUL, 
pulmonary artery; PDA, posterior descending artery.
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membrane oxygenation (ECMO).17 Doppler waveforms 
may be different in patients receiving ECMO because 
their resistive indices are low. Recurrent SVC thrombosis 
has been reported in a child with activated protein C 
resistance.18

artery (Fig. 52-25). Thrombosis of the axillary or sub-
clavian vein secondary to thoracic outlet syndrome13 is 
seen on ultrasound Doppler study in Paget-Schroetter 
syndrome14,15 (Fig. 52-26). It results from an abnormal 
insertion of the costoclavicular ligament laterally on the 
first rib, along with hypertrophy of the scalenus anticus 
muscle.

The Doppler waveform is abnormal when thrombo-
sis or obstruction of the SVC is present. Doppler 
ultrasound findings include (1) loss of biphasic SVC 
waveform, (2) continuous forward flow rather than  
distinct systolic and diastolic peaks, (3) a turbulent  
flow profile, (4) increased velocity downstream, and (5) 
decreased velocity upstream.16 Venous thrombosis is 
reported in 20% of children receiving extracorporeal 

FIGURE 52-24. Normal hyperalimentation. A, Chest radiograph with contrast injection shows catheter in superior vena cava. 
B, Longitudinal sonogram. C, Transverse sonogram shows no clot on catheter (arrowhead). Thymus (T) was used as window. S, Superior 
vena cava.
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SUPERIOR VENA CAVA THROMBOSIS: 
DOPPLER SONOGRAPHIC FINDINGS

Loss of biphasic waveform
Continuous forward flow (no systolic or diastolic 

peaks)
Turbulent flow
Increased downstream velocity
Decreased velocity upstream
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FIGURE 52-25. Pulmonary embolus. A, Chest radiograph shows hyperlucent left lung in 4-year-old child. B, Pulmonary 
perfusion scan shows no perfusion to left lung. C, Transverse sonogram through heart shows saddle embolus in main pulmonary artery. 
TH, Thrombus; RVOT, right ventricular outflow tract; AO, aorta; RA, right atrium; RPA, right pulmonary artery.
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FIGURE 52-26. Paget-Schroetter syndrome. A, Gray-scale; B, color flow; and C, spectral Doppler waveform (C) images show 
subclavian vein thrombosis with absence of color flow and absence of Doppler signal secondary to a thoracic outlet syndrome in a 17-year-
old female equestrian. (Courtesy Dr. Charles A. James, Arkansas Children’s Hospital, Little Rock.)
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Mediastinal Masses

A CT scan and magnetic resonance imaging (MRI) are 
the primary modalities for evaluation of mediastinal 
masses detected by chest radiography. A widened supe-
rior mediastinum detected on chest radiography can be 
evaluated initially by sonography. Detection of normal, 
but prominent thymus rather than a mediastinal mass 
precludes the need for CT. Lymphatic malformations 
(Fig. 52-27) are composed of dilated lymphatic sacs of 
variable size, which may appear unilocular or multilocu-
lar. Lymphatic malformations may undergo hemorrhage, 
in which case the lesion appears as a uniformly echogenic 
mass or multiple cysts containing echogenic debris. Sep-
tations in cystic masses are better identified by ultra-
sound than by CT or MRI. Mediastinal ultrasound can 
also determine whether chest masses extend into the 
neck. Retrosternal thyroid mass extension detection by 
ultrasound is helpful for surgical planning. In children 
less than 1 year old, sternal ossification centers are 
unfused, the mineral content of the bones and cartilage 

is lower than in older children, and the thymus is much 
larger relative to other structures. Acoustic windows 
through the sternum, costal cartilages, and thymus allow 
ultrasound evaluation of mediastinal structures.

Three longitudinal planes can be identified in the 
mediastinum (Fig. 52-28): right parasagittal through the 
SVC, sagittal through the aortic root, and left parasagit-
tal through the pulmonary outflow tract. Two distinct 
transverse planes through the mediastinum can be 
identified (Fig. 52-29): the superior plane at the conflu-
ence of the brachiocephalic veins and SVC and a lower 
transverse plane where the SVC, aorta, and pulmonary 
outflow tract are visualized.

Ultrasound-guided percutaneous biopsy of anterior 
and superior mediastinal masses abutting chest wall is 
safe and can provide a tissue diagnosis.19 Color Doppler 
ultrasound before biopsy can rule out vascular lesions 
that would preclude biopsy.

Suprasternal sonography can also be useful for detect-
ing small and large mediastinal masses, particularly  
lymphoma. Mediastinal sonography for masses should 
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FIGURE 52-27. Macrocystic lymphatic malformation in 7-month-old girl. A, Chest radiograph shows opacity in left 
upper chest and neck. B and C, Sonograms show multiple cystic spaces. D, CT scan. E, T2-weighted coronal, and F, T1-weighted post-
contrast, axial MR images are better at defining the extent of the lesion. CT scan fails to show multicystic architecture of the lesion.
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rhage occur, the cyst may contain echogenic debris from 
proteinaceous fluid, mucus, or blood.

Thymus

The thymus is located in the superior mediastinum ante-
rior to the great vessels in the superior mediastinum, 
from superior edge of the manubrium to the fourth 
costal cartilage. The thymus is mildly hypoechoic relative 
to liver, spleen, and thyroid. It shows some echogenic 
strands. A fine granular echotexture gives the thymus a 
“starry sky” appearance (see Fig. 52-23). A fibrous 
capsule gives the thymus a smooth, well-defined margin.

Thymic index is the product of thymic width mea-
sured on transverse images and the area of the largest 
lobe measured on a longitudinal image21-23 (Table 52-1). 
The thymic index has acceptable correlation with actual 
thymus weight and volume. The measurement is per-
formed during expiration to obtain a standardized size. 
Thymic index is greater in children with active atopic 
dermatitis than in healthy controls24 (Fig. 52-30). Larger 
thymic index at birth is associated with lower infant 
mortality rate.25 Thymic size varies with age, and 
normal thymic index values have been established21-23 
(Table 52-2).

include major vessels or cardiac chambers in the field of 
view so that mass and vessel echogenicity can be com-
pared directly. This prevents the pitfall created by reduc-
ing the gain setting in response to the hyperechoic 
appearance of adjacent lung. The reduced gain setting 
gives a false hypoechoic appearance to a solid mass. Jux-
taphrenic paravertebral masses may be detected with 
a subxiphoid or transdiaphragmatic approach. Ultra-
sound allows characterization of masses as solid or cystic 
and detection of calcifications.

Posterior mediastinal masses, including neurogenic 
tumors, make up the majority of mediastinal masses in 
young infants. The most common mediastinal mass in 
older children is lymphadenopathy resulting from leuke-
mia or lymphoma.

Lymphadenopathy appears as hypoechoic nodules. 
Lymph nodes in lymphoma are more hypoechoic and 
more hypovascular than inflammatory lymph nodes.20 
Germ cell tumors can have variable appearance. Terato-
mas are heterogenous masses that contain fat, bone, and 
cystic elements.

Neurogenic tumors appear as a lobulated or well-
defined hypoechoic mass with granular or flecklike cal-
cifications. Neurenteric cysts are well-defined, anechoic 
lesions with thin walls. When inflammation and hemor-
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FIGURE 52-28. Normal mediastinum. Longitudinal views through thymus (T). A, Right lateral view through superior vena cava 
(SVC). B, Midline view through aorta. C, Left lateral view through pulmonary outflow tract. LV, Left ventricle; PA, pulmonary artery; 
RV, right ventricle.
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irregular or lobular margin, heterogeneous echogenicity, 
coarse echotexture, and calcifications.

EXTRACARDIAC CHEST MASSES

Chest sonography can be used to evaluate chest masses 
outside of the mediastinum if they are adjacent to the 
pleura or to an acoustic window such as the liver or 
spleen. A patient with persistent pleural fluid not 
responding to drainage can be evaluated by ultrasound 
for a possible underlying tumor (Fig. 52-31). It is impor-
tant to compare the echogenicity of the mass with  
adjacent structures such as the liver, spleen, or heart. 
Doppler imaging may be helpful in evaluating whether 
a chest mass is vascular in origin. Malignant chest masses 
demonstrate a low-impedance, high-diastolic-flow 
Doppler signal.29

Sonography is particularly valuable in evaluating a 
paradiaphragmatic mass, which may be a diaphragm 
eventration, a diaphragmatic hernia (Fig. 52-32), 
or an intrathoracic kidney.30 These abnormalities 

FIGURE 52-29. Normal mediastinum, transverse view. A, Superior plane with innominate vein catheter running through 
thymus to superior vena cava (S). B, Inferior plane through superior vena cava (SVC), aorta (A), and pulmonary artery (PA).
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TABLE 52-1. FORMULA FOR CALCULATION OF THYMIC INDEX

Thymic index
(cm3)

= Area of the largest lobe
(cm2)

× Transverse dimension of thymus from right lateral edge to left lateral edge
(cm)

Area of the lobe of thymus
(cm2)

= Craniocaudad dimension
(cm)

× Anteroposterior dimension
(cm)

Superior herniation of thymus into the neck is a rare 
entity in which there is intermittent migration of the 
broadest part of the normal thymus out of the thorax 
into the suprasternal region. Real-time ultrasound shows 
that the mass moves into the neck during Valsalva 
maneuver, with an increase in the intrathoracic pressure, 
and has typical echotexture of thymus, thereby avoiding 
unnecessary biopsy and surgery.26

Cervical ectopic thymus is an uncommon variant. A 
hypoechoic mass with characteristic thymic ultrasound 
echotexture is identified along the track of the thymo-
pharyngeal duct.27,28 The thymus can protrude into the 
chest wall as a bulging mass because of a congenital 
sternal defect. Real-time ultrasound can demonstrate 
movement of herniated thymus during respiratory cycles.

Benign abnormalities of thymus in children include 
thymic cyst, intrathymic hemorrhage, thymolipoma, 
and thymoma. Thymus may also be involved by hem-
angioma, lymphatic malformation, or Langerhans cell 
histiocytosis. Malignant infiltration of thymus is also 
seen in lymphoma and leukemia. Thymic cysts are 
anechoic. The other abnormalities of thymus may show 
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has pulmonary tissue with separate pleura. Children with 
extralobar sequestration typically present in infancy. 
Intralobar sequestration is acquired following pneumo-
nia and is associated with bronchial obstruction and 
compromised pulmonary artery supply. Hypertrophy  
of parasitized systemic arteries, such as the phrenic  
and inferior pulmonary ligament arteries, supply the 

frequently are associated with respiratory compromise, 
making bedside, portable sonography the study of choice. 
Less common diaphragmatic masses detected by sonog-
raphy include hemangioma,31 primitive neuroectodermal 
tumor,32 and primary embryonal rhabdomyosarcoma.33

Pulmonary sequestrations may be extralobar or 
intralobar.34,35 Extralobar sequestration is congenital and 

FIGURE 52-30. Thymic index measurement in healthy 31-month-old boy. A, Transverse sonogram shows measure-
ment of transverse dimension of the thymus from right lateral edge to the left lateral edge. B and C, Longitudinal images of right lobe 
and left lobe of thymus, respectively. Area of each lobe is measured by multiplying the craniocaudad and anteroposterior dimensions. 
Images were obtained during expiratory phase. Area of the right lobe (5.9 cm2) is larger than the left lobe (3.5 cm2). Thymic index 
(19.5 cm3) is the product of area of the larger lobe (5.9 cm2) and transverse dimension (3.3 cm) of the thymus.
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sequestered lung. The intralobar sequestered lung is typi-
cally present in the lower lobes and is enclosed by the 
visceral pleura of the parent lung. Ultrasound may show 
a hypoechoic mass in the lower lobe (Fig. 52-33). Color 
Doppler can demonstrate a systemic vessel supplying  
the hypoechoic mass in both extralobar and intralobar 
sequestration.

Congenital pulmonary airway malformation 
(CPAM),36 previously known as congenital cystic ade-
nomatoid malformation (CCAM), is of three types. 
Type I has one or more large cysts measuring more than 
2 cm in size. Type II has multiple small cysts. Type III 
has microcysts but appears solid on ultrasound and on 
gross examination.1 Unlike pulmonary sequestration, no 
systemic vascular supply can be demonstrated in CPAM. 
The type I variety shows anechoic rounded areas that 
measure more than 2 cm in size. Type II shows multiple 
small anechoic areas that are smaller than 2 cm. Type III 
appears echogenic and solid. The cysts are too small to 
be delineated.
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TABLE 52-2. NORMAL THYMIC INDEX 
FOR CHILDREN UNDER 2 YEARS OF AGE

AGE (MONTHS)

Thymic Index (cm3)

AVERAGE
STANDARD 

DEVIATION (SD)

Premature 11.9 3.9
0-1 18.1 6.7
1-2 25.4 9.4
2-3 22.3 6.9
3-4 26.8 10.3
4-5 29.7 17.6
5-6 24.2 9.3
6-8 22.2 8.9
8-10 21.5 6.8
10-12 23.2 7.2
12-18 17.2 6.4
18-24 15.4 5.6

Modified from Yekeler E, Tambag A, Tunaci A, et al. Analysis of the thymus in 
151 healthy infants from 0 to 2 years of age. J Ultrasound Med 
2004;23:1321-1326.

FIGURE 52-31. Mesothelioma. A, Radiograph of young 
girl with opacified left chest. B, Sonogram shows fluid with 
multiple echogenic pleural nodules (arrow). T, Tumor; L, lung. 
C, MRI shows the pleural (arrow) and parenchymal tumors.
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Pulmonary masses except for metastasis are rare in 
children. Ultrasound may show the pulmonary mass but 
may not be able to provide a specific diagnosis. CT is 
required for evaluation of extent of mass. Biopsy might 
be required to arrive at a specific diagnosis. Pulmonary 
blastoma is a rare mass that starts at the lung periphery 
and can be viewed on ultrasound.37

Bronchogenic cysts or bronchopulmonary foregut 
malformations may be identified by chest ultrasound if 
they are adjacent to the chest wall (Fig. 52-34). Sub-
phrenic abscesses, pericardial cysts, and pericardial fat 
pads are visualized adjacent to the diaphragm using the 
liver or spleen as a window. Chest wall masses may be 
evaluated by sonography.

DIAPHRAGM

Ultrasound is the bedside examination of choice for evalu-
ation of suspected diaphragmatic motion abnormalities. 
Real-time sonography is the only imaging procedure that 

simultaneously evaluates the paradiaphragmatic spaces, 
the hemidiaphragms, and their motion.

Bilateral comparison of hemidiaphragm motion can 
be observed by placing the transducer in the subxiphoid 
position in a transverse orientation, angled upward 
toward the posterior leaflets of the hemidiaphragms (Fig. 
52-35). Such comparison can be done with transverse 
sonographic scanning in infants (Video 52-2), but in 
older children (Video 52-3), unilateral sagittal scanning 
of each diaphragm is necessary. A comparison of the 
maximal excursion of the diaphragm for each side using 
B-mode or B/M-mode is more accurate than fluoroscopy 
in demonstrating diaphragmatic movement abnormal-
ity.38 In the artificially ventilated patient, the respirator 
must be disconnected for approximately 5 to 10 seconds 
to observe unassisted respiration. With paralysis, there is 
absent or paradoxical motion on one side and exagger-
ated excursions on the opposite side. Diaphragm paral-
ysis show right hemidiaphragm paralysis is a frequent 
concern after cardiac surgery39,40 (Video 52-4). Severe 
eventration and a diaphragmatic hernia may also show 
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FIGURE 52-32. Morgagni’s hernia. A, Anteroposterior 
radiograph of the chest demonstrates a mass adjacent to the heart 
on the right. B, Longitudinal scan demonstrates liver extending 
into the chest. C, Transverse midline scan over the lower chest 
demonstrates liver (L) extending into the chest between the heart 
(H) and stomach (S).
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FIGURE 52-33. Sequestration. A, Chest radiograph of 4-year-old child shows large mass in left lower chest. B, Left longitudinal 
sonogram shows solid mass with air bronchograms (arrows) and appearance of lung (L) above spleen (S); V, blood vessel in mass. C, CT 
scan shows diffuse areas of bronchiectasis throughout mass. D, Color Doppler ultrasound shows arterial feeding vessel from aorta to 
sequestration in another patient. (Courtesy Carol M. Rumack, MD.)

A B

C D

4

L V

S



Chapter 52 ■ The Pediatric Chest  1793

FIGURE 52-34. Bronchopulmonary foregut malformation (duplication cyst). A, Posteroanterior radiograph shows 
round mass in left upper lung. B, Posterior sonogram shows fluid-filled cyst with “back-wall enhancement due to increased through 
transmission.’’ C, CT scan, and D, MR image, show fluid-filled chest mass.
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FIGURE 52-35. Paralyzed left hemidiaphragm compared to normal right hemidiaphragm. Bilateral diaphrag-
matic motion comparison using gray-scale ultrasound shows change in position and shape of right hemidiaphragm (R) on A and B, but 
no change on left. C, M-mode sonogram in another patient shows left hemidiaphragmatic paralysis. D, Normal excursions of right side.
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FIGURE 52-36. Follow-up of diaphragmatic paralysis. Gray-scale real-time and M-mode ultrasound. A, Child with complex 
congenital heart disease shows left hemidiaphragmatic paralysis. B, Spontaneous recovery of left hemidiaphragmatic motion was observed 
on follow-up sonogram.

A B

paradoxical motion. During real-time evaluation of dia-
phragm motion, M-mode sonography can also be used 
in follow-up to monitor changes in diaphragm func-
tion41 (Fig. 52-36). Sonography can demonstrate rupture 
of the diaphragm42 (Fig. 52-37).

ULTRASOUND-GUIDED 
PROCEDURES

Sonography is an excellent method for guiding pleural 
fluid aspiration and chest wall lesion biopsy. Ultra-
sound can be used either for marking the skin overlying 
a fluid collection or for directly visualizing a needle 
during insertion into a collection (Fig. 52-38). Skin 
marking for fluid aspiration is usually performed at the 
bedside with the patient in the upright position. Ultra-
sound is particularly helpful in determining whether the 
pleural effusion will respond to simple drainage or will 
require surgical decortication.43 If the fluid is relatively 
anechoic or clear, simple drainage with thoracentesis or 
chest tube drainage is an adequate treatment. If the fluid 
is thick with multiple septations, and if the patient does 
not respond promptly to antibiotic therapy, decortica-
tion or video-assisted thoracic surgery may be recom-
mended.10,44 More recently, complicated parapneumonic 

effusions and empyemas have been successfully treated 
in up to 93% of children using tissue plasminogen acti-
vator administered through a small-bore chest tube.45

Empyema surrounded by lung may appear to be a 
pulmonary abscess on sonography. Changing the patient 
position and the viewing planes can help distinguish an 
empyema from a lung abscess (Fig. 52-39). An abscess 
should be visualized in two planes.

Ultrasound is useful in the evaluation of pulmonary 
consolidation. It can be used to guide needle aspiration 
for etiologic diagnosis in patients with complicated 
pneumonia, as well as aspiration of microabscesses in 
necrotizing pneumonia.

Sonography can detect pneumothoraces after thora-
centesis.46 Before and after thoracentesis, the ipsilateral 
pulmonary apex and adjacent lung should be examined 
in the upright position for normal pleural respiratory 
movement. If the pleural respiratory motion is absent, a 
pneumothorax should be suspected.

Sclerotherapy for macrocystic lymphatic malforma-
tion under ultrasound guidance has the advantage of 
dynamically visualizing the procedure reaction that 
causes obliteration of the macrocysts47 (Fig. 52-40). 
Unlike fluoroscopy guidance, the residual cysts are easily 
seen under ultrasound guidance and can be targeted for 
further sclerotherapy.
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FIGURE 52-37. Intrathoracic fat with traumatic rupture of diaphragm. A, Chest radiograph shows round mass in 
left lower lung adjacent to left cardiophrenic border. B, Transverse sonogram shows echogenic mass. C, CT shows mass with fat density. 
During drainage of empyema 4 years earlier, chest tube had ruptured through diaphragm and omental fat-filled defect at surgery.
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FIGURE 52-38. Ultrasound-guided thoracentesis. A, Pleural fluid with septa and debris. B, Sonogram shows position of the 
needle tip within the pleural fluid.
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FIGURE 52-39. Empyema requiring surgical decortications in patient with sickle cell anemia. A, Thick fluid 
(black arrow) around lung (L) with multiple loculations. Thick, putty rind was found at surgery. Possible intraparenchymal abscesses (white 
arrow) on upright transverse scan. B, On supine scan through the liver, only empyema surrounds the lung (L); no abscess is present.

A B

L

Supine

L

FIGURE 52-40. Ultrasound-guided sclerotherapy of macrocystic lymphatic malformation. A, Sonogram shows 
multiple cysts within the right chest wall and axilla extending into the mediastinum. B, CT scan shows extent of the lesion. C and D, 
Sonograms show needle and dilator, respectively, within the lesion. E, Sonogram immediately after sclerotherapy injection shows excellent 
response.
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OSTEOMYELITIS AND  
RIB FRACTURES

Ultrasound may be used to demonstrate the soft tissue 
swelling associated with osteomyelitis of the ribs. The 
ultrasound demonstration of thickening around the ribs 
may be the first sign of periosteal edema associated with 
early osteomyelitis before the radiographic changes of 
bone destruction are present. Rib fractures in infants 
that might be difficult to identify on radiography can be 
detected by ultrasound.48

References

Ultrasound Technique
1. Coley BD. Pediatric chest ultrasound. Radiol Clin North Am 

2005;43:405-418.
2. Riccabona M. Ultrasound of the chest in children (mediastinum 

excluded). Eur Radiol 2008;18:390-399.

Sonographic Signs of Pleural Fluid
3. Kocijancic K. Ultrasonographic forms of pleural space in healthy 

children. Coll Antropol 2007;31:999-1002.
4. Chen HJ, Tu CY, Ling SJ, et al. Sonographic appearances in transuda-

tive pleural effusions: not always an anechoic pattern. Ultrasound 
Med Biol 2008;34:362-369.

5. Kim OH, Kim WS, Kim MJ, et al. Ultrasound in the diagnosis of 
pediatric chest diseases. Radiographics 2000;20:653-671.

6. Feller-Kopman D. Ultrasound-guided thoracentesis. Chest 2006; 
129:1709-1714.

7. Wu RG, Yang PC, Kuo SH, Luh KT. “Fluid color” sign: a useful 
indicator for discrimination between pleural thickening and pleural 
effusion. J Ultrasound Med 1995;14:767-769.

8. Jaffe A, Calder AD, Owens CM, et al. Role of routine computed 
tomography in paediatric pleural empyema. Thorax 2008;63: 
897-902.

Parapneumonic Collections and Lung Abscess
9. Pinotti KF, Ribeiro SM, Cataneo AJ. Thorax ultrasound in the man-

agement of pediatric pneumonias complicated with empyema. Pediatr 
Surg Int 2006;22:775-778.

10. Chen KY, Liaw YS, Wang HC, et al. Sonographic septation: a useful 
prognostic indicator of acute thoracic empyema. J Ultrasound Med 
2000;19:837-843.

Lung Parenchyma
11. Kim YW, Donnelly LF. Round pneumonia: imaging findings in a 

large series of children. Pediatr Radiol 2007;37:1235-1240.
12. Gaston B. Pneumonia. Pediatr Rev 2002;23:132-140.

Mediastinum
13. Arthur LG, Teich S, Hogan M, et al. Pediatric thoracic outlet syn-

drome: a disorder with serious vascular complications. J Pediatr Surg 
2008;43:1089-1094.

14. Urschel Jr HC, Patel AN. Surgery remains the most effective treat-
ment for Paget-Schroetter syndrome: 50 years’ experience. Ann 
Thorac Surg 2008;86:254-260; discussion 260.

15. Serial quantitative coronary analyses for the evaluation of one-year 
change in saphenous vein grafts (retraction). Ann Thorac Surg 
2008;86:1726.

16. Lv FQ, Duan YY, Yuan LJ, et al. Doppler superior vena cava flow 
evolution and respiratory variation in superior vena cava syndrome. 
Echocardiography 2008;25:360-365.

17. Riccabona M, Kuttnig-Haim M, Dacar D, et al. Venous thrombosis 
in and after extracorporeal membrane oxygenation: detection and 
follow-up by color Doppler sonography. Eur Radiol 1997;7: 
1383-1386.

18. Provenzale JM, Frush DP, Ortel TL. Recurrent thrombosis of the 
superior vena cava associated with activated protein C resistance: 
imaging findings. Pediatr Radiol 1998;28:597-598.



Chapter 52 ■ The Pediatric Chest  1799

44. Chiu CY, Wong KS, Huang YC, et al. Echo-guided management of 
complicated parapneumonic effusion in children. Pediatr Pulmonol 
2006;41:1226-1232.

45. Feola GP, Shaw LC, Coburn L. Management of complicated parap-
neumonic effusions in children. Tech Vasc Interv Radiol 2003;6: 
197-204.

46. Pihlajamaa K, Bode MK, Puumalainen T, et al. Pneumothorax and 
the value of chest radiography after ultrasound-guided thoracocente-
sis. Acta Radiol 2004;45:828-832.

47. Duman L, Karnak I, Akinci D, Tanyel FC. Extensive cervical-
mediastinal cystic lymphatic malformation treated with sclerotherapy 
in a child with Klippel-Trenaunay syndrome. J Pediatr Surg 2006;41: 
e21-e24.

Osteomyelitis and Rib Fractures
48. Kelloff J, Hulett R, Spivey M. Acute rib fracture diagnosis in an infant 

by ultrasound: a matter of child protection. Pediatr Radiol 2009;39: 
70-72.



CHAPTER 53 

The Pediatric Liver  
and Spleen

Sara M. O’Hara

Chapter Outline

ANATOMY
Portal Vein Anatomy

Left Lobe of Liver
Right Lobe of Liver

Hepatic Vein Anatomy
NEONATAL JAUNDICE
Choledochal Cyst
Spontaneous Rupture of Bile Duct
Paucity of Interlobular Bile Ducts 

and Alagille Syndrome
Biliary Atresia
Neonatal Hepatitis
Neonatal Jaundice and Urinary Tract 

Infection/Sepsis
Inborn Errors of Metabolism
STEATOSIS (FATTY 

DEGENERATION OR 
INFILTRATION)

CIRRHOSIS
CHOLELITHIASIS
LIVER TUMORS
Identification
Benign Liver Tumors

Hemangiomas
Infantile Hemangioendotheliomas

Mesenchymal Hamartomas
Adenomas
Focal Nodular Hyperplasia

Malignant Liver Tumors
Hepatoblastoma
Hepatocellular Carcinoma
Undifferentiated Embryonal Sarcoma
Biliary Rhabdomyosarcoma
Metastases

Detection of Tumor Angiogenesis
LIVER ABSCESS AND 

GRANULOMAS
Pyogenic Abscess
Parasitic Abscesses

Amebiasis
Echinococcosis
Schistosomiasis

Granulomas of the Liver
DOPPLER ASSESSMENT OF LIVER 

DISEASE AND PORTAL 
HYPERTENSION

Basic Principles
Normal Flow Patterns in Splanchnic 

Vessels
Possibilities and Pitfalls
Sonographic Technique

Child with Liver Disease
Abnormal Flow Patterns within 

Portal System
Absent Doppler Signal
Arterialized Flow Patterns
Reversed or To-and-Fro Flow
Abnormal Hepatic Arterial Doppler 

Patterns
Portal Venous Hypertension
Prehepatic Portal Hypertension
Intrahepatic Portal Hypertension
Suprahepatic (Posthepatic) Portal 

Hypertension
Surgical Portosystemic Shunts
DOPPLER SONOGRAPHY IN 

CHILDREN RECEIVING LIVER 
TRANSPLANT

Pretransplantation Evaluation
Posttransplantation Evaluation
Multiorgan Transplants
THE SPLEEN

ANATOMY

The anatomy of the liver can be explored in many planes 
with sonography. The usual course of intrahepatic vessels 
and their normal variants can be traced.1 There is a 
simple sonographic approach to the segmental anatomy 
of the liver based on the nomenclature of the French 
surgeon Couinaud,2 who described the segments accord-
ing to the distribution of the portal and hepatic veins. 
Each segment has a branch (or a group of branches) of 
the portal vein at its center and a hepatic vein at its 
periphery. Each lobe of the liver contains four segments. 
The segments are numbered counterclockwise: 1 through 
4 make up the left lobe, and 5 through 8, the right lobe. 
Segment 1 is the caudate lobe or Spiegel lobe. The right 
and left lobes are separated by the main hepatic fissure, 
a line connecting the neck of the gallbladder and the left 
side of the inferior vena cava (IVC) (Fig. 53-1).

The segmental branches of the portal vein (each one 
of which leads into a segment) can be outlined in the 
form of two Hs turned sideways, one for the left lobe 
(segments 1-4) and one for the right lobe (segments 5-8) 
(Fig. 53-2).

Portal Vein Anatomy

Left Lobe of Liver

The H of the left lobe is visualized with an oblique, 
upwardly tilted subxiphoid view. The H is formed by 
the left portal vein, the branch entering segment 2, the 
umbilical portion of the left portal vein, and the branches 
to segments 3 and 4 (see Fig. 53-2). To this recumbent 
H are attached two ligaments, the ligamentum venosum, 
also called the lesser omentum or the hepatogastric  
ligament, and the falciform ligament. The ligamentum 

1800
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horizontal limb of the H. Segmental branches to seg-
ments 3 and 4 form the other horizontal limb (Fig. 
53-2). Segments 2 and 3 are thus located to the left of 
the umbilical portion of the left portal vein, the ligamen-
tum venosum, and the falciform ligament. Segment 4, 
the quadrate lobe, is situated around the right anterior 
limb of the portal venous H, to the right of the umbilical 
portion of the left portal vein and the falciform ligament 
(Fig. 53-2). Segment 4 is separated from segment 5 by 
the main hepatic fissure (Fig. 53-1, B) and from seg-
ments 5 and 8 by the middle hepatic vein. The quadrate 
lobe is separated from segment 1 by the left portal vein.

Right Lobe of Liver

The right portal vein and its branches are best seen with 
a sagittal or oblique midaxillary intercostal approach. In 

venosum separates segment 1 from segment 2 (Figs. 
53-1, B, and 53-2, A). The falciform ligament is seen 
between the umbilical portion of the left portal vein2 and 
the outer surface of the liver (Figs. 53-1, A and B, and 
53-2, A and C). It separates segment 3 from segment 4.

Segment 1, the caudate lobe, is bordered posteriorly 
by the IVC, laterally by the ligamentum venosum, and 
anteriorly by the left portal vein (Fig. 53-1, B). Unlike 
the other segments of the liver, segment 1 may receive 
branches of the left and right portal veins. The portal 
veins to segment 1 are usually small and are rarely seen 
sonographically. The caudate lobe has one or more 
hepatic veins that drain directly into the IVC, separately 
from the three main hepatic veins.3 This special vascu-
larization is a distinctive characteristic of segment 1.

The portal vein leading to segment 2 is a linear con-
tinuation of the left portal vein, completing the lower 

FIGURE 53-1. External segmental anatomy of the liver. Segments are numbered in a counterclockwise direction. Their 
borders are marked with string. A, Upper and anterior surface. Note the whitish falciform ligament that separates segments 3 and 4. 
B, Lower surface: the forceps are in the main portal vein. The gallbladder has been removed from its bed, which separates segments 4 and 
5. The vertical string between segments 4 and 5 and between 1 and 7 follows the gallbladder/middle hepatic vein axis and marks the main 
hepatic fissure, the division between right and left lobes. Segment 1, the caudate lobe, is to the right of the forceps. Segments 3 and 4 are 
separated by the falciform ligament; 1 and 2 by the ligamentum venosum. C, Schema of the hepatic segments with their portal venous 
branches (upper anterior, viewed as in A). D, Diagram of the portal and hepatic veins and their relationship to the segments (lower liver 
surface, viewed as in B). (From Ikeda S, Sera Y, Yamamoto H, et al. Effect of phenobarbital on serial ultrasonic examination in the evaluation 
of neonatal jaundice. Clin Imaging 1994;18:146-148.)
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FIGURE 53-2. Anatomy of segmental portal veins. A, Left hepatic lobe, shown on a dissected specimen (with pale-blue dye 
in portal vein); B, on a subxiphoid transverse sonogram; C, on CT; and D, on more cephalad transverse sonogram. The left portal vein, 
with branches to segments 2, 3, and 4, forms a horizontally placed H. The umbilical portion of the left portal vein forms the crossbar 
of the H. Falciform ligament, indicated by arrows in A and C and “F” in D, is an extension of the umbilical part of the left portal vein. 
E, Right hepatic lobe of a dissected specimen, and F, on a transverse sonogram obtained at the branch point of the main portal vein into 
right and left branches. G, Left and right, Diagrams of the portal vein branches to the left and right lobes. Portal vein branches to segments 
5 through 8 and 6 and 7 form the main limbs of the H, and the right portal vein forms its crossbar. Once again, the H is turned hori-
zontally. (From Bismuth H. Surgical anatomy and anatomical surgery of the liver. World J Surg 1982;6:3-9.)

D

A

G

B

C

E F



Chapter 53 ■ The Pediatric Liver and Spleen  1803

Segments 6 and 7 are separated from segments 5 and 
8 by the right hepatic vein. Segment 6 is the part of the 
liver closest to the kidney; its lateral border is the rib 
cage. Segment 7 is separated from segment 8 by the right 
hepatic vein and is bordered laterally by the rib cage and 
cephalically by the dome of the diaphragm.

Hepatic Vein Anatomy

When seen with an oblique coronal subxiphoid view, the 
three hepatic veins form a W, with its base on the IVC. 
The left and middle hepatic veins join the left anterior 
part of the IVC (Fig. 53-4). The hepatic veins separate 
the following segments: the left hepatic vein separates 
segment 2 from segment 3; the middle hepatic vein 
separates segment 4 from segments 5 and 8; and the 
right hepatic vein separates segments 5 and 8 from seg-
ments 6 and 7 (see Fig. 53-1, D). With the oblique 
subxiphoid view, the right portal vein is seen en face, 
which helps separate the superficial segment 5 from the 
more deeply situated segment 8.

The sonographic examination of the child’s liver 
should include visualization of the right and left portal 

some subjects, a subcostal approach is also useful. The 
right portal vein follows an oblique or vertical course, 
directed anteriorly.

The branches leading to the segments of the right lobe 
of the liver are also distributed in the shape of a sideways 
H. The right portal vein forms the crossbar of the H. The 
branches to segments 5 and 8 form the upper limb of 
the H (Fig. 53-2), whereas the branches to segments 
6 and 7 form its lower portion. The branches of  
segments 6 and 7 are more obliquely oriented, and the 
transducer should be rotated slightly upward for segment 
7 and downward in the direction of the right kidney for 
segment 6.

The middle hepatic vein separates segments 5 and 8 
from segment 4. The right hepatic vein separates seg-
ments 5 and 8 from the segments 6 and 7 (Fig. 53-3).

Segment 5 is bordered medially by the gallbladder 
and the middle hepatic vein and laterally by the right 
hepatic vein. The right portal vein serves as a landmark 
for the separation of segment 5 from segment 8. Segment 
8 is separated from segment 7 by the right hepatic  
vein and from segment 4 by the middle hepatic vein  
(Fig. 53-3).

C
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FIGURE 53-3. Right portal vein and branches. Intercostal 
midaxillary sonograms with varying obliquity show the right portal vein 
forming the crossbar of the right H. A, Transverse view of the right portal 
vein branching into segments 5 to 8; IVC, inferior vena cava. B, Intercostal 
view angled more posteriorly and longitudinally shows the portal vein 
branch to segment 7 to better advantage. Segmental branch 6 is directed 
toward the right kidney (RK). C, Right portal vein and its branches. Dis-
sected specimen shows the segmental branches and their oblique course. 
(From Bismuth H. Surgical anatomy and anatomical surgery of the liver. 
World J Surg 1982;6:3-9.)
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FIGURE 53-4. Peripheral borders of segments: hepatic veins. A, Dissected specimen shows the left, middle, and right 
hepatic veins (L, M, R). The position of the segments is indicated by numbers. B and C, Subxiphoid, oblique sonogram at a similar plane 
as A shows the three hepatic veins. (From Bismuth H: Surgical anatomy and anatomical surgery of the liver. World J Surg 1982;6:3-9.)

veins and their segmental branches, as well as the hepatic 
veins. Not only can focal lesions be identified and accu-
rately localized, but thrombosis, compression, or tumor 
invasion of vessels can be outlined. Doppler sonography 
is added when the presence and direction of blood flow 
within these veins need to be assessed. Exploring the liver 
through its vessels is an excellent way to ensure that the 
sonographic examination is complete and not just an 
arbitrary glance at this otherwise homogeneous organ 
with variable contours and few landmarks except for its 
veins. Because the branches of the hepatic artery and the 
bile ducts are neighbors of the portal veins, the examina-
tion of the lobar and segmental portal veins ensures a 
complete look at these structures as well.

NEONATAL JAUNDICE

The cause of persistent jaundice in the newborn is often 
difficult to define because clinical and laboratory features 

may be similar in hepatocellular and obstructive jaun-
dice. If bile obstruction, biliary atresia, or metabolic 
diseases such as galactosemia and tyrosinemia are to be 
treated effectively with surgery or specific diet and medi-
cation, the diagnosis must be made early, in the first 2 
to 3 months, before irreversible cirrhosis has occurred.

Sonography plays an important role in defining causes 
of extrahepatic obstruction to bile flow that may be 
effectively treated with early surgery, including chole-
dochal cyst, biliary atresia, and spontaneous perforation 
of the bile ducts. (Other causes of bile duct obstruction, 
such as cholelithiasis, tumors of the bile ducts or pancreas, 
and congenital stenosis of the common bile duct, usually 
appear later in childhood.) Intrahepatic causes of neonatal 
jaundice include hepatitis (bacterial, viral, or parasitic) 
and metabolic diseases (e.g., galactosemia, tyrosinemia, 
fructose intolerance, α1-antitrypsin deficiency, cystic 
fibrosis, paucity of interlobular bile ducts, North Ameri-
can Indian cirrhosis). Systemic diseases that cause cho-
lestasis include heart failure, shock, sepsis, neonatal lupus, 
histiocytosis, and severe hemolytic disease.
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Choledochal Cyst

Dilation of varying lengths and severity of the common 
bile duct, termed choledochal cyst, has been detected in 
utero and usually presents as jaundice in infancy, clini-
cally mimicking neonatal hepatitis and biliary atresia 
(Fig. 53-5). Todani’s classification,6 a modification of 
that proposed by Alonson-Lej, describes five types. Type 
I, cylindrical or saccular dilation of the common bile 
duct (CBD), is most common (80%-90%) and is 
thought to be caused by an abnormal insertion of the 
CBD into the pancreatic duct, forming a common 
channel and facilitating reflux of enzymes into the CBD, 
with consequent inflammation. Because choledochal 
cysts have been detected in 15-week-old fetuses, when 
amylase is not yet present, and because surgically treated 
cysts in the newborn period show minimal inflamma-
tion, there must be causative factors (as yet unknown) 
other than the common-channel theory. Two rare but 
well-documented causes of bile duct dilation (chole-
dochal cyst) in the newborn are localized atresia of the 
CBD and multiple intestinal atresias in which the CBD 
empties into a blind pouch of bowel.7 A choledochal cyst 
presenting later in childhood may have a different patho-
genesis. It is usually complicated by cholangitis and clas-
sically causes abdominal pain, obstructive jaundice, and 
fever. In some cases the cyst is palpable as a mass.

Choledochal cyst type II consists of one or more 
diverticula of the CBD (2% of cysts). Choledochocele 
(type III) is a dilation of the intraduodenal part  
of the CBD (1%-5%). Multiple intrahepatic and 

The infant with jaundice is usually screened with 
sonography. When dilation of the bile ducts is found, 
percutaneous cholangiography or cholecystography may 
be performed if the cause and anatomy of the obstruc-
tion are unclear. If sonography fails to outline an  
anatomic abnormality, hepatobiliary scintigraphy may 
define patency of the common bile duct, unless hepato-
cyte damage is extensive. If no radionuclide reaches the 
gut, liver biopsy is generally performed. Both scintigra-
phy and the sonographic search for the gallbladder seem 
to be enhanced by the bile-stimulating effect of pheno-
barbital administered for 3 to 5 days before the test.4 The 
triangular cord sign, an echogenic cone-shaped density 
just cranial to the portal vein bifurcation on longitudinal 
or transverse scans, is highly predictive of biliary atresia. 
An absent or small gallbladder (<1.5 cm in length) 
coupled with the triangular cord sign is even more spe-
cific for the diagnosis.5

FIGURE 53-5. Choledochal cyst classification.
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it is repaired. The cause is unknown. Because the site of 
rupture is usually the junction of the cystic and common 
bile ducts, it is believed that a developmental weakness 
at this site leads to the rupture. The biliary system is 
undilated, but there are ascites and loculated fluid col-
lections around the gallbladder.11

Paucity of Interlobular Bile Ducts 
and Alagille Syndrome

Presenting with chronic cholestasis, usually within the 
first 3 months of life, ductal paucity and arteriohepatic 
dysplasia (Alagille syndrome) are diagnosed histologi-
cally by noting a reduced number of interlobular bile 
ducts compared to the total number of portal areas. 
Because of cholestasis, the gallbladder may be very small 
(disuse). The liver is usually enlarged, especially the left 
lobe. Portal hypertension ensues, with splenomegaly and 
esophageal varices. In children with Alagille syndrome, 
paucity of bile ducts is associated with a particular facies, 
pulmonary stenosis, butterfly vertebrae, and, infre-
quently, renal abnormalities (renal tubular acidosis).12 
Alagille syndrome appears to be inherited as an autoso-
mal dominant disease with variable penetrance.

Biliary Atresia

The incidence of biliary atresia varies from 1 in 8000 to 
10,000 births. Boys and girls are equally affected and are 
usually born at term. Biliary cirrhosis occurs early, often 
present in the first weeks after birth.

Biliary atresia is characterized by absence or oblitera-
tion of the lumen of the extrahepatic and intrahepatic 
bile ducts (Fig. 53-8). This disease was once thought to 

extrahepatic cysts make up type IV (10%). Caroli’s 
disease (type V) affects intrahepatic bile ducts.

Sonographic screening of the jaundiced infant shows 
one or several thin-walled cysts at the liver hilum or 
within the liver (choledochal cyst type I; Fig. 53-6). The 
gallbladder is identified separately. Dilation of intra-
hepatic ducts, as well as stones, may occur later as a  
result of bile stasis and cholangitis. Scintigraphy is used 
to document bile flow into the cyst, and percutaneous 
cholecystography/cholangiography or endoscopic retro-
grade cholangiopancreatography is performed if detailed 
mapping of the bile system is deemed necessary before 
surgery.

Caroli’s disease (type V choledochal cyst) consists of 
nonobstructive dilation of intrahepatic bile ducts8,9 and 
is often associated with congenital hepatic fibrosis and 
infantile polycystic disease.10 The disease is caused by the 
arrest or derangement in embryologic remodeling of 
ducts, resulting in segmental dilation. Patients tend to 
seek medical attention later than with other types of 
choledochal cysts, usually after cholangitis and stones 
have formed in childhood (Fig. 53-7). At sonography, 
Caroli’s disease has dilated ducts surrounding branches 
of the portal vein.9 Sludge and stones are often visible 
within the dilated ducts. Abscesses complicating cholan-
gitis are seen as cavities with walls thicker than those of 
the ducts and filled with heterogeneous material. Poly-
cystic kidneys, when present, are another clue to the 
diagnosis of Caroli’s disease.

Spontaneous Rupture of Bile Duct

Rupture of the bile duct is rare. Rupture in newborns 
leads to jaundice, abdominal distention, and death unless 

FIGURE 53-6. Choledochal cyst type I in infant with jaundice. A, Transverse sonogram. A large cyst that is the greatly 
dilated common bile duct is visible entering the pancreatic head. B, Intraoperative cholangiogram shows injection of the gallbladder and 
filling of the choledochal cyst (arrow).
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FIGURE 53-7. Biliary ductal dilation. A, Caroli’s disease, type V choledochal cyst. Longitudinal color Doppler image of the 
left lobe of the liver shows saccular dilation of bile ducts with thickened echogenic walls and few vessels in the deeper aspect of the liver. 
Cholangitis, caused by obstruction of the bile ducts or by ascending infection, leads to dilation of the intrahepatic and common bile ducts. 
B, Central bile duct dilation on transverse sonogram in a different patient, with concentric smooth dilation of main intrahepatic duct 
(arrowhead) caused by distal common bile obstruction.

A B

be caused by faulty development of the bile system. It is 
associated with the polysplenia syndrome (biliary 
atresia, situs inversus, polysplenia, symmetrical liver, 
interrupted IVC, preduodenal portal vein) in about 20% 
of patients,13 as well as with trisomy 17 or 18. Because 
the disease is extremely rare in fetuses and stillborn or 
newborn infants, and because the pancreatic duct, which 
develops with the bile ducts, is normal in affected chil-
dren, biliary atresia likely develops after the bile ducts 
have formed. An in utero insult to the hepatobiliary 
system, either infectious, immunologic, toxic, or vascu-
lar, results in a progressive sclerosis of the extrahepatic 
and intrahepatic bile ducts. Certain drugs (e.g., carbam-
azepine) have been associated with biliary atresia, con-
clusive serologic evidence of in utero infection in affected 
children has not been found.14

Jaundice classically develops gradually, 2 to 3 weeks 
after birth. The diagnosis is readily made if there are 
radiologic or sonographic signs of the polysplenia syn-
drome (Fig. 53-8, C-G ). Because the flow of bile is 
interrupted, the gallbladder is very small (20%) or absent 
(80%) in the majority of patients.13 After having the 
infant fast for 4 to 6 hours, a specific search with a high-
frequency transducer will demonstrate a very small  
gallbladder (microgallbladder) in about 20% of cases. 
When the gallbladder is visible, the “ghost triad” appear-
ance has been reported to help in making the correct 
diagnosis of biliary atresia.15 The ghost triad consists of 
gallbladder length less than 1.9 cm, irregular or incom-
plete mucosal lining, and irregular or lobular contour. 

The echogenic fibrotic remnant of the CBD seen adja-
cent to the portal vein has been called the triangular 
cord sign. The combination of a small gallbladder, less 
than 1.5 cm in length, and the triangular cord sign are 
very specific for the diagnosis of biliary atresia.5 Any 
intrahepatic bile duct remnants may dilate and be visible 
at sonography as bile duct dilation or small cysts. In 
addition, the cholangitis that complicates biliary atresia 
may result in cystic areas within the liver.16

Surgical treatment creates contact between a loop of 
jejunum (transposed to the liver after a Roux-en-Y 
anastomosis) and any patent bile “ductules” at the  
liver hilum. This is the classic hepatoportoenterostomy 
described by Kasai in 1959. Even if there is no mucosal 
contact between intestine and the bile ducts, the proce-
dure permits bile drainage, with complete clinical remis-
sion in 30% and partial drainage in 30% of affected 
children. The prognosis becomes much more guarded 
when the Kasai procedure is delayed to more than 60 
days after birth.17 Despite successful Kasai procedures, 
75% of patients require liver transplantation before age 
20 years.18

Neonatal Hepatitis

Defined as an infection of the liver occurring before the 
age of 3 months, neonatal hepatitis is now considered an 
entity distinct from toxic or metabolic diseases affecting 
the neonate. The causative agent (bacterium, virus, or 
parasite) reaches the liver through the placenta, the 



1808  PART V ■ Pediatric Sonography

Neonatal Jaundice and Urinary 
Tract Infection/Sepsis

The association of jaundice with urinary tract infection 
or sepsis occurs more often in male than female  
newborns. Jaundice, hepatomegaly, and vomiting are 
common clinical signs. Urinary tract symptoms are 
uncommon, as are shock and fever. A thorough examina-
tion of the kidneys, ureters, and bladder should therefore 
accompany sonography of the liver in the infant with 
jaundice. Similarly, the diaphragm and lung bases should 
be examined to look for pleural effusions and pneumo-
nia, which may be accompanied by sepsis and jaundice 
in the newborn.

Inborn Errors of Metabolism

Because these disorders cause liver damage in the 
newborn, some rapidly destroying the liver if untreated, 
and because several can be treated effectively with  
diet or drugs once diagnosed, pediatricians and radiol-
ogists should be well acquainted with inborn errors of 

vagina from infected maternal secretions, or through 
catheters or blood transfusions. Transplacental infection 
occurs most readily during the third trimester, and syph-
ilis, Toxoplasma, rubella, and cytomegalovirus (CMV) 
are the most common agents.14

Neonatal bacterial hepatitis is usually secondary to 
upward spread of organisms from the vagina, infecting 
endometrium, placenta, and amniotic fluid. (In twin 
pregnancies, the fetus nearest the cervix is more fre-
quently affected.) Listeria and Escherichia coli are the 
usual organisms. During vaginal delivery, direct contact 
with herpesvirus, CMV, human immunodeficiency virus 
(HIV), and Listeria may lead to hepatitis. Blood transfu-
sions may contain the hepatitis viruses B or C, CMV, 
Epstein-Barr virus (EBV), and HIV. Infected umbilical 
vein catheterization usually results in bacterial hepatitis 
or abscesses.14

With the exception of diffuse hepatomegaly, there  
are no specific sonographic signs of hepatitis, unless 
abscesses (usually bacterial in origin) occur19,20 (Fig. 
53-9). The gallbladder wall may be thickened, probably 
from hypoalbuminemia.

FIGURE 53-8. Biliary atresia spectrum. A, Transverse sonogram near the porta hepatis. Triangular cord sign is linear, echogenic 
fibrous tissue (arrowhead) anterior to a normal portal vein and hepatic artery. Failure to visualize the common bile duct in a newborn 
with jaundice is strongly suggestive of biliary atresia. B, Gallbladder ghost triad: small gallbladder (arrows), irregular/incomplete echogenic 
lining, and indistinct/lobular wall. Highly specific finding for biliary atresia. C to G, Polysplenia syndrome in a different patient, with 
preduodenal portal vein and interruption of inferior vena cava (IVC). C, Transverse liver sonogram shows aorta (A) anterior and left of 
the spine in newborn girl. The bifurcation of the portal vein (arrow) is more anterior than usual. D, “Transverse liver.” Right transverse 
sonogram shows liver extending across the entire upper abdomen. IVC is missing on both views. E, In left upper quadrant, several small 
spleens are present. No gallbladder was found in this patient with biliary atresia. F, Polysplenia. Coronal MR SPGR images performed 
for ascites and elevated liver enzymes. G, Transverse liver with anteriorly positioned portal vein several months after Kasai procedure.
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renal tubular disease, which is usually characterized by 
acidosis and nephrocalcinosis.14

Tyrosinemia is now best treated by transplantation. 
Until drug therapy became available for the treatment of 
the acute neurologic crises in infants with acute tyrosin-
emia, transplantation was performed as a lifesaving  
procedure as soon as surgically feasible. Currently, trans-
plantation is done once liver nodules appear because 
hepatocarcinoma develops in about 30% of children 
with tyrosinemia who survive the neonatal period. A 
review of livers dissected at liver transplantation found 

metabolism. Liver damage is caused by storage of a hepa-
totoxic metabolite or by absence of an essential enzyme 
that impairs the detoxification process of the liver.

Steatosis is especially prominent in the glycogen 
storage diseases, galactosemia, tyrosinemia, and cystic 
fibrosis. Cirrhosis eventually develops in all the diseases 
that cause liver damage, and portal hypertension then 
follows. The risk of hepatocellular carcinoma is signifi-
cantly increased in α1-antitrypsin deficiency, in tyrosin-
emia, and in glycogen storage disease type I. Liver 
adenomas also develop in the latter two entities, as does 

FIGURE 53-9. Hepatitis. A, Transverse sonogram in a teenage boy with acute hepatitis shows echogenic portal triads and hypoechoic 
parenchyma. B, Longitudinal image in same patient showing hepatic hypoechoic echotexture similar to adjacent right kidney. C, Transverse 
magnified sonogram, and D, conventional linear array image, show congenital herpes infection in an infant with dystrophic calcification 
throughout the liver. No similar calcifications were seen in the spleen.
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STEATOSIS (FATTY 
DEGENERATION OR 
INFILTRATION)

Fat accumulates in hepatocytes after cellular damage 
(fatty degeneration), through the overloading of previ-
ously healthy cells with excess fat (fatty infiltration), or 
in certain enzyme deficiency syndromes, through the 
inability of fat to be mobilized out of the liver. Drugs 
(acetylsalicylic acid, tetracycline, valproate, warfarin 
[Coumadin]) and toxins (aflatoxin, hypoglycine) as well 
as alcohol abuse lead to fatty degeneration of liver cells. 
Steatosis is also seen in metabolic liver disorders such as 
galactosemia, fructose intolerance, and Reye’s syndrome. 
Obesity, corticosteroid therapy, hyperlipidemia, and  
diabetes are examples of increased fat mobilization and 
its entry into the liver. In malnutrition, nephrotic syn-
drome, and cystic fibrosis, not only does excess fat enter 
the liver, but mobilization of fat out of the hepatocyte is 
deficient as well. When parenteral nutrition does not 
include lipids, steatosis results from a deficiency of essen-
tial fatty acids. Most inherited disorders of the liver 
mentioned previously involve an enzyme deficiency and 
result in steatosis.

Fatty changes are reversible, may be diffuse or focal, 
and are often detected by ultrasonography before clini-
cally suspected.22 On sonography, areas of steatosis 
are highly echogenic, blurring vessel walls. The nearby 
kidney cortex appears much less echogenic. When focal, 
steatosis usually has smooth, geometric, or fingerlike 
borders23 (Fig. 53-11). Intervening normal liver may 
appear hypoechogenic and masquerade as mass lesions 
(metastases or abscesses), especially if the ultrasound gain 

that preoperative sonograms and CT scans were not 
accurate in distinguishing regeneration nodules, adeno-
mas, and carcinomas, nor was alpha-fetoprotein (AFP) 
analysis21 (Fig. 53-10).

The sonographic examination of children with pos-
sible metabolic disease includes a careful analysis of liver 
size and architecture, searching for steatosis, cirrhosis, 
and nodules; an analysis of renal architecture, searching 
for increased size and nephrocalcinosis; and a Doppler 
examination of the abdomen searching for signs of portal 
hypertension.

FIGURE 53-10. Tyrosinemia and glycogen storage disease (type I, von Gierke’s disease). A, Longitudinal 
sonogram shows heterogeneous echotexture, likely a combination of regenerating nodules and adenomas of the liver, in a patient with 
tyrosinemia awaiting liver transplant. B, Echogenic adenoma (arrow) in the liver of another child with glycogen storage disease type I. 
Follow-up was done because of this patient’s increased risk of hepatocellular carcinoma.
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INBORN ERRORS OF METABOLISM

HEPATOCYTE INJURY CONSISTENTLY
Glycogen storage disease type IV
Galactosemia
Fructose intolerance
Tyrosinemia
Wolman disease
Zellweger syndrome
Neonatal iron storage disease
Wilson’s disease

HEPATOCYTE INJURY SOMETIMES
α1-Antitrypsin deficiency
Cystic fibrosis
Glycogen storage disease (I and III)

NO HEPATOCYTE DAMAGE (STORE 
METABOLITES)
Mucopolysaccharidoses
Gaucher’s disease
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Despite sophisticated imaging, ultrasound- or CT- 
guided biopsy may be necessary.

CIRRHOSIS

The usual forms of cirrhosis in childhood are biliary and 
postnecrotic. Morphologically, the cirrhotic liver con-
sists of regenerating nodules devoid of central veins and 
surrounded by variable amounts of connective tissue. 
Hepatic architecture is sufficiently distorted to disturb 
hepatic circulation and hepatocellular function. Increased 
resistance to blood flow through the liver leads to portal 
hypertension.

The sonographic appearance of the liver depends on 
the severity of the cirrhosis. With progressive replace-
ment of hepatocytes by fibrous tissue, the liver attenuates 
sound increasingly, and sound penetration of the liver, 
even with low-frequency (2 or 3 MHz) transducers, 
becomes difficult. The macronodules of advanced cir-
rhosis become visible sonographically at the surface of 
the liver (contrasted to the neighboring lesser omentum, 
peritoneum, or ascites, if present) or within its substance 
(nodular architecture, increased hyperechogenic fibrous 
tissue around portal vein branches and the ligamentum 
teres).23 The caudate lobe is often prominent25 (Fig. 
53-12). Parts of segment 4 of the right lobe of the liver 
may atrophy in advanced disease.

CHOLELITHIASIS

Gallstones are less common in children than in adults 
and are usually related to an associated disease. Their 
composition can be mixed or of calcium bilirubinate. 
The “adult” cholesterol stone is rare except in children 
with cystic fibrosis.26 Gallstones are mobile and hyper-
echogenic, and they cast acoustic shadows only if they 
are of appropriate size and composition.

In some children, especially those receiving total par-
enteral nutrition (TPN), thick bile can be observed to 
form sludge, loosely formed “sludge balls” or “tumefac-
tive sludge,” and finally stones, when serial sonograms 
are performed over several weeks (Fig. 53-13). Stasis of 
bile flow is the probable cause of sludge and stone for-
mation, also seen in utero and in premature infants and 
usually regressing spontaneously.27

Gallbladder wall thickening occurs in children with 
acute hepatitis, hypoalbuminemia, obstructed hepatic 
venous return, and ascites.19,20 The classic signs of 
impacted gallstone, thick gallbladder wall, and fluid 
around the gallbladder seen in adults with acute chole-
cystitis are rare in children. The gallbladder becomes 
dilated and rounded (rather than the normal oval shape) 
in fasting children (especially infants receiving TPN), 

is adjusted by using the fatty areas as a normal reference. 
Segments 4 and 5 are often spared in steatosis, perhaps 
because of favorable blood supply by the gallbladder and 
its vessels.24 Nodules of steatosis may mimic metastases 
on CT. Areas of abnormal echotexture on ultrasono-
graphic studies can be further evaluated with CT; the 
two modalities are complementary in this situation. 

FIGURE 53-11. Fatty infiltration of liver (steatosis) 
in patient with cystic fibrosis. Sagittal view shows 
increased hepatic echotexture, with some sparing posteriorly.  
The cortex of the right kidney is much less echogenic than the 
fatty liver.

CAUSES OF STEATOSIS

Drugs
Acetylsalicylic acid
Tetracycline
Valproate
Warfarin (Coumadin)

Toxins
Aflatoxin
Hypoglycine

Alcohol abuse
Metabolic liver disease

Galactosemia
Fructose intolerance
Reye’s syndrome

Obesity
Corticosteroid therapy
Hyperlipidemia
Diabetes
Malnutrition
Nephrotic syndrome
Cystic fibrosis
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FIGURE 53-12. Cirrhosis. A, CT scan of the upper abdomen in a 6-year-old child shows a small liver with multiple nodules visible 
both along the cortex and within the liver. Microscopy of the native liver after transplantation showed regenerating nodules and severe 
cirrhosis (portal hypertension). B, Sonogram of another child shows macronodules of cirrhosis at the surface of the liver outlined by ascitic 
fluid. C, Sonogram in a teenager with cystic fibrosis and cirrhosis shows diffusely increased echotexture of the liver. Note the nodular 
lateral surface of the liver and the larger caudate lobe (CL). D, Nodular contour may also be appreciated against a fluid-filled gallbladder 
margin in patients without ascites. This 17-year-old patient had autoimmune hepatitis and developing cirrhosis.

C

A B

D



Chapter 53 ■ The Pediatric Liver and Spleen  1813

FIGURE 53-13. Cholelithiasis. A, Transverse, and B, longitudinal, views of a dilated common bile duct (between cursors in A) 
containing an echogenic shadowing stone (stone seen only on B, arrow) in a teenager with acute right upper quadrant pain. C and D, 
Multiple echogenic, shadowing gallstones in two other patients, with hemolytic anemia. Note that the stones show variable degrees of 
shadowing, likely related to their mineral composition. E and F, Gallbladder sludge without stones or gallbladder wall thickening in a 
patient receiving total parenteral nutrition.
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DISEASES ASSOCIATED WITH 
GALLSTONES IN CHILDREN

HEMATOPOIETIC
Hemolytic anemias or hemolysis (artificial heart 

valve)
Rh incompatibility
Blood transfusions
Sickle cell anemia

GASTROINTESTINAL
Cystic fibrosis
Bile duct anomalies
Ileal dysfunction (Crohn’s disease, short bowel)
Total parenteral nutrition (TPN)
Metabolic liver diseases

OTHER
Immobilization (scoliosis surgery)
Dehydration
Obesity
Sepsis
Oral contraceptives

children with sepsis (especially streptococcal), and those 
in the acute phase of Kawasaki disease. When distended, 
the gallbladder may become tender and painful. It heals 
with the underlying disease. Acalculous cholecystitis in 
children is rare and should be diagnosed only if no 
disease causing gallbladder distention or wall edema is 
found.28 The distinction between gallbladder atony and 
obstruction cannot always be made with scintigraphic 
gallbladder ejection fractions.

LIVER TUMORS

Identification

It is sometimes difficult to define the origin of an abdom-
inal mass, especially when it is large. The following ques-
tions are helpful in tracing a mass to hepatic origin:
• Vascular anatomy: Can a feeding hepatic vessel be 

identified by means of Doppler sonography? Are 
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of hemorrhage, cardiac compromise, hepatic failure, or 
coagulopathy, hemangiomas may be treated with corti-
costeroids or rarely chemotherapy.31 As a typical solitary 
hemangioma matures, vessel growth slows. Existing 
vessels may enlarge and form “lakes” with minimal blood 
flow. This is the cavernous hemangioma typically seen 
in adults and rarely in children.32

Infantile Hemangioendotheliomas

Infantile hemangioendotheliomas are single or multiple 
solid masses of varying echogenicity, often containing 
fine, linear foci of calcium.33 Doppler sonography shows 
blood flow in multiple tortuous vessels both within and 
at the periphery of the mass (Fig. 53-15). Doppler shifts 
exceed those seen in normal intrahepatic arteries. When 
AV shunting is severe, the celiac axis, hepatic artery,  
and veins are dilated, and the infraceliac aorta is small. 
Doppler shifts from hemangioendothelioma vessels may 
resemble those from malignant tumors.34 The vascular 
nature of these lesions is confirmed by bolus injection 
CT and the search for rapid filling and rapid washout in 
these masses. Angiography is usually reserved for patients 
considered for embolization.

Mesenchymal Hamartomas

Mesenchymal hamartomas are rare, usually multiseptate, 
cystic masses derived from periportal mesenchyma. Cal-
cifications occur rarely. Hamartoma typically presents as 
an asymptomatic mass in the right lobe of the liver in 
children younger than 2 years.35

Adenomas

Adenomas are rare except in association with metabolic 
liver disease, especially glycogen storage disease type 
I;36 oral contraceptive therapy; and anabolic steroid 
therapy for Fanconi’s anemia. The latter may develop 
hepatocellular carcinoma. Serum AFP levels are normal. 
Sonographic appearance varies from hyperechogenic to 
hypoechogenic and is nonspecific. Malignant degenera-
tion is rare. The distinction between adenoma and a 
malignant mass is difficult with sonography, CT, and 
MRI because imaging findings vary and are nonspecific. 
In patients with Fanconi’s anemia after bone marrow 
transplant, adenomas may mimic abscess during sepsis 
evaluation.

Focal Nodular Hyperplasia

Focal nodular hyperplasia typically shows a central scar, 
which may be visible sonographically or at CT. The 
normal or increased uptake of technetium-99m sulfur 
colloid by the mass helps to distinguish it from malig-
nant masses, which typically fail to take up the radio-
labeled material.37

segmental portal veins displaced or invaded by the 
tumor?29 What liver segments are involved? Is 
the main hepatic artery enlarged? (This usually 
signals the presence of a highly vascular 
hemangioendothelioma.)

• Biliary anatomy: Are the bile ducts normal? Has 
the gallbladder been identified?

• Anatomy of the abdomen: Does the mass move 
with the liver during respiration? Is the liver 
parenchyma normal or cirrhotic? Is there ascitic fluid 
available for cytology? Is there another abdominal, 
retroperitoneal, para-aortic, or pelvic mass that could 
be a primary tumor?

Benign Liver Tumors

About 40% of primary liver tumors in children are 
benign. Hemangiomas are by far the most common. 
Mesenchymal hamartomas, adenomas, and focal nodular 
hyperplasia together constitute about one half of benign 
liver tumors in the child.30

LIVER MASSES IN CHILDREN

SOLID
Hemangioendothelioma (single or multiple)
Adenoma, hamartoma
Focal nodular hyperplasia
Regeneration nodules in cirrhosis
Hepatoblastoma
Hepatocellular carcinoma
Biliary rhabdomyosarcoma (can be cystic)
Lymphoma
Metastasis

CYSTS IN OR NEAR THE LIVER
Congenital cysts
Congenital hepatic fibrosis
Choledochal cysts
Duodenal duplication cyst
Hydatid cyst (“sand,” daughter cysts)
Caroli’s disease

Hamartoma

Hemangiomas

Hemangiomas are vascular, mesenchymal masses charac-
terized initially by active endothelial growth (angiogen-
esis). At this stage, the tumor is highly vascular and may 
cause sufficient arteriovenous (AV) shunting to result in 
high-output heart failure. When associated with hydrops 
or congestive heart failure and thrombocytopenia, this 
lesion may be called neonatal hemangiomatosis. Hem-
angiomas in the liver may be solitary or multiple and are 
sometimes associated with cutaneous hemangiomas as 
well (Fig. 53-14). When numerous with complications 
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FIGURE 53-14. Hemangiomas. Multiple visceral and cutaneous hemangiomas were found in this newborn with enlarged liver at 
birth. A, Transverse sonogram showing innumerable hypoechoic lesions enlarging the liver. B, Longitudinal sonogram of the liver showing 
one hemangioma deforming the adjacent hepatic vein. C, Transverse linear array image showing the lesions in greater detail. D, Coronal 
MRI SSFSE image shows only a few remaining liver lesions several months after a course of steroids.
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FIGURE 53-15. Infantile hemangioendothelioma. A, Chest and abdominal radiograph of newborn shows left upper quadrant 
soft tissue mass and congestive heart failure. B, Longitudinal gray-scale ultrasound; LHV, left hepatic vein. C, Color Doppler ultrasound. 
D, Extended-view longitudinal ultrasound. E, Contrast medium–enhanced axial CT. F, Images of the mass show an enlarged hepatic 
artery (HA in E) feeding the lesion and large veins (V in F) draining into the right atrium and creating a left-to-right shunt and heart 
failure.
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Wiedemann syndrome, hemihypertrophy, and the 
11p13 chromosome.38 Serum AFP levels are almost 
always elevated. Some tumors secrete gonadotropins and 
lead to precocious puberty.

The tumor is usually single, solid, large, of mixed 
echogenicity, and poorly marginated, with small cysts 
and rounded or irregularly shaped deposits of calcium 
(Fig. 53-16). These calcifications are quite different from 
the fine, linear calcifications seen in hemangioendothe-
liomas.39 The remaining liver is usually normal, although 
metastases may be found at diagnosis. Intrahepatic 

Malignant Liver Tumors

Most solid liver tumors are malignant and are derived 
from epithelium.

Hepatoblastoma

Hepatoblastoma, the most common primary liver tumor 
in childhood, presents in children younger than 3 years 
and may be considered the infantile form of hepatocel-
lular carcinoma. There is an association with Beckwith-

FIGURE 53-16. Hepatoblastoma. A, Right lobe of the liver contains a large heterogeneous mass with scattered, shadowing calci-
fications in a 1-month-old girl with palpable abdominal mass. B and C, Images from a different newborn infant, with prenatally diagnosed 
hepatic mass. B, Longitudinal linear array image shows a relatively small mass (between cursors) deforming adjacent vessels. C, Axial MR 
fast spin-echo T2-weighted image of high-signal-intensity lesion (arrow) found to be hepatoblastoma on surgical resection.
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vessels are displaced and amputated by the mass. Tumor 
thrombi are less common than in hepatocellular carci-
noma. Doppler sonography is helpful in diagnosing 
vessel invasion and detecting flow in malignant neovas-
culature.40,41 Complete resection of the tumors results in 
a 50% to 60% cure rate. Resectability depends on the 
number of segments and vessels involved and is best 
determined with MRI.42

Hepatocellular Carcinoma

The incidence of hepatocellular carcinoma, the second 
most common malignant tumor, has two peaks, at 4 to 
5 years and at 12 to 14 years. About one half of affected 
children have preexisting liver disease, especially tyrosin-
emia, glycogen storage type I, α1-antitrypsin deficiency, 
post–hepatitis B or C cirrhosis or biliary cirrhosis fol-
lowing biliary atresia, Byler’s disease, and Alagille syn-
drome. Serum AFP levels are usually elevated. The 
tumor is often multicentric; masses are solid, rarely 
calcify, and have variable echogenicity. Portal venous 
invasion is common and easily detected with Doppler 
sonography, as is the high-velocity flow in peripheral 
neovasculature.40,41,43

Undifferentiated Embryonal Sarcoma

Undifferentiated embryonal sarcoma (malignant mesen-
chymoma) is considered the malignant counterpart of 
the hamartoma. It is rare; occurs in children 6 to 10 years 
of age, which is older than those with hamartomas; 
grows rapidly; and develops central necrosis and cysts. 
Serum AFP levels are normal. Masses are typically large 
and appear heterogeneous.

Biliary Rhabdomyosarcoma

An unusual site for primary rhabdomyosarcoma, tumors 
of the biliary tree tend to occur in young children,  
with a mean age of 31

2 years. Rhabdomyosarcoma may 
originate in the intrahepatic and extrahepatic ducts, 
gallbladder, cystic duct, or ampulla of Vater. Children 
typically present with intermittent obstructive jaundice, 
hepatomegaly, abdominal distention and pain, weight 
loss, dark urine, and acholic stools. Intraductal location 
is the best imaging clue to the diagnosis of this other-
wise heterogeneous, occasionally cystic mass (Fig. 
53-17). Tumors spread locally and metastasize to lung 
and bone.

Metastases

Metastases to the liver usually arise from neuroblastoma 
(Fig. 53-18), Wilms’ tumor, leukemia, or lymphoma. 
Diffuse infiltration of the liver (or multiple nodules) in 
stage 4S neonatal neuroblastoma is remarkable for its 
good prognosis.

Detection of Tumor Angiogenesis

Hepatoblastoma and hepatocellular carcinoma fre-
quently produce a network of microscopic, parasitic 
tumor vessels at their periphery. Flow in these vessels, 
which lack a normal muscularis, produces Doppler shifts 
(low-resistance, high-velocity flow) greater than those 
seen in the aorta.41,43

LIVER ABSCESS AND 
GRANULOMAS

Pyogenic Abscess

Pyogenic liver abscesses are rare in the normal child. 
Abscesses generally occur in association with sepsis, in 
children with depressed immunity (leukemia, drugs), in 
those with primary immune defects (chronic granuloma-
tous disease, dysgammaglobulinemia), and with contigu-
ous infection (appendicitis, cholangitis). At sonography, 
abscesses are generally well-defined masses, with or 
without heterogeneous fluid content and small air 
bubbles producing ringdown artifacts (Fig. 53-19). 
Abscesses displace but do not invade neighboring vessels. 
A Doppler examination may be used to confirm the 
patency of nearby portal venous branches. Fluid in the 
pleural space or in Morison’s pouch should be sought in 
the supine position. Aspiration, with or without drain-
age of abscesses, under sonographic or CT guidance is 
becoming the preferred treatment in many centers. Some 
abscesses, especially those accompanying chronic granu-
lomatous disease, gradually calcify during medical treat-
ment.44 Multiple small abscesses, usually seen in the 
immunosuppressed child, may result in an enlarged, 
painful liver. Distinguishing these tiny hypoechogenic 
lesions from normal liver parenchyma is a challenge to 
the resolution of the equipment and the skill of the 
examiner. Scanning the anterior surface of the liver with 
a high-frequency linear transducer often outlines some 
of the multiple lesions that are otherwise missed. We 
routinely complement the ultrasound examination with 
high-resolution CT in these children because small 
abscesses are often better seen with CT.

Parasitic Abscesses

Amebiasis

The incidence of parasitic abscesses in children, although 
low, is increasing because of expanding travel and immi-
gration. Amebiasis is endemic in the tropics and spreads 
through person-to-person contact. The protozoan Ent-
amoeba histolytica is ingested, invades the colonic mucosa, 
enters intestinal veins, and spreads into portal venous 
branches. The organism secretes proteolytic enzymes, 
and hepatic abscess formation occurs rapidly. It is the 
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quent. Diagnostic puncture is disappointing because of 
the low yield of organisms. Because pyogenic abscesses 
usually occur in the immunodeficient child, an abscess 
occurring in an otherwise healthy infant should be con-
sidered amebic until proven otherwise. In the past, high 
mortality rates (60% in infants) have been caused by late 
diagnosis. They have been reduced to near-zero with 
early detection through the use of refined imaging tech-
niques (scintigraphy, sonography, and CT).45

Echinococcosis

The adult tapeworm, Echinococcus, lives in the jejunum 
of the dog, where it lays its eggs, which are spread 
through feces and then swallowed by the intermediate 

most frequent extraintestinal complication of amebic 
infection. In children, abscesses are usually multiple and 
occur most often in infants younger than 1 year and are 
life threatening. Fever spikes and hepatomegaly without 
jaundice are the usual forms of presentation. Diagnosis 
is made by serologic testing, although this is not always 
positive in infants.

Both sonographic and CT imaging are highly sensitive 
but fail to differentiate amebic from pyogenic abscesses. 
The sonographic pattern of hypoechoic, homogeneous, 
or heterogeneous target masses may mimic that of hema-
toma or neoplasm. Abscess rupture into the thorax, 
although rare in childhood, is pathognomonic for amebic 
abscess. Extension into subphrenic or perihepatic spaces, 
peritoneum, and nearby abdominal organs is more fre-

B
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FIGURE 53-17. Biliary rhabdomyosarcoma in 
3-year-old child. A1 and A2, Transverse and longitudinal 
sonograms of porta hepatis in child with intermittent jaundice and 
abdominal pain show an intraductal mass enlarging the common 
bile duct between the cursors. B, Coronal T1-weighted MR image 
demonstrating the intraductal mass (arrow) and secondary biliary 
ductal dilation.
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usually enlarged. Confluent granulomas or abscesses may 
be recognized as distinct masses at sonography.

DOPPLER ASSESSMENT OF LIVER 
DISEASE AND PORTAL 
HYPERTENSION

Basic Principles

The physics of Doppler ultrasound and the details  
of instrumentation have been well described.48-50 The 
principles essential to the performance of a successful 
clinical examination with real-time ultrasound coupled 
to a spectral or color Doppler display are discussed in 
Chapter 1.

The main factors that affect the Doppler shift in the 
clinical situation are the velocity (v) and the vessel-
transducer angle (Θ). Commercial machines express the 
Doppler shift in kilohertz (kHz) or centimeters per 
second (cm/sec). It must be remembered that true veloc-
ity calculations require a vessel beam-angle measure-
ment. When the Doppler beam is perpendicular to the 
vessel axis, flow will not be registered. At that angle, there 
is no motion toward or away from the transducer. There-
fore the vessel beam angle to detect blood flow should 
be small, ideally less than 60 degrees. The ultrasound 
image is best when the transducer is perpendicular to a 
structure, whereas the Doppler angle is best at up to 60 
degrees. The art of performing abdominal Doppler ultra-
sound consists of placing the transducer at a location 
where the angle between the Doppler beam and the axis 
of the vessel is optimal.

The basic technique of the duplex Doppler ultra-
sound consists of visualizing the vessel with real-time or 
color Doppler and then placing a Doppler beam with a 
small “aperture,” the sample volume, within the vessel, 
which should be slightly less than the diameter of the 
vessel. The transducer alternately sends and receives 
sound waves from the aperture. If there are cells moving 
within the vessel, a Doppler shift will result.

Most of the abdominal vessels studied in children have 
a low flow velocity. Therefore the wall filter should be 
as low as possible, preferably at 50 Hz or less. The pulse 
repetition frequency should be as low as possible for the 
same reason, unless there is aliasing, the projection of a 
“cutoff ” spectral image on the opposite side of the refer-
ence line, or a light, reverse-color image. Thus, flow 
approaching the transducer is seen above the reference 
line, and flow receding from the transducer is seen below 
the reference line. In this way the presence or absence of 
flow in a vessel can be determined, as can the direction 
of that flow. If the vessel to beam angle can be measured, 
velocity of flow can be estimated. When the diameter of 
the vessel can be determined accurately, an estimate  
of flow volume can be made (with some limitations of 
accuracy).50

host (usually sheep but sometimes humans). Endemic 
areas include the Middle East, the southern United 
States, and northern Canada. Embryos, freed in the duo-
denum, invade the mucosa to enter a mesenteric vein, 
which flows to the liver, where a slowly growing cyst 
composed of an acellular outer layer and an endothelial-
ized inner layer may develop. Compressed surrounding 
liver tissue forms a third layer. The inner layer forms 
freely floating embryos (scolices), or “hydatid sand,” 
which is visible with sonography. Daughter cysts form 
within the main cyst under certain circumstances and, 
when seen sonographically, suggest the diagnosis of 
hydatid cyst (Fig. 53-19, C ). Ruptured daughter cysts 
form floating membranes. A dead cyst decreases in size 
and gradually calcifies.46,47

Schistosomiasis

Invasion of the portal vein by the ova of Schistosoma leads 
to portal hypertension without cirrhosis. Liver disease 
progresses so slowly that portal hypertension is rarely 
seen in a child.

Granulomas of the Liver

Granulomas are circumscribed, focal, inflammatory 
lesions that may be of bacterial (Mycobacterium tubercu-
losis, other mycobacteria, Listeria, spirochetes), fungal 
(Candida, Histoplasma, Aspergillus), parasitic (Toxocara, 
Ascaris), or malignant (lymphoma) origin. Clinical fea-
tures are those of the underlying disease, and the liver is 

FIGURE 53-18. Metastatic liver disease in 4-year-
old child. Transverse sonogram in right upper quadrant shows 
well-defined right adrenal neuroblastoma (cursors) and multiple 
echogenic hepatic metastases.
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FIGURE 53-19. Hepatic infections. A and B, Intrahepatic abscess. Longitudinal gray-scale and transverse color Doppler images 
in a patient with severe combined immunodeficiency. Note the peripheral hyperemia and decreased vascularity centrally. C, Hydatid cyst. 
Sagittal sonogram of the liver shows a cyst with multiple septa. There are several small (daughter) cysts in the center (arrow). D and E, 
Langerhans cell histiocytosis. D, Longitudinal sonogram shows multiple hypoechoic areas in the liver mimicking tiny abscesses (arrow) 
in this infant with failure to thrive. E, Axial CT of chest shows mediastinal calcifications and lung cysts.
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(filling). A short spurt of reversed flow occurs in the 
hepatic veins and proximal IVC. This reversed flow 
accompanies atrial systole (P wave of electrocardiogram). 
In addition, the phase of respiration will influence the 
flow pattern of the systemic intra-abdominal veins (with 
increasing velocity in expiration). Consequently, the 
Doppler sonographic characteristics of these veins are 
variable in the breathing child.

Flow in splanchnic veins is more steady, with only 
gentle undulations that mirror cardiac motion53 (Fig. 
53-20). Blood is constantly directed toward the portal 
vein and into the liver. Flow velocity in the portal vein 
increases greatly after a meal and decreases with exer-
cise.54,55 Hepatofugal portal venous flow (away from 
liver) can be reversed to hepatopetal (into liver) flow 
after a meal.55

Possibilities and Pitfalls

An excellent complement to splanchnic angiography and 
MRI, Doppler sonography answers the queries from an 
injection contrast examination with or without pharma-
ceutical manipulation. Doubts may remain about direc-
tion of flow or whether a vessel is obstructed or simply 
inaccessible to the contrast medium, such as reversed 
flow in the portal vein. The Doppler examination is a 
reliable indicator of direction of flow and assesses the 
splanchnic system in its physiologic state.

The hepatic veins, difficult to outline with angiogra-
phy, are easily identified with sonography and their flow 
pattern outlined. The major splanchnic vessels, such as 
the splenic, mesenteric, and portal veins, are readily 
opacified with arterioportography, but small vessels are 
difficult to explore. This is particularly true of the 
branches of the left portal vein, which often are not 
opacified. The intrahepatic portal circulation can be 
readily studied with Doppler sonography, both in health 
and in disease. Each segmental branch of the portal vein 
is usually accessible to the Doppler beam. Regional flow 
patterns and the result of compression, obstruction of 
flow, reversal of flow, or AV fistulas can be assessed. 
With angiography and MRI, to-and-fro flow in a 
splanchnic vein is difficult to perceive. The Doppler 
examination yields clear signals of to-fro flow motions 
both on spectral display signal above, then below refer-
ence line) and with color (alternating red and blue 
signals). If questions remain about examination details 
or changes in the patient’s condition, the Doppler exam-
ination can be repeated without risk.

These advantages are counterbalanced by certain limi-
tations, most of which are identical to those of real-time 
sonography. The examination is operator dependent and 
requires some training not only in sonography but also 
in the physics of Doppler and in the normal anatomy 
and physiology of the liver and splanchnic circulation. 
Doppler sonography is subject to the same physical laws 
as is real-time ultrasound. One cannot expect a good 

Color Doppler ultrasound is another method of dis-
playing the Doppler shift arising from moving blood 
cells within a vessel.51 Instead of interrogating a small 
volume within a vessel, the Doppler receiver detects 
signals from many scan lines. The resultant numerous 
Doppler signals are displayed as color signals; high-
frequency shifts are light-colored (yellow or white), and 
by convention, flow toward the transducer is red and 
flow away from it is blue. Turbulent flow is displayed as 
a mosaic of shades of red and blue. There are great 
advantages to color mapping because entire segments of 
vessels are seen at a glance (e.g., portosystemic collateral 
veins in portal hypertension or stenoses of vessels). The 
limitations of the vessel/beam angle remain, and no flow 
may be detected in the part of the vessel perpendicular 
to the transducer. Flow in tortuous vessels may be dif-
ficult to understand because it will have both red and 
blue segments. When examining small vessels in chil-
dren, motion may produce flashes or dots of color arti-
fact. Pulsed Doppler sampling of such doubtful signals 
distinguishes these artifacts from flow signals.

Power Doppler sonography measures the force 
(power) of the Doppler signal but gives no indication of 
direction or velocity. It is much less angle dependent 
than color or pulsed Doppler and is more sensitive to 
slowly flowing blood. It is most useful in detecting slow 
flow in small vessels or in vessels perpendicular to the 
ultrasound beam. Arterial and venous flow cannot be 
distinguished, but a pulsed Doppler examination can be 
made at any point in the vessel identified with power 
Doppler. Because of their small body size and ready 
access to the Doppler beam, children are particularly 
suited to color, power, and pulsed Doppler abdominal 
examinations.

Normal Flow Patterns  
in Splanchnic Vessels

Arteries to the liver and spleen supply a low-resistance 
vascular bed and normally show forward flow through-
out the cardiac cycle (systole and entire duration of dias-
tole). Blood flow in the mesenteric arteries shows few or 
no diastolic Doppler shifts. The superior mesenteric 
artery in the fasting person has very little forward flow 
during diastole. Shortly after a meal, its diastolic flow 
increases considerably.52 The Doppler profile of the 
abdominal aorta changes throughout its course. Con-
tinuous forward diastolic flow in the upper abdominal 
aorta is no longer seen beyond the origins of the low-
resistance branches to the liver, spleen, intestine, and 
kidneys. In the distal abdominal aorta, flow reverses 
during diastole. Figure 53-20 shows curves of some 
arteries and veins pertinent to this discussion.53

The systemic veins of the abdomen (IVC and 
hepatic and renal veins) show a pulsatile flow pattern 
that reflects cardiac contractions; two flow peaks toward 
the heart occur during atrial and ventricular diastole 
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FIGURE 53-20. Typical duplex Doppler images of splanchnic vessels of various patients. A, Normal portal vein 
examined through a transverse, paramedian, subcostal approach. Flow fluctuates slightly with cardiac systole. Note aliasing artifact from 
low pulse repetition frequency. B, Normal right branch of portal vein seen from an oblique right subcostal approach. C, Normal splenic 
vein. Doppler sample volume is in vein near splenomesenteric confluence and in its middle third; P, pancreas; L, liver. D, Normal splenic 
vein with cardiac-related modulation of flow. E, Normal splenic vein at hilum, seen from a left intercostal approach. Note the lack of 
transmitted pulsations from the heart in the splenic vein. Normal left renal artery and vein are also seen. F, Normal hepatic vein, transverse 
subcostal view, with flow away from transducer and modulated by pulsations of nearby right atrium.
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teric junction to esophagus) and the renal, splenic, and 
hepatic hila as well as the pelvis are screened for the 
presence of dilated, tortuous veins. If hepatofugal 
(reversed) flow is found in a splanchnic vein, this vein is 
traced to the recipient systemic vessel. In cases of portal 
hypertension, the left gastric vein drains blood into the 
inferior esophageal vein; the splenic vein drains into the 
renal (or pararenal) veins; the superior and inferior 
mesenteric veins drain into gonadal, retroperitoneal, or 
hemorrhoidal veins; and the paraumbilical veins follow 
the round and falciform ligaments to drain into the 
anterior abdominal and iliac veins to form the classic 
caput medusae or into veins of the anterior chest wall 
and the internal mammary vein.

Direction of flow in one or several veins of the portal 
venous system may change in portal hypertension, and 
it is essential to record the flow direction accurately. The 
clinician must carefully check that the orientation of the 
spectral or color Doppler sonographic display is normal 
and not inverted before starting the examination. The 
Doppler sample volume should be placed in the center 
of the vessel lumen. If the direction of flow within a 
vessel is difficult to ascertain, a nearby vessel with known 
flow direction can be used as a reference (e.g., splenic or 
hepatic artery or adjacent vein).

The main portal vein and its right hepatic branches 
are best studied through a right intercostal approach. 
Sometimes the superior mesenteric vein is also clearly 
seen from this position. The left portal vein and three 
of its four branches (portal branch to caudate lobe is 
rarely seen) and the hepatic veins are best seen through 
an oblique subcostal approach. The splenic vein is 
explored through a transverse approach over the spleen. 
The superior mesenteric vein and main portal vein are 
best visualized through a sagittal right paramedian 
approach (see Fig. 53-20). The left gastric vein usually 
ends near the splenoportal junction and, when enlarged, 
is easily observed through a sagittal left paramedian view. 
The inferior mesenteric vein, when normal, can rarely 
be outlined. When enlarged, it may be traced through a 
left lateral approach to its junction with the splenic or 
superior mesenteric vein.

The various possible origins of the hepatic artery may 
be difficult to recognize. We first look for the artery at 
its usual origin from the celiac axis and also as it passes 
between the portal vein and the common bile duct. 
When the left hepatic artery arises from the superior 
mesenteric artery, it passes through the ligamentum 
venosum. The intrahepatic arterial branches accompany 
branches of the portal vein and can be detected with a 
slightly enlarged Doppler sample volume placed over a 
portal venous branch, even when the arterial branch 
cannot be seen with real-time ultrasound. Flow in the 
arteries to the right lobe of the liver (especially segments 
5, 7, and 8) is usually easy to identify in this manner. 
The hepatic arterial branch accompanying the umbilical 
portion of the left portal vein (to segment 4) is especially 

Doppler examination in a patient who just had a poor 
real-time sonogram. The child’s cirrhotic liver may be 
enlarged with increased sound attenuation. Penetrating 
all this tissue with a real-time or Doppler beam can be 
a challenge to the sonographer and instrumentation.

Quantitative analysis of splanchnic blood flow with 
Doppler instrumentation could allow more intensive 
study of physiologic flow as well as portal hypertension 
and response to various drugs. However, because the 
technique depends on exact vessel beam angle and vessel 
diameter measurements, it is currently fraught with 
inaccuracies.50,56

In the present state of the art, despite the limitations 
just cited, the Doppler examination of the splanchnic 
circulation is valuable. If a noninvasive test can deter-
mine whether the patient has portal hypertension, the 
location of the level of obstruction to blood flow, and 
whether esophageal varices exist, it is indeed a useful 
clinical tool. For this reason, the Doppler examination 
has become the screening method of choice for children 
with liver disease and potential portal hypertension.

Sonographic Technique

Children older than 5 years are usually examined after a 
4- to 6-hour fast. Normally, their cooperation can be 
obtained if the procedure is explained to them. Sedation 
is seldom necessary. Whenever possible, respiration is 
stopped during the Doppler examination of a vessel so 
as to minimize its movement. The usual Doppler fre-
quency is 3.0 or 5.0 MHz, even though the appropriate 
real-time frequency for the examination may vary from 
3.0 to 7.5 MHz. Because a small or upset child tends to 
breathe rapidly, the examiner must be familiar with the 
Doppler equipment to manipulate it quickly. All techni-
cal settings should be preadjusted. The vessel to be  
examined is identified with real-time sonography. Color 
Doppler ultrasound can be used to guide the placement 
of the sample volume. A spectral display of the Doppler 
shift is then usually readily obtained, even though it may 
disappear during part of the respiratory cycle.

Child with Liver Disease:  
Doppler Examination for  
Portal Hypertension

The aim of the Doppler examination is to assess the 
presence and direction of flow in splanchnic veins, the 
main portal vein and its segmental intrahepatic branches, 
the hepatic veins, and the IVC57-60 (Fig. 53-21). In addi-
tion, the presence of flow in the main hepatic artery and 
its intrahepatic branches should be determined. When 
the clinical or basic Doppler examination raises the  
suspicion of portal hypertension, a systematic search 
for portosystemic collateral veins follows. Figure 53-22 
outlines the usual sites for spontaneous portosystemic 
shunts.59,61 The lesser omentum62 (from splenomesen-
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Reversed or To-and-Fro Flow

Reversed flow in a splanchnic or intrahepatic portal vein 
is the most reliable Doppler sign of portal hypertension. 
However, hepatofugal flow in the portal vein occurs  
late and relatively rarely in patients with liver disease. 

easy to examine with Doppler imaging because of the 
almost ideal vessel beam angle, which can be obtained 
through an anterior abdominal approach (Fig. 53-23). 
For this reason, we routinely look for arterial Doppler 
signals at this site in children who have undergone liver 
transplantation (see Fig. 53-2).

Abnormal Flow Patterns within 
Portal System

Absent Doppler Signal

Proof of absence of a Doppler signal is much more dif-
ficult to establish than is its presence. The examiner who 
fails to obtain a Doppler signal from a given vessel 
usually questions the sensitivity of the machine and tests 
other nearby vessels. Failure to obtain a pulsed, color, or 
power Doppler signal from a splanchnic vein examined 
at an angle of less than 60 degrees, full Doppler gain, 
and low pulse repetition frequency, with 50-Hz wall 
filter and restricted Doppler window, means that blood 
is flowing at a velocity of less than 4 cm/sec (extremely 
slow). Thus, absence of a Doppler signal in this situation 
generally means absence of flow or a prethrombotic state.

Arterialized Flow Patterns

The normal, gently undulating flow within a portal vein 
is replaced by systolic peaks and high diastolic Doppler 
shifts. The arterialized flow pattern may signal the pres-
ence of an arterioportal fistula.63

FIGURE 53-21. Essential splanchnic vein reference 
points in Doppler sampling for possible portal 
hypertension in children with liver disease. A, Main 
portal vein; B, intrahepatic portal vein; C, right portal vein; D, 
left portal vein; E, splenic vein at hilum; F, splenic vein; G, left 
coronary vein; H, superior mesenteric vein; I, hepatic veins. Evalu-
ation of the hepatic artery and inferior vena cava should be done 
as well. (From Patriquin HB, Lafortune M, Burns PH, et al. Duplex 
Doppler examination in portal hypertension: technique and anatomy. 
AJR Am J Roentgenol 1987;149:71-76.)

FIGURE 53-22. Diagram of common spontaneous 
portosystemic collateral routes. SVC, Superior vena cava; 
IVC, inferior vena cava; SMV, IMV, superior, inferior mesenteric 
veins; LGV, left gonadal vein; HV, hemorrhoidal vein; 1, left gastric-
azygos route (esophageal varices); 2, paraumbilical-hypogastric/
internal mammary route (caput medusa); 3, splenorenal route; 4, 
IMV-hemorrhoidal route; 5, spleno-retroperitoneal-gonadal route. 
(From Patriquin HB, Lafortune M. Syllabus in pediatric radiology. 
1994, Society for Pediatric Radiology.)

CAUSES OF ABSENT DOPPLER SIGNAL

Doppler angle greater than 60 degrees
Low Doppler gain
Low pulse repetition frequency
High filter (best is 50 Hz)
Small sample volume
Portal vein flow decreases when fasting.
Hepatic artery flow decreases after a meal.
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one of its tributaries. The normal pressure in the portal 
vein is between 5 and 10 mm Hg. When the pressure in 
the portal vein is more than 5 mm Hg above IVC pres-
sure, portal hypertension is present.

The many sequelae of portal hypertension include 
splenomegaly, collateral vein formation, and a thickened 
lesser omentum. In children the lesser omentum is 
observed between the left lobe of the liver and the aorta 
on sagittal images. Lesser omentum thickness should  
not exceed the diameter of the aorta64,65 (Fig. 53-25). In 
portal hypertension it is thickened by lymphatic stasis 
and an engorged left gastric vein. Morphologic changes 
of the liver architecture are usually present as well.

An increased caliber of the portal vein and a lack of 
variation in the caliber of the splenic and mesenteric veins 
have been described in portal hypertension in adults. The 
accuracy of these findings in the assessment of portal 
hypertension in children has not been established. Anec-
dotally, in children with biliary cirrhosis, portal venous 
caliber has decreased as cirrhosis progressed.

The hemodynamic information gleaned from the 
Doppler examination usually answers the following 
questions: Is portal hypertension present? What is the 
level of obstruction? What is the direction of flow within 
the system? Are there portosystemic collaterals?

Hepatofugal flow in a portosystemic collateral vein 
establishes the diagnosis of portal hypertension. Clini-
cally, the most significant route is through the left gastric 
vein, which supplies esophageal varices. The left gastric 
vein is rarely visible sonographically in the normal child. 
When it dilates to a diameter of greater than 2 to 3 mm, 

To-and-fro flow in the portal vein also suggests the pres-
ence of portal hypertension. Highly pulsatile or to-fro 
flow in the portal vein may also be seen in right-sided 
heart failure (Fig. 53-24) or tricuspid insufficiency, 
resulting from transmitted pressure across the hepatic 
sinusoids.

Abnormal Hepatic Arterial  
Doppler Patterns

Absence of a hepatic artery Doppler signal suggests arte-
rial thrombosis or reduced flow in prethrombotic states.63 
Locally increased systolic Doppler shifts or peripheral 
tardus-parvus curves may be the result of stenosis of the 
hepatic artery, as at any other arterial site.

The portal vein and hepatic artery act in concert to 
nourish the liver. Changes in flow volumes in one affect 
the other. After a meal, portal venous flow increases and 
hepatic arterial flow diminishes, probably by vasocon-
striction. Postprandially, hepatic arterial diastolic flow is 
decreased and systolic peaks are lower when measured at 
the same sites in the same person.64 Arterial signals 
within the liver may be difficult to find after a meal. This 
is particularly disturbing in the patient who has received 
a liver transplant, in whom a false diagnosis of throm-
bosis may be considered.

Portal Venous Hypertension

Portal venous hypertension is a pathologic condition 
characterized by increased pressure in the portal vein or 

FIGURE 53-23. Normal liver and right hepatic artery (RHA) in an infant. Oblique subcostal color Doppler sonograms. 
A, Right portal vein (RPV). B, Cursor in RHA shows normal arterial flow waveform. Doppler shifts from normal hepatic artery and portal 
vein have identical directions of flow.
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surgery or transplantation, portosystemic collaterals 
decrease in size (as do the enlarged spleen and lesser 
omentum).

If a spontaneous or surgical portosystemic shunt is 
large, hepatic encephalopathy may ensue. The Doppler 
examination, being “physiologic,” may reveal unusual 
portosystemic collateral routes difficult to demonstrate 
with arterioportographic studies (locally inverted flow in 
intrahepatic portal venous branches, “neo” veins leading 
from portal veins to abdominal wall, or hepatofugal flow 
in splenic vein).

Prehepatic Portal Hypertension

Prehepatic portal hypertension results from obstruction 
of the splenic, mesenteric, or portal vein. As with other 
venous thromboses, predisposing factors involve the 
vessel wall (trauma, catheters), stagnant blood flow, and 
abnormal clotting factors. Principal causes of thrombo-
sis of the portal vein include (1) trauma such as umbili-
cal venous catheterization; (2) dehydration or shock; (3) 
pyophlebitis following appendicitis or abdominal sepsis; 
(4) coagulopathy, with protein C deficiency increasingly 
recognized; (5) portal vein invasion by adjacent tumors; 
(6) compression of the vein by pancreatitis, lymph nodes, 
or tumor; and (7) increased resistance to portal venous 
flow into the liver in cirrhosis or the Budd-Chiari 
syndrome.

Recanalization of portal venous thrombi usually 
occurs rapidly in children. In addition, paraportal venous 
channels and the cystic veins draining the gallbladder 

it can be traced from the splenic vein near the spleno-
mesenteric junction through the lesser omentum (behind 
left lobe of liver and anterior to aorta) to the esophagus 
(see Figs. 53-20, E, and 53-25). A venous Doppler flow 
pattern makes it possible to distinguish the vein from the 
nearby left gastric or hepatic arteries. Flow direction is 
determined at the same time. The caliber of the left 
gastric vein is usually related to the size of esophageal 
varices and probably to the likelihood of bleeding.66

The paraumbilical vein classically shunts blood from 
the left portal vein to the periumbilical venous network. 
It follows a vertical, right paramedian course to enter the 
falciform ligament through the left lobe of the liver67,68 
(Fig. 53-26). With a high-frequency transducer (7.5-
10 MHz), its subcutaneous course is easily seen on 
sonography from the lower tip of the left lobe of the liver 
to the umbilicus. Other spontaneous portosystemic col-
lateral veins should be sought near the spleen, left kidney, 
and flanks, where splenorenal shunts (Fig. 53-27) or 
dilated perirenal, retroperitoneal, or gonadal veins receive 
blood from the splenic or mesenteric veins; in the pelvis 
(Fig. 53-28), around the right kidney; and near the porta 
hepatis and gallbladder (Figs. 53-29 and 53-30), where 
portocaval, paraduodenorenal, or veins of Sappey may 
shunt the blood between portal and hepatic veins.  
The variety of spontaneous portosystemic collaterals is 
almost limitless.

All portosystemic collaterals should be traced to their 
recipient systemic vein, which is usually dilated where 
the shunt enters. The “donor” splanchnic vein is also 
dilated. When portal hypertension decreases after shunt 

FIGURE 53-24. A, Highly pulsatile hepatic venous flow, and B, portal venous flow, in a child with congenital heart disease after Fontan 
procedure. Right atrial pressure is transmitted through the hepatic veins, across the hepatic sinusoids to the portal vein. Compare with 
the gently undulating flow in Figure 53-20, F.

AA B



1828  PART V ■ Pediatric Sonography

dilate and channel blood into the liver if there is no 
obstruction at this site (in cirrhosis or hepatic vein 
thrombosis). The resultant collection of tortuous veins 
is called a cavernoma (see Fig. 53-29). Hepatopetal flow 
in these vessels is easily detected with Doppler sonogra-
phy. Despite these collateral channels, portal hyperten-
sion follows, often with esophageal varices.69

After thrombosis of the portal vein, the peripheral 
intrahepatic portal veins become small and threadlike. 
The lumen may not be visible. Careful examination of 
these vessels with Doppler sonography usually shows 
hepatopetal venous flow, likely the result of shunting 
through the vessels at the porta hepatis, which constitute 

C
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CAUSES OF PORTAL VEIN 
THROMBOSIS

Trauma
Catheters
Dehydration
Shock
Pyelophlebitis
Coagulopathy, especially protein C deficiency
Portal vein invasion
Portal vein compression
Cirrhosis
Budd-Chiari syndrome

FIGURE 53-25. Lesser omentum. A, Sagittal 
left paramedian sonogram of a 12-year-old boy shows 
normal omentum between the left lobe of the liver and 
the aorta (arrows) and smaller than the aorta (A); 
e, esophagus; D, diaphragm. B, Thickened lesser 
omentum (arrows) by a tortuous, dilated left gastric 
vein in cirrhosis. C, Abnormal left gastric vein. Color 
Doppler image shows flow signals toward the esopha-
gus (blue).
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FIGURE 53-26. Paraumbilical collateral route. A and B, Transverse paramedian gray-scale and color Doppler sonograms show 
left lobe of liver in a 14-year-old boy with cirrhosis and portal hypertension from cystic fibrosis (CF). Recanalized umbilical vein, with 
venous flow signals directed toward the transducer, anteriorly out of the liver. C thru E, Sagittal color Doppler images of a 10-year-old 
boy with cystic fibrosis and ascites. Blood flow leaves the liver through a patent paraumbilical vein that enters the falciform ligament, 
which is surrounded by fluid. D, Cirrhosis and portal hypertension. In the parasternal region of another child, color Doppler images show 
cephalad pulsatile flow in the internal mammary veins, originating from a paraumbilical vein (arrow). Flash color artifacts (F) are from 
the moving lungs. E, Composite sagittal sonogram (7.5-MHz transducer) of the abdominal wall (W) shows the paraumbilical vein leaving 
the liver (L), surrounding the umbilicus (U), and entering the iliac vein (I). (From Taylor KJW, Burns PH, Wells PNT, editors. Clinical 
applications of Doppler ultrasound. Philadelphia, 1996, Lippincott-Raven; and Patriquin HB. Pediatric diseases test and syllabus. Vol 35. 
Reston, Va, 1993, American College of Radiology.)
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FIGURE 53-27. Splenic varices and splenorenal shunt. A, Splenic varices in a patient with cirrhosis shown on longitudinal 
gray-scale image of the left upper quadrant. B, Color and pulsed Doppler sonogram shows tortuous veins leaving the spleen, with largest 
vessel (blue with Doppler gate) demonstrating venous flow toward the left kidney. C, Color Doppler image of this spontaneous splenorenal 
shunt shows flow away from the spleen toward the kidney.
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the “cavernoma.” Because the obstruction to venous  
flow occurs at the porta hepatis, it is not surprising that 
children with portal venous thrombosis do not have 
enlarged paraumbilical veins and a caput medusa; this 
portosystemic route relies on abundant flow in the left 
portal vein.69

Another cause of prehepatic (or intrahepatic “presinu-
soidal”) portal hypertension in children is congenital 
hepatic fibrosis. This inherited, autosomal recessive 
disease is characterized by fibrosis at the portal triad, 

where terminal branches of the portal vein and small bile 
ducts are compressed. Hepatocytes are found to be 
normal, as is liver function.10 Liver architecture is 
disturbed by linear or cystlike structures representing 
variable bile duct ectasia, as well as paraportal collaterals 
(cavernoma)70,71 (Fig. 53-30). These children usually 
present with bleeding esophageal varices. Sonography 
shows hallmarks of portal hypertension: splenomegaly 
and a thick lesser omentum in which a dilated tortuous 
left gastric vein may be visible, with hepatofugal flow 
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FIGURE 53-28. Pelvic varices. A, Transverse sonogram in a teenage girl with cirrhosis and ascites shows fluid surrounding the 
uterus and adnexal structures. B, In a different patient with cirrhosis and pelvic varices, a prominent vein (arrows) is seen in the left adnexal 
region on transverse view. C, Pulsed Doppler waveform of paraovarian varix shunting blood toward the renal veins or inferior vena cava.
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detected with Doppler sonography (see Fig. 53-25). 
Congenital hepatic fibrosis is usually associated with 
recessive polycystic kidney disease72 (Fig. 53-30). The 
dilation of renal collecting ducts in these children is vari-
able and less severe than in the neonatal form, and renal 
impairment is less marked. However, renal architecture 
is greatly disturbed. The pyramids are hyperechogenic 
and may contain calcium; small cysts may be seen; and 
the kidneys are usually enlarged. These features enable 
informed sonographers to find the cause of upper  
intestinal bleeding in these children during their first 
abdominal sonogram.

Intrahepatic Portal Hypertension

Serious insult to the hepatocyte results in necrosis. 
Unless necrosis is overwhelming, scarring and the forma-
tion of multiple regenerating nodules follow. The process 
of cirrhosis results in scarred and obstructed sinusoids 
and abnormal portal venous blood flow through the 
regenerated nodules. In children, cirrhosis results from 
the following:
• Hepatitis
• Destruction of the hepatocyte by toxins accumulated 

in inherited metabolic diseases, such as tyrosinemia, 
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cirrhosis), sinusoidal (Laennec’s cirrhosis), and postsinu-
soidal levels, progressive scarring usually spreads to the 
entire sinusoid. As intrahepatic portal venous flow stag-
nates, portosystemic collaterals open. Portal blood flow 
decreases. Total hepatic blood supply is usually main-
tained by an increase of blood flow in the hepatic artery.

Sonographically, these changes in hemodynamics are 
signaled by decreasing diameter of the portal vein and 
its segmental branches, to the point they are reduced  
to threadlike structures. Flow velocity, when measurable, 
is reduced. Conversely, branches of the hepatic  
artery (normally difficult to see in children) may become 
visible with gray-scale sonography. Doppler sonography 
mirrors the increased hepatic arterial caliber and flow 

some forms of glycogen storage disease, and Wilson’s 
disease

• Bile stasis, as in biliary atresia and cystic fibrosis
Although different types of cirrhosis cause initial 

obstruction at presinusoidal (schistosomiasis, biliary  

FIGURE 53-29. Cavernous transformation of portal vein in child after umbilical vein catheterization in 
infancy. A, Transverse sonogram of the liver shows several tortuous tubular veins, but no large main portal vein at the porta hepatis. 
B, Color and pulsed Doppler waveform within one of these veins shows slow hepatopetal flow. The main hepatic artery is large (arrow) 
just deep to the vein being interrogated, a typical finding in cavernous transformation of the portal vein. C, Despite the venous collaterals 
transporting blood into the liver around the thrombosed main portal vein, the child had splenic varices seen on longitudinal sonogram. 
D, Color and pulsed Doppler waveform of the splenic varices shows more brisk venous flow than that seen in the porta.
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CAUSES OF CIRRHOSIS IN CHILDREN

Hepatitis
Toxins accumulated in inherited metabolic diseases
Biliary atresia
Cystic fibrosis
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wall of the abdomen and thorax. Documenting hepa-
tofugal flow in such a vein situated within the falciform 
ligament is an easy way to establish the diagnosis of 
portal hypertension in children. The superficial abdomi-
nal (thoracic) wall collaterals are readily traced with color 
Doppler sonography if a high-frequency transducer is 
used (see Fig. 53-26, E ).

The left gastric vein, shunting blood from the liver 
to esophageal varices, although dilated, becomes increas-
ingly difficult to detect sonographically in children with 
advanced cirrhosis. Atrophy of the left lobe of the liver 
abolishes the acoustic window through which the lesser 
omentum is normally explored.

All the other portosystemic shunts described in Figure 
53-22 are possible in children with cirrhosis; thus the 
entire abdomen and pelvis should be explored with 
sonography. The principle of shunting is constant in 
all portosystemic collaterals; a dilated, often tortuous 
splanchnic vein with reversed (hepatofugal) flow shunts 
blood into a systemic vein that is equally dilated at the 
site of the shunt. Rapid venous blood flow produces 
high, steady Doppler shifts. Turbulence and bidirec-
tional flow often occur at the shunt site. A diagram that 
summarizes the Doppler findings is extremely helpful in 
visualizing the entire shunt route as well as the intrahe-
patic circulation (see Fig. 53-22). A few patients with 
severe portal hypertension develop reversal of flow in the 
main portal vein, sometimes because of the proximity of 
a large shunt near the porta hepatis (see Fig. 53-28). If 

seen angiographically. Doppler shifts from segmental 
arteries are increased compared to their portal venous 
neighbors.

Two hemodynamic mechanisms appear to operate in 
patients with portal hypertension, especially in those 
with cirrhosis. The backward-flow theory explains 
portal hypertension by the increased resistance to portal 
venous flow caused by the intrahepatic block described 
earlier. In response to stagnating intrahepatic flow, por-
tosystemic collaterals form and drain blood away from 
the liver, finally resulting in hepatofugal flow in some or 
all segmental branches and in the main portal vein, 
which is easily demonstrated with Doppler sonography. 
Why does the portal pressure remain elevated despite the 
presence of such a decompression mechanism? This 
question may be answered by the forward-flow theory. 
In the backward-flow theory, portal blood flow is 
unchanged or even diminished. The forward-flow theory 
proposes that splanchnic arterioles dilate in patients with 
cirrhosis. The resultant decreased splanchnic resistance 
leads to increased flow in the intestinal arteries and veins, 
with subsequently increased portal venous blood flow. 
This would explain why portal hypertension is main-
tained despite extensive portosystemic shunting.

Because the obstruction to portal blood flow in cir-
rhosis is within the liver, periportal and cystic venous 
collaterals rarely develop. However, blood is often 
shunted from the left portal vein through one or several 
tortuous paraumbilical veins to veins of the anterior 

FIGURE 53-30. Congenital hepatic fibrosis causes portal vein and biliary obstruction: portal cavernoma 
and bile duct ectasia. A, Sagittal view shows multiple small cystic structures in the right lobe of the liver. The adjacent kidney is 
large and contains multiple hyperechoic foci throughout the cortex and medulla caused by recessive polycystic kidney disease. B, The liver 
hilum in a 12-year-old girl contains three tubular structures: two “portal veins” and a dilated bile duct (devoid of color flow signals). (From 
Patriquin HB. Pediatric diseases test and syllabus. Vol 35. Reston, Va, 1993, American College of Radiology.)
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paraumbilical veins. The sonographic diagnosis of VOD 
remains difficult; clinical and laboratory criteria are 
better indicators of the severity of VOD and its response 
to medical therapy.75 Thrombosis of the main hepatic 
veins is usually caused by coagulation abnormalities or 
congenital malformations of the hepatic vein ostia. 
Obstruction of the hepatic portion of the IVC may result 
in thrombosis of the hepatic veins. Congenital mem-
branes of the IVC resulting from faulty embryologic 
fenestration of its lumen can also lead to obstruction of 
hepatic veins.76,77 The most common position for such 
a membrane is below an obstructed left hepatic vein and 
above a patent right hepatic vein, probably a result of an 
obstructing fibrous remnant of the left umbilical vein 
and ductus venosus.

one were to depend on reversed portal venous flow to make 
the diagnosis of portal hypertension, one would miss the 
diagnosis in the majority of such patients.73

Suprahepatic (Posthepatic)  
Portal Hypertension

The clinical quartet of ascites, abdominal pain, jaundice, 
and hepatomegaly that follows obstruction of the hepatic 
veins is called the Budd-Chiari syndrome (Fig. 53-31). 
It is rare in children. Doppler sonography is particularly 
useful in excluding the diagnosis, because the four clini-
cal signs that make up the syndrome are quite common 
in children with other forms of portal hypertension. The 
first patients with thrombosis of the hepatic veins 
described by Budd (1846), Fredrichs, Lange, and Chiari 
(1899) were thought to have hepatic phlebitis secondary 
to sepsis or syphilis, with primary involvement of small 
branches of the hepatic veins. Since then, other causes 
have been recognized, now classified as obstruction of 
the central and sublobular veins, the major hepatic veins, 
or the IVC near the hepatic vein ostia.74 Small-vessel 
hepatic venous occlusive disease (VOD) is caused by 
toxins, especially pyrrolizidine alkaloids contained in 
ragwort or Jamaican bush tea; chemotherapy; bone 
marrow transplantation; lupus erythematosus; hepatic 
irradiation; and oral contraceptives. This VOD involves 
primarily small hepatic venous radicles, although the 
major branches may be secondarily involved.

Sonographic findings of VOD include splenomegaly, 
ascites, small-caliber hepatic veins, and flow in 

FIGURE 53-31. Budd-Chiari syndrome. A, Acute appearance: the liver is surrounded by ascitic fluid. The diagonal course of a 
hepatic vein is filled with echogenic clot (arrow). B, Several days later, color Doppler image shows almost complete absence of flow within 
the hepatic vein (blue). (Courtesy M. Lafortune, MD, Montreal.)
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CAUSES OF HEPATIC VENOUS 
OCCLUSIVE DISEASE

Toxins
Ragwort or Jamaican bush tea

Chemotherapy
Bone marrow transplantation
Lupus erythematosus
Hepatic irradiation
Oral contraceptives
Coagulation abnormalities
Congenital malformations of hepatic vein ostia
Obstruction of hepatic portion of inferior vena cava
Congenital membranes of inferior vena cava
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the congested splanchnic system into a systemic vein, as 
in the end-to-side portocaval shunt, in which the main 
portal vein is redirected. The hepatic end is ligated and 
the splanchnic end is connected to the IVC. In this situ-
ation, portal venous perfusion of the liver is minimal. 
Partial shunts divert only some of the splanchnic blood 
into a systemic vein, thereby yielding better liver perfu-
sion and reducing the incidence of hepatic encephalopa-
thy. The distal splenorenal (Warren) shunt connects the 
splenic vein to the left renal vein. The side-to-side, H-
type, portocaval shunt connects the portal vein to the 
IVC at the porta hepatis. The REX shunt connects the 
left portal vein to the IVC using a donor vein. Many 
variants of these surgical procedures exist.

Doppler study of the intrahepatic portal veins is 
invaluable in the assessment of portocaval shunt 
patency. In the majority of patent shunts, flow in the 
intrahepatic portal veins is hepatofugal.78 It is easy to 
understand why this should be so in side-to-side porto-
caval shunts, where high-pressure intrahepatic venous 
blood flows through the shunt into the low-pressure 
vena cava. It is more difficult to explain hepatofugal flow 
in the intrahepatic portal veins in patients with an end-
to-side portocaval shunt, in whom the hepatic end of the 
portal vein has been ligated and cut. Blood may leave 
the liver through a system of collateral veins between 
intrahepatic branches of the portal vein and low-pressure 
systemic veins. This phenomenon has been demon-
strated on angiography.79

Signs of shunt obstruction include the following:
• The shunt site is difficult or impossible to detect, 

and no Doppler signals can be obtained.
• Blood in the splanchnic vein feeding the shunt no 

longer flows toward the shunt.
• The direction of intrahepatic portal venous flow 

returns to normal.
• Spontaneous portosystemic shunts and other signs of 

portal hypertension reappear.

DOPPLER SONOGRAPHY  
IN CHILDREN RECEIVING  
LIVER TRANSPLANT

Pretransplantation Evaluation

Before liver transplantation can be considered, the caliber 
and patency of the main portal vein and IVC must be 
assessed. This is usually done with Doppler sonography 
and supplemented with MRI.80,81 If the portal vein diam-
eter is less than 4 mm (as in advanced cirrhosis) or if 
Doppler flow studies are equivocal, MRI or angiography 
may be performed. Children with biliary atresia may 
have an associated polysplenia syndrome (see Fig. 53-8, 
C-G), which includes intestinal malrotation, bilaterally 
symmetrical patterns of the major bronchi, abnormal 
location of the portal vein anterior to the duodenum, 

After any obstruction of the hepatic veins, the liver 
becomes enlarged and congested. Because the caudate 
lobe has its own hepatic vein that drains into the IVC 
below the others, it is often spared and serves as the only 
initial venous drainage route for the entire liver. The 
caudate lobe enlarges quickly and often compresses the 
IVC. This is followed by ascites, often pleural effusions, 
splenomegaly, and the formation of portosystemic col-
laterals. Doppler sonography shows absence or reversal 
of flow in the hepatic veins (Fig. 53-31). Areas of high-
velocity flow near stenoses of hepatic veins are easily 
detected with color-guided, pulsed Doppler sonography. 
In the absence of hepatic venous drainage, arterial blood 
may be shunted into the portal vein through microscopic 
shunts at the portal triad or through larger intrahepatic 
shunts. Portal venous flow may reverse. Alternately, the 
portal vein may thrombose when liver congestion is 
severe. All these changes can be detected with Doppler 
sonography. Wedge hepatic venography, which shows 
a spider web network of intrahepatic veins instead of the 
usual hepatic venous lumens, is now rarely performed.

The patient with acute Budd-Chiari syndrome rarely 
has time to form portosystemic collateral routes. If 
present, shunt routes are similar to those seen in cirrho-
sis. (Periportal and cystic veins do not usually serve as 
shunt routes because they drain into the segmental 
branches of the right portal vein, which are highly con-
gested in response to hepatic vein obstruction.) Extensive 
intrahepatic shunts may form and can be demonstrated 
with color Doppler sonography.

The treatment of hepatic vein occlusion is anticoagu-
lant therapy, ablation of obstructive webs, or emergency 
portocaval shunting. The recanalization of hepatic veins, 
the regression of portal hypertension (decreased caliber 
and flow velocity in portosystemic shunts, smaller spleen, 
absorption of ascites), and the patency of therapeutic 
shunts can be assessed with Doppler sonography.

Surgical Portosystemic Shunts

Previously, definitive treatment of children with bleed-
ing esophageal varices was surgical portosystemic shunts. 
These shunts are now created only when sclerotherapy 
of varices has failed or liver transplantation is not  
feasible. Children with healthy livers and prehepatic 
portal hypertension are still candidates for shunt proce-
dures. Transjugular intrahepatic portosystemic shunts 
(TIPS) are being performed as an alternate to classic 
surgical shunts in adults, with increasing use in children. 
The patency of transjugular shunts is being monitored 
with Doppler sonography, which shows blood flowing 
from the “donor” right portal vein through the intra-
hepatic stent and into the right (or another) hepatic vein. 
Shunt stenoses, thrombosis, and flow around the stent 
are readily visible with Doppler sonography.

Surgical portosystemic shunts can be total or partial. 
Total shunts direct the entire venous blood flow from 
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establishes patency of the hepatic artery. In segmental 
liver transplants, the “porta hepatis” is located eccentri-
cally along the right lateral costal margin.82 Given the 
variability of graft size and orientation in the right 
upper quadrant, the sonographer must find optimal 
imaging windows by trial and error. In the immediate 
post operative period, hepatic arterial flow (both systolic  
and diastolic) is generally brisk. However, in the next 
2 to 3 days, graft edema may result in transiently 
decreased diastolic flow. As long as systolic upstroke 
remains sharp and there are other signs of graft swelling 
(i.e., periportal edema), patients are watched expec-
tantly. If the patient’s liver enzyme levels rise, further 
Doppler evaluation or surgical reexploration is generally 
performed.

Children with clinically undetected, chronic obstruc-
tion of the main hepatic artery have been reported in 
whom dampened intrahepatic arterial flow was detected 
with Doppler sonography. Angiography in these patients 
shows obstruction of the hepatic artery and liver perfu-
sion through extensive arterial collaterals around the site 
of a portoenterostomy at the porta hepatis.

In patients well enough to eat or receive gastric tube 
feedings, remember that hepatic arterial Doppler shifts 
are difficult to detect after a meal.64 A repeat examination 
after a fast may show much stronger signals. Failure to 
detect intrahepatic arterial Doppler shifts indicates 
thrombosis or a prethrombotic state. Given the risk of 
graft injury, arteriography is generally performed in this 
situation, with the intent to treat with thrombolytics or 
angioplasty.

Although hepatic artery interrogation is the most 
important part of the posttransplant examination, the 
Doppler study is also helpful in assessing the patency of 
the venous anastomoses—the portal and hepatic veins 
and the IVC. The sites of venous anastomosis are clearly 
visible with gray-scale sonography and should be dem-
onstrated (Fig. 53-32). Portal venous thrombosis at the 
anastomosis may occur but is less frequent than arterial 
occlusion. Turbulence may be expected at the anasto-
motic site of the portal vein (Fig. 53-33). Stenosis 
or compression of the portal vein is accompanied by 
locally increased Doppler shifts. Portal hypertension may 
follow. Poststenotic dilation of the portal vein may occur 
without serious sequelae. In some patients with a small 
portal vein from a segmental transplant, prolonged 
fasting may increase hepatic arterial flow and make  
visualization of the portal vein difficult. A limited 
follow-up scan, after feeding the patient, can vastly 
improve visualization of portal venous flow.

Inferior vena cava thrombosis is usually asymptom-
atic in the child because collateral flow through the para-
vertebral venous system is quickly established. The 
sonographic diagnosis of an IVC thrombus in a child 
with lobar transplantation can be difficult. The IVC 
lumen is obliterated by thrombus, and the vessel becomes 
very difficult to find (Fig. 53-34, A and B). However, 

and interruption of the IVC.13,80 Liver transplantation 
may be more difficult in these children. It is essential 
that the surgeon be aware of this anatomic abnormality 
before transplantation.

In addition, portocaval or mesenteric-caval shunts, 
whether created surgically or occurring naturally, change 
both the flow pattern and the caliber of the main portal 
vein and may alter the surgical approach to transplanta-
tion. The anatomic variants of the hepatic artery are  
not always demonstrated on sonography, but angio-
graphy is rarely performed for the purpose of outlining 
the anatomy of the hepatic artery. The examination of 
the child before transplantation should also include 
several organs: the kidneys, lungs, heart, and intestinal 
tract.80

During liver transplantation in the child, the donor 
hepatic artery is sometimes removed with a cuff of aorta 
and anastomosed to the recipient’s abdominal aorta or 
iliac artery. An adult liver is usually divided before being 
transplanted into a small child. Although the left lobe 
(segments 2 and 3) is preferred, an adult liver may be 
divided and used for two recipients. A transient fluid 
collection often forms around the cut surface of the 
transplanted lobe or segments, even though the cut is 
packed with hemostatic material such as Gelfoam or 
fibrin glue. Because the anatomy involved in segmental 
or lobar liver transplantation differs considerably from 
the normal anatomy and from the anatomy involved in 
whole-organ transplantation, a diagram of the procedure 
is a useful guide for the sonographer assessing patency of 
anastomosed vessels.

Posttransplantation Evaluation

The most common complication in the immediate  
postoperative period is hepatic artery stenosis and 
thrombosis. Although collateral vessels may form in the 
child and shunt arterial blood into the liver, bile duct 
injury frequently occurs, followed by the formation of 
bile lakes and recurrent infection. Retransplantation is 
almost invariably necessary.

Immediate Doppler examination either in the surgi-
cal suite or at the child’s bedside soon after surgery and 
then daily for 5 to 7 days is typically performed to 
confirm patency of the anastomosed vessels, before 
clinical or biochemical liver examinations become 
abnormal. The hepatic arterial anastomosis can be  
difficult to see adjacent to the Roux loop, so it is  
important to examine the intrahepatic arterial branches 
adjacent to intrahepatic portal veins, with both gray-
scale and Doppler techniques. Optimal sites for the 
detection of hepatic arterial Doppler signals in whole-
liver transplants are adjacent to the umbilical branch of 
the left portal vein and adjacent to the branch to seg-
ments 3 and 4, and alongside the right portal vein  
and the branches to segments 6 and 7 (see Fig. 53-23). 
The presence of arterial signals at these sites usually 
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collapsing and blending into the medium-level echoes of 
the retroperitoneum.

Graft rejection does not result in predictable flow 
alterations of the hepatic artery, unlike the increased 
intrarenal resistance to flow noted in acute renal allograft 
rejection. However, changes in the normal phasicity  
of hepatic venous blood flow have been linked to graft 
rejection. Specifically, when normal triphasic hepatic 
venous blood flow becomes monophasic, biopsy  
specimens show evidence of acute rejection (sensitivity 
92%, specificity 48%) or other hepatic disease (cholan-
gitis, fibrosis, centrilobular congestion/necrosis, lympho-
proliferative disease, cholestasis, hepatitis).83 Some liver 
transplant recipients never demonstrate triphasic flow, 
presumably because of poor elasticity in the donor graft, 
and thus these criteria are not useful.

Biliary air or pneumobilia is another common 
finding in patients after liver transplant (Fig. 53-34, I). 
Anecdotally, it is less frequent in the immediate postop-
erative period (despite routine stenting of the duct) and 

even a patent IVC can be difficult to find because ana-
tomic relationships are greatly altered in these children. 
At Doppler sonography, flow in a hemiazygos vein is 
easily mistaken for flow in the IVC. The IVC is fre-
quently compressed by a large donor graft, so careful 
examination of the draining hepatic veins is important 
in these patients.

During segmental transplantation, the recipient’s IVC 
is left intact and the hepatic vein(s) directly anastomosed 
to the IVC or right atrium. Both the hepatic veins and 
the IVC may thrombose, starting at the anastomosis. 
The immediate postoperative examination outlines the 
surgical anatomy in these children and serves as a useful 
standard for comparison in assessing the continued 
patency of the anastomosed vessels. Stumps of oversewn 
graft IVC are also frequently encountered, lying between 
the liver parenchyma and native IVC. Thrombus in  
the remnant of donor IVC seldom propagates but can 
be seen as intraluminal echoes perioperatively. With 
time, these donor IVC remnants become less visible, 
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FIGURE 53-32. Normal anatomy after seg-
mental transplant. A, Portal venous anastomosis 
after transplantation. Note the mild caliber change of the 
preanastomotic and postanastomotic segments, likely 
reflecting small size of the recipient patient and larger size 
of the graft donor. Caliber change is in the wrong direction 
for an anastomotic stricture. MPV, Main portal vein. B, 
Characteristic curved course of main portal vein. C, 
Normal pulsed Doppler tracing of hepatic artery (HA). 
Note the sharp systolic upstroke and good forward flow 
throughout diastole.
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tions. Aneurysms may develop in the portal vein or 
hepatic arteries (Fig. 53-34, E-H), particularly at anasto-
moses or where segments of donor vessel were used. A 
careful search of the entire length of donor portal vein 
and hepatic artery to the point of connection to native 
vasculature is recommended. In the case of infrarenal 
aortic anastomoses, the entire length of the hepatic artery 
conduit may be difficult to identify. Intervening bowel 
gas may be compressed out of the way, or a far lateral, 
midaxillary line of scanning through the flank may show 
the graft site along the anterior surface of the aorta just 
below the renal arteries. Cross-sectional imaging with 
CT angiogram, MRI, and occasionally angiography are 
occasionally needed. Hepatic vein stenosis can also be a 
cause of cryptic graft failure. Careful examination of the 
hepatic venous outflow may still show only indirect evi-
dence of stenosis: loss of phasicity in the hepatic veins, 
with change in phasicity in only one of the three hepatic 
veins. Given the location of the upper hepatic venous or 
caval anastomosis, sonographic evaluation is challenging. 

is more likely to be noted on routine follow-up scans 
several months later. The source of air is retrograde 
passage from the gastrointestinal tract, through the Roux 
loop and choledochoenterostomy and into the bile ducts. 
Careful examination of the liver parenchyma on routine 
follow-up sonography is important to exclude biliary tree 
abnormalities, abscess, focal areas of ischemia, and com-
plications of percutaneous biopsy (e.g., bile lake, AV 
shunts, hemorrhage). Biliary ductal dilation may be 
caused by stenosis of the choledochoenterostomy, bile 
duct ischemia with secondary stricture, stone disease, 
and compression of ducts by external masses, fluid col-
lections, or adenopathy. Perioperative fluid collections 
are common and typically resolve in weeks to months. 
Persistent collections may represent lymphocele or per-
sistent bile leak. New collections are most often related 
to infection, iatrogenic injury, trauma, or graft failure.

Long-term survival of pediatric liver transplant patients 
continues to improve, bringing a new set of long-term 
complications to search out during imaging examina-

FIGURE 53-33. Portal vein stenosis after transplantation. A, Subcostal oblique sonogram, and B, color Doppler image, 
show a narrowed segment of the portal vein at the anastomotic site (arrow). C, Pulsed Doppler tracing just beyond the site of stenosis 
shows turbulent, high-velocity, bidirectional flow; MPV, main portal vein. D, Color and pulsed Doppler images in a different transplant 
patient show impending thrombosis of the portal vein (PV), with absent color signal and minimal flow on low scale settings.
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FIGURE 53-34. Transplant complications. A, Thrombosis (cursors) of inferior vena cava (IVC) after bisegmental liver trans-
plantation in a 2-year-old child contrasts with the hypoechoic lumen of a nearby patent hepatic vein. B, Partial thrombosis of oversewn 
donor IVC interposed between native inferior vena cava and hepatic parenchyma. This is not usually problematic unless the clot propagates. 
C, Color and pulsed Doppler image shows arteriovenous fistula with turbulent flow in a transplant liver after biopsy. D, Focal dilation 
(cursors) of a bile duct in the left lobe of the transplant liver. This may be caused by hepatic arterial compromise and duct stenosis or 
ductal injury from previous percutaneous biopsy. 
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Occasionally, venography will clearly show a tight steno-
sis where one was only suspected sonographically. For-
tunately, venous access in these cases can also be used to 
treat the lesion with angioplasty.

Additional complications in the long-term liver  
transplant survivors include renal cystic disease,84 chronic 
renal failure, graft-versus-host disease, lymphoprolifera-
tive disorders, and other complications of immune 
suppression.

Multiorgan Transplants

A growing new subset of liver transplant recipients 
involves those receiving combined liver–small intestine 
transplants. Sonographic evaluation of the whole-liver 
transplant is unchanged, although the addition of a 
second donor pancreas and donor aorta with celiac and 
superior mesenteric arteries can create Doppler imaging 

challenges.85 Evaluation of the small bowel is limited 
when there is postoperative ileus. Color Doppler evalu-
ation of donor small bowel wall perfusion is useful in  
the immediate perioperative period. As bowel function 
returns, other clinical parameters replace Doppler evalu-
ation of bowel viability. When complications arise, sono-
graphic evaluation of the small bowel is similar to the 
approach used for necrotizing enterocolitis, looking for 
pneumatosis, poor perfusion, complicated ascites, and 
signs suggesting perforation. Sonographic imaging expe-
rience with these patients continues to expand.

THE SPLEEN

Examination of the spleen is an integral part of the 
sonographic assessment of the child with liver or pancre-
atic disease or with infection or trauma.
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FIGURE 53-34, cont’d. E to H, Portal vein aneurysm several years after 
whole-liver transplant. E, Twin screen (gray scale and color Doppler) display of 
swirling blood flow in the main portal vein. F, Color and pulsed Doppler waveform 
shows turbulent flow within the aneurysm. G, Axial and H, Coronal CT images of 
same patient show the portal vein aneurysm displacing the hepatic artery. Note the 
perisplenic and perigastric varices, best seen on the coronal reformatted CT image. 
I, Pneumobilia. Transverse sonogram shows branching echogenic lines of air with 
“dirty” shadowing. Air within the biliary tree is common after choledochoenteros-
tomy and is not itself a complication, although it can impair sonographic evaluation 
of the transplant liver.

Cysts of the spleen are congenital (epithelial lined),86 
posttraumatic (pseudocyst without lining),87 or hydatid 
(unilocular and later daughter cysts).46 Splenic cysts asso-
ciated with polycystic kidney disease are rare in child-
hood. Splenic abscesses are found most frequently in 
immunosuppressed or leukemic children with candidia-
sis. The abscesses within the enlarged spleen usually 
become visible long after the diagnosis of candidal sepsis 
has been made. Cat-scratch disease is another cause of 
multiple splenic abscesses. Splenic calcifications may 
be the result of granulomatous infections (histoplasmo-
sis, tuberculosis) or chronic granulomatous disease of 
childhood.

Splenic enlargement accompanies many systemic 
infections, including infectious mononucleosis (EBV) 
and other viral infections, typhoid fever, malaria, and 
fungal infections. Both the length and the width of the 
spleen increase (Fig. 53-35). The lower tip of the spleen 
becomes rounded. Other causes of enlargement include 
congestion in portal hypertension and infiltration with 
leukemic or lymphomatous tissue, which is usually 
impossible to distinguish from normal splenic paren-
chyma sonographically. These conditions underline the 
importance of examining the spleen in the context of the 
entire abdomen (e.g., for liver disease and portosystemic 
collaterals or for lymphadenopathy).28
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lacerations are difficult to see on sonography. Hemoperi-
toneum is almost always present. Sonography is being 
used as the initial screening examination in children with 
abdominal trauma with variable results.88,89 Not all 
studies routinely compare focused abdominal sonogra-
phy for trauma (FAST) scanning with CT, the “gold 
standard.” CT may be used only in doubtful cases or 
when there is concomitant spinal or head trauma. Pro-
ponents of sonography state that despite underdiagnos-
ing some pancreatic and exceptional splenic hematomas 
as well as some mesenteric tears, the surgical manage-
ment of their children was not affected, and no child 
died because lesions were missed at the initial examina-
tion.89 In their cases, CT was performed if sonography 
was difficult because of rib fractures, or if there was 
doubt or increasing unexplained hemoperitoneum. CT 
remains the standard of care for pediatric abdominal 
trauma in the United States, whereas ultrasound is 
favored in Canada and some European countries.

Spontaneous rupture of the spleen occurs in the 
enlarged fragile organ in infectious mononucleosis90 and 
is heralded by hemoperitoneum.

Splenic infarcts occur frequently in children with 
sickle cell anemia and also in children with various forms 
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FIGURE 53-35. Hepatosplenomegaly. When the liver or spleen extends below the inferior pole of the ipsilateral kidney, enlarge-
ment is always present. A, Coronal sonogram of an enlarged liver in a teenager with elevated liver function tests. B, Hepa tomegaly in a 
newborn with multiple hemangiomas. Note the fetal lobation and newborn echotexture of the right kidney. C, Longitudinal sonogram 
of splenomegaly in a teenager with mononucleosis.

CAUSES OF SPLENIC ENLARGEMENT

Infection (bacterial, viral, protozoal, fungal)
Lymphoma, leukemia
Lymphoproliferative disorders

Chronic granulomatous disease
Cirrhosis, portal hypertension
Sequestration

Sickle cell disease
Hemolytic anemia, extramedullary hematopoiesis
Langerhans cell histiocytosis
Storage diseases

Gaucher’s disease
Niemann-Pick disease
Mucopolysaccharidoses

Collagen vascular disease
Congestive heart failure
Sarcoidosis

The spleen is one of the most frequently injured 
organs when abdominal trauma has occurred. Splenic 
hematomas are usually hypoechoic lesions, often located 
under the capsule (Fig. 53-36, C ). Fresh hematomas 
may be isoechoic or hyperechoic, and some linear  
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contagious. I think she would enjoy the advances 
described and new images included in the chapter.
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PEDIATRIC RENAL SONOGRAPHY

Improvement in resolution of ultrasound equipment and 
the development of higher-frequency transducers have 
resulted in the widespread use of sonography for diag-
nosing and studying diseases of the kidney and adrenal 
gland in the pediatric patient. Sonography has the 
advantages of requiring no contrast material and of using 
nonionizing radiation. It is the primary imaging modal-
ity of the pediatric urinary tract.

Technique

The examination of the urinary tract in the pediatric 
patient should include images of the kidneys, ureters if 
visualized, and urinary bladder. The child’s parents are 
asked to bring the patient for the study with a full 
urinary bladder. The child may be given fluid to drink 

and asked not to void for [ 1
2] hour before the examina-

tion. For a young child who is not yet toilet-trained, the 
examination may be timed to bladder filling, with the 
patient being given fluids to drink while in the ultra-
sound department. The bladder must be checked first 
and frequently; the patient may fill and void suddenly.

Although children vary in their ability to hold still for 
a sufficient period, sedation is rarely needed. Infants 
under 1 year of age can be fed or given a pacifier during 
the examination. The patient older than 1 year can be 
distracted or entertained during the examination by 
watching movies, playing with toys, or reading a book. 
The addition of cine loop with clips often compensates 
for the movement of the child.

We use the services of child life specialists available 
through our hospital. Child life specialists are profession-
ally trained and certified members of the health care 
team. They are experts in child development who 
promote effective coping through play, preparation,  
education, and self-expression activities. By providing *In her memory, for all she did for pediatric radiology.
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positions. The supine sagittal or coronal image allows 
optimal visualization of the upper pole, which may be 
obscured by ribs in the prone position. The echogenicity 
of the kidney can also be compared to the adjacent liver 
and spleen. Decubitus positioning is helpful to visualize 
the upper pole for measurement when the upper kidney 
is obscured by the ribs. The prone image allows optimal 
visualization of the lower pole of the kidney, but the 
upper pole may be obscured by overlying ribs or aerated 
lung in the costophrenic angle.

The maximum renal length obtained on the supine 
or prone images is utilized and is plotted against age1 
(Fig. 54-2, A). In cases where the patient is unusually 
tall or short or obese for age, the renal length may be 
plotted against patient height or weight (Fig. 54-2, B and 
C ). Kidney volumes may be determined by obtaining 
a transverse image through the midkidney and measur-
ing anteroposterior (AP) and transverse dimensions. 
(Fig. 54-1, C ) The following volume formula for an 
ellipsoid kidney shape is used: 

Kidney volume Length Width Height= × × × 0 523.

Several references are available for normal renal size, 
including length and volume1-4 (Fig. 54-3 and Table 
54-1). Data for length of a single functioning kidney in 

developmentally appropriate preparation and support 
before and during medical procedures, child life special-
ists help to lower levels of fear, stress, and anxiety. A 
child life specialist who is present with a parent during 
a procedure can also enhance the parent’s ability to 
support the child. This psychosocial approach in col-
laboration with the health care team can contribute to a 
patient’s ability to cope more effectively, with greater 
cooperation and success during medical procedures.

A variety of ultrasound equipment can be used. The 
highest-frequency transducer that will penetrate the area 
being examined is optimal. In an infant, this is usually a 
14-6 MHz transducer, and in a child, a 6.0-MHz trans-
ducer. Harmonic imaging may aid in visualization of the 
difficult-to-scan patient. Different types of transducers are 
used for different parts of the body. Scans of the kidneys 
from the back are best performed with a linear or curved 
linear transducer, whereas frontal scans of the kidney are 
best performed with a curved linear or sector transducer 
that penetrates between the ribs. Views of the bladder are 
performed with a curved linear transducer. The ureters are 
evaluated as they leave the renal pelvis and enter the 
bladder. The images are recorded on digital storage.

Routine examination includes longitudinal and trans-
verse views of both kidneys (Fig. 54-1). In the pediatric 
patient the kidneys are imaged in the supine and prone 

C

A B

FIGURE 54-1. Renal length and volume. A, Longitudinal supine 
scan. B, Longitudinal prone scan. Measurement is made in maximum 
craniocaudal dimension (+) on either supine or prone view C, Transverse 
prone scan through midkidney measuring anteroposterior (+) height and 
transverse (*) width dimensions (volume = length × width × height × 0.52).
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FIGURE 54-2. Renal length versus age (A), height (B), and weight (C). (From Han BK, Babcock DS. Sonographic 
measurements and appearance of normal kidneys in children. AJR Am J Roentgenol 1985;145:611-616.)
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Because the bladder varies in shape, various formulas 
have been suggested to calculate its volume. A correction 
coefficient, k, has been calculated on the basis of bladder 
shape using the following formula6 (Table 54-3): 

Volume Height Weight Depth= × × × k

Bladder capacity may also be compared with normal 
data obtained during radionuclide cystography7 (Table 
54-4). Bladder volume is also determined by age, as 
follows: 

Volume Age yr mL= ( ) + ×2 30

Bladder wall thickness is determined on the 
maximally distended bladder in a sagittal plane. The 
posteroinferior wall is measured (Fig. 54-5). Wall thick-
ness can also be measured in the transverse plane lateral 

children has also been reported.5 Compensatory renal 
growth of a single functional kidney occurs in utero, and 
its relative size difference continues throughout infancy 
and childhood (Table 54-2). Renal size in premature 
infants has also been compared to gestational age or birth 
weight3,4 (Fig. 54-4). Renal size should be measured and 
compared to charts1-5 (see Figs. 54-2 and 54-3). In 
patients with chronic problems, such as recurrent urinary 
tract infections, reflux, or neurogenic bladder, renal 
growth should be plotted on follow-up examinations.

Longitudinal and transverse views are obtained of the 
urinary bladder in both distended and postvoid states 
(Fig. 54-5). Images are obtained with a convex linear 
transducer using the highest frequency that will pene-
trate the patient. Harmonic imaging may be useful to 
minimize artifacts. Bladder volume may be determined 
on longitudinal and transverse views of the urinary 
bladder when maximally but comfortably distended. 

FIGURE 54-3. Volume of left kidney 
(A) and right kidney (B) correlated 
to body weight. Median values and the 
95% regions of tolerance are determined by sta-
tistical analysis of 325 children. Regression line 
and tolerance limits were computed after loga-
rithmic transformation of volume and weight 
and then retransformed. There is only a slight 
difference between the left and right kidneys. 
(From Dinkel E, Ertel M, Dittrich M, et al. 
Kidney size in childhood: sonographical growth 
charts for kidney length and volume. Pediatr Radiol 
1985;15:38-43.)
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Scans of the bladder are performed with the bladder 
comfortably full so that abnormalities, including wall 
thickening and trabeculation, can be seen. Dilation of 
the distal ureters and ureteroceles are also sought. The 
thickness of the bladder wall may be increased with 
inflammation or muscular hypertrophy. Postvoid views 
of the bladder and kidneys may be helpful in patients 
with a neurogenic bladder or dilated upper collecting 
system, because a distended bladder may cause increased 
dilatation.

Doppler sonography is used in selected clinical  
situations to evaluate the ureteric jets (Fig. 54-5, C ). 
Doppler ultrasound of the kidneys is performed in select 
patients when renal vein or arterial disease is suspected, 
using similar technique as in adults. Three-dimensional 
(3-D) Doppler technique has been recently added, with 
applications yet to be explored (Fig. 54-6). Surface-
rendered views of the bladder and distal ureters have 
been helpful in select patients.9 Volume measurement 
of the kidney parenchyma may be useful, especially with 
hydronephrosis.10

Normal Renal Anatomy

Throughout the second trimester, the fetal kidney con-
sists of a collection of renunculi (small kidneys), each 
composed of a central large pyramid with a thin periph-
eral rim of cortex. As the renunculi fuse progressively, 
their adjoining cortices form a column of Bertin. The 
former renunculi are then called lobes. Remnants of 
these lobes with somewhat incomplete fusion are recog-
nized by a lobulated surface of the kidney. This “renal 
lobulation” (sometimes called fetal lobulation) should 
not be confused with renal scars11 and may persist into 
adulthood12 (Fig. 54-7). The renal junctional defect 
(junctional parenchymal defect, interrenicular septum or 
fissure) is the most prominent of these grooves, extend-
ing from the hilum to the cortex and caused by perirenal 

TABLE 54-1. NORMAL STANDARDS FOR 
BODY WEIGHT VS. KIDNEY LENGTH IN 

NEWBORNS

BODY WEIGHT (g)

Kidney Length (mm)*

LOWER LIMIT UPPER LIMIT

600 26.4 35.7
700 27.2 36.5
800 27.9 37.2
900 28.7 38.0

1000 29.4 38.7
1100 30.1 39.5
1200 30.9 40.2
1300 31.6 41.0
1400 32.4 41.7
1500 33.1 42.5
1600 33.9 43.2
1700 34.6 43.9
1800 35.1 44.7
1900 36.1 45.4
2000 36.9 46.2
2100 37.6 46.9
2200 38.4 47.7
2300 39.1 48.4
2400 39.9 49.2
2500 40.6 49.9
2600 41.3 50.7
2700 42.1 51.4
2800 42.8 52.2
2900 43.6 52.9
3000 44.3 53.7

*Upper and lower limits are determined from 95% confidence limits.
From Schlesinger AE, Hedlund GL, Pierson WP, Null DM. Normal standards 

for kidney length in premature infants: determination with US. Work in progress. 
Radiology 1987;164:127-129.

to the trigone. Normal measurements are reported for 
both a full and an empty bladder8 (see Normal Bladder 
Anatomy).

Both the bladder volume and bladder wall thickness 
are affected by the degree of bladder distention. Spurious 
measurements can be obtained with a less than fully 
distended bladder.

TABLE 54-2. MEAN AND STANDARD DEVIATION (SD) OF RENAL LENGTH OVER FIXED 
AGE RANGES IN PATIENTS WITH SINGLE FUNCTIONING KIDNEY AND A GROUP OF 

CONTROL SUBJECTS

AGE RANGE 
(wk)

Single Kidney Control Kidney

p
MEAN AGE 

(wk)
MEAN LENGTH 

(mm) SD n
MEAN AGE 

(wk)
MEAN LENGTH 

(mm) SD n

0-4 2 51.0 5.8 13 0 44.8 3.1 10 <0.002
5-15 9 56.8 6.3 40 9 52.8 6.6 54 <0.01

17-34 23 62.8 5.6 25 26 61.5 6.7 20 <0.5
34-52 46 69.6 6.8 18 41 62.3 6.3 8 <0.01
53-94 63 71.7 7.9 33 78 66.5 5.4 28 <0.01

103-153 112 78.0 8.0 32 130 73.8 5.4 12 <0.046
156-207 172 79.6 8.2 17 182 73.6 6.4 30 <0.046
208-258 225 86.7 9.5 14 234 78.7 5.0 26 <0.01
260-312 279 91.0 7.9 12 286 80.9 5.4 10 <0.01

From Rottenberg GT, De Bruyn R, Gordon I: Sonographic standards for a single functioning kidney in children. AJR Am J Roentgenol 1996;167:1255-1259.
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FIGURE 54-4. Kidney length versus birth weight (A) and gestational age (B). (From Chiara A, Chirico G, Barbarini 
M, et al. Ultrasonic evaluation of kidney length in term and preterm infants. Eur J Pediatr 1989;149:94-95.)
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FIGURE 54-5. Bladder volume. A, Longi-
tudinal midline scan. B, Transverse scans. Length 
(+), width (arrows), and anteroposterior dimension 
(*) measured at inner wall. Bladder wall thickness 
(arrowheads) measured at posterior wall. C, Ure-
teric jets.
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TABLE 54-3. SHAPE AND CORRECTION COEFFICIENT (k) FOR BLADDER VOLUME

BLADDER SHAPE k (SE) PEARSON’S r p MEAN PERCENTAGE ERROR ±SD

Whole sample* 0.66 (0.011) 0.927 <0.01 19.19 ± 9.59
Round 0.561 (0.013) 0.940 <0.01 5.10 ± 8.30
Cuboid 0.923 (0.012) 0.982 <0.01 5.53 ± 6.86
Ellipsoid 0.802 (0.006) 0.992 <0.01 3.09 ± 3.52
Triangular 0.623 (0.007) 0.988 <0.01 7.71 ± 8.66
Undefined 0.749 (0.048) 0.976 <0.01 15.18 ± 17.21

SE, Standard error; SD, standard deviation.
*Regardless of shape.
Modified from Kuzmic AC, Brkljacic B, Ivankovic D. The impact of bladder shape on the ultrasonographic measurement of bladder volume in children. Pediatr Radiol 

2003;33:530-534.

TABLE 54-4. PEDIATRIC BLADDER VOLUMES (mL): FUNCTIONAL BLADDER CAPACITY 
VS. AGE

AGE (yr) MEAN −2 SD MEAN −1.68 SD MEAN +2 SD MEAN SD

<1 21 34 189 105 42
1-2 54 72 274 164 55
2-3 85 104 321 203 59
3-4 99 121 379 239 70
4-5 114 136 390 252 69
5-6 121 145 417 269 74
6-7 126 150 430 278 76
7-8 125 152 457 291 83
8-9 145 172 481 313 84
9-10 171 197 499 335 82
10-11 168 198 540 354 93
11-12 180 212 576 378 99
12-13 203 233 579 391 94
13-14 181 219 661 421 120
Girls 13-14 194 232 666 430 118
Boys 13-14 122 162 622 371 125

n = 5165; SD, standard deviation.
Modified from Treves ST, Zurakowski D, Bauer SB, et al. Functional bladder capacity measured during radionuclide cystography in children. Radiology 1996;198:269-272.

FIGURE 54-6. Three-dimensional sonogram of 
bladder. Surface-rendered three-dimensionally acquired image 
of bladder base.

fat adherent to the renal capsule along a cleft on the renal 
surface. It is frequently seen in the anterosuperior aspect 
of the kidney.12 At birth, the pyramids are still large and 
hypoechoic compared with the thin rim of echogenic 
cortex that surrounds them. Glomerular filtration rate 
shortly after birth is low and increases rapidly after the 
first week postpartum. Throughout childhood, there is 
significant growth of the cortex, and the pyramids gradu-
ally become proportionately smaller.

The renal sonographic appearance and anatomy of  
the pediatric patient depends on age. The anatomy in 
the teenager and older child is similar to that in the 
adult13,14 (Fig. 54-8). The renal parenchyma consists of 
the cortex, which is peripheral, contains the glomeruli, 
and has several extensions to the edge of the renal sinus 
(the septa of Bertin), and the medulla (containing the 
renal pyramids), which is more central and adjacent to 
the calices. The normal cortex produces low-level, back-
scattered echoes. The medullary pyramids are relatively 
hypoechoic and arranged around the central, echo-
producing renal sinus. The arcuate vessels can be  
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ureteral obstruction and mild distention of the renal 
collecting systems. Rescanning when the bladder is 
empty will resolve this question.

In the infant the normal kidney has several features 
that differ from the normal adult patient14 (Fig. 54-8). 
The central echo complex is much less prominent com-
pared to the renal parenchyma because there is less 
peripelvic fat in the infant than in the adult. The echo-
genicity of the renal cortex in the normal term infant is 
often the same echogenicity as the adjacent normal liver, 
whereas in the older child and adult, the renal cortex is 
less echogenic than the liver. The renal cortex echo-
genicity is typically increased in the very premature 
infant compared to the liver and spleen. The medullary 

demonstrated as intense specular echoes at the cortico-
medullary junction.13 This corticomedullary differen-
tiation can be identified in most children but occasionally 
cannot be visualized in those with increased overlying 
soft tissues. The central echo complex consists of strong 
specular echoes from the renal sinus, including the  
renal collecting system, calices and infundibula, arteries, 
veins, lymphatics, peripelvic fat, and part of the renal 
pelvis. With distention of the renal collecting system, 
these echoes become separated and small degrees of 
hydronephrosis can be demonstrated. Mild degrees of 
distention can be seen in normal children, particularly 
after recent high intake of fluids or diuretics. A normally 
distended urinary bladder can also cause functional  

FIGURE 54-7. Renal lobulation changes with maturation. A, Fetal kidney of 16 weeks’ gestation. The external surface 
shows individual lobes, or renunculi, separated by deep grooves. B, Microscopic section of a whole kidney at 23 weeks’ gestation (hema-
toxylin and eosin stain). Individual renunculi, each composed of a central pyramid and a thin peripheral eosinophilic cortex, are visible. 
C, In vitro sonogram shows kidney at 1 month after birth. The lobes are well seen, each with a central pyramid and a thin rim of cortex. 
A line of fusion (arrow) is faintly seen in the center of a column of Bertin. D, Renal lobes are fused, and the external surface of a cadaver 
kidney is smooth except for three grooves; the most prominent is the interrenicular junction or junctional parenchymal defect, which 
extends from the hilum to the cortex (arrow). E, In vitro longitudinal and transverse sonographic cuts of the same kidney as in D shows 
the junctional parenchymal defect extending from the hilum to the cortex (arrow).
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FIGURE 54-8. Normal renal appearances at different ages. A, Premature infant. Cortex is prominent and more echogenic 
than the liver. B, Term infant. Normal fetal lobulations of renal cortex are isoechoic or slightly hyperechoic to liver and spleen. Prominent 
renal pyramids are hypoechoic. C, Infant. Central echo complex is not prominent because of less peripelvic fat; the renal cortex equals 
the liver in echogenicity; and the medullary pyramids (arrows) are relatively larger and appear more prominent. D, 2-year-old child. Renal 
cortex is slightly less echogenic than liver. Renal sinus fat begins to develop central echogenicity around vessels. E, 10-year-old child. 
Normal cortex produces low-level echoes, whereas the medullary pyramids (arrows) are relatively hypoechoic and are arranged around the 
central echo complex consisting of strong specular echoes. The renal cortex is equally or less echogenic than the adjacent liver (L). F, 
14-year-old child. Renal cortex is less echogenic than liver or spleen. Pyramids are much less prominent. Renal sinus fat is increased.
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pyramids in the infant are relatively larger and tend to 
appear more prominent. The corticomedullary differen-
tiation is greater in the infant and child’s kidney than in 
the adult, possibly because of increased resolution from 
higher-frequency transducers and less overlying body fat 

tissue. It may also result from differences in the cellular 
composition of the renal parenchyma in the infant. 
These prominent pyramids in the pediatric kidney can 
easily be mistaken for multiple cysts or dilated calices by 
those not familiar with the differences; normal pyramids 
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normal ureteral insertion (Weigert-Meyer rule). Its 
orifice may be stenotic and obstructed. Ballooning of the 
submucosal portion of this upper-pole ureter causes a 
ureterocele. The upper-pole ureter may have an insertion 
entirely outside the bladder; in the urethra; above, at, or 
below the external urinary sphincter; into the uterus  
or vagina; or into the ejaculatory duct, seminal vesicle, 
or vas deferens.15

Patients with unobstructed duplications have no more 
clinical problems than their normal counterparts. 
Patients with complicated renal duplications may present 
with urinary tract infections, failure to thrive, abdominal 
mass, hematuria, or symptoms of bladder outlet obstruc-
tion from a ureterocele. Female patients with urethral 
insertions of the upper-pole ureter below the external 
urinary sphincter or with vaginal or uterine insertions 
may present with chronic, constant urinary incontinence 
or dribbling.

Duplication of the renal collecting system is 
diagnosed on sonography when the central echo 
complex separates into two parts with an interposed 
column of normal renal parenchyma (column of 
Bertin)16 (Fig. 54-10). It is usually impossible to distin-
guish a partial, uncomplicated duplication from a com-
plete one because the normal ureter is difficult to 
visualize sonographically.17

With obstruction of an upper-pole moiety, dilation 
of the upper-pole collecting system and its entire ureter 
is seen (Fig. 54-11). The renal parenchyma may be 
thinned over this upper-pole collecting system. If the 
obstruction is associated with a simple ureterocele, views 
of the bladder may demonstrate the ureterocele as a 
curvilinear structure within the bladder, in addition to 
the dilated distal ureter adjacent to the bladder. A large 
ureterocele may cross the midline and obstruct the con-
tralateral ureter or bladder outlet and cause bilateral 
hydronephrosis. Ureteroceles can be difficult to diagnose 
if they are so large as to mimic the bladder. If this is a 
question, a postvoid scan will be diagnostic.

line up around the central echo complex in a character-
istic pattern and can therefore be differentiated from 
cysts. Also, the position of the arcuate artery at the cor-
ticomedullary junction can help to identify a structure 
as a pyramid.

Indentations between lobes are between pyramids, 
whereas scars are indentations within pyramids and not 
on the edge.

Normal Bladder Anatomy

The normal urinary bladder is thin walled in the dis-
tended state (<3 mm). When empty, the wall thickness 
increases but is still less than 5 mm.8 The distal ureters 
may be visible at the bladder base, especially if the child 
is well hydrated9 (Fig. 54-9).

Both the bladder volume and the bladder wall thick-
ness are affected by the degree of bladder distention. 
Spurious measurements can be obtained with a less than 
fully distended bladder. The thickness of the bladder 
wall may be increased with inflammation or muscular 
hypertrophy.

CONGENITAL ANOMALIES OF  
THE URINARY TRACT

Renal Duplication

A common congenital anomaly of the urinary tract  
is duplication of the collecting system, which may be 
partial or complete. In complete duplication, two 
pelves and two separate ureters drain the kidney. The 
lower-pole collecting system usually inserts into the 
bladder at the normal site; however, the intramural 
portion may be shorter than usual, and vesicoureteral 
reflux frequently results. The upper-pole system often 
inserts ectopically, inferior and medial to the site of the 

FIGURE 54-9. Normal urinary bladder and ureter. 
Transverse sonogram of distended bladder with thin wall (<3 mm). 
Distal ureteric insertion visible at trigone (arrow).

FIGURE 54-10. Renal duplication. The central echo 
complex (arrows) is separated into two parts with an interposed 
column of normal renal parenchyma (column of Bertin).
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With reflux into the lower-pole moiety, the lower-
pole collecting system and its ureter will be dilated to 
varying degrees. If reflux is mild, there may be no lower-
pole dilation.

Other Renal Anomalies

Other renal anomalies include congenital absence of the 
kidney, abnormal position of the kidney (e.g., pelvic 
kidney, cross-fused ectopia), and horseshoe kidney with 
fusion of the lower poles in the midline.18 Absence of the 
kidney is suspected when no renal tissue can be identified 
on sonography. At birth, the adrenal gland will take on a 
flat shape instead of the usual inverted V above the kidney 
(a lying-down adrenal). Care must be taken to search for 
the kidney not only in its usual position in the renal fossa, 
but also in the lower abdomen or pelvis. The contralateral 
kidney, when healthy, shows compensatory hypertrophy 
when one kidney is absent or severely damaged. Nuclear 
renal scan may be helpful in identifying a small, function-
ing kidney not visualized by ultrasound.

With a horseshoe kidney the longitudinal axis of the 
kidneys is abnormal, with the lower poles located more 
medially than usual and fusing in the midline anterior 
to the spine (Fig. 54-12). The fusion may be a fibrous 
band or actual fusion of the renal parenchyma. The 

FIGURE 54-11. Renal duplication with obstructing ureterocele. A, Longitudinal scan of the right kidney shows upper-
pole cyst (C) caused by dilated upper-pole collecting system. B and C, Longitudinal and transverse scans of the bladder demonstrate 
ureterocele (arrow) projecting into the bladder.

C
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FIGURE 54-12. Horseshoe kidney. Transverse supine 
scan demonstrates lower poles of kidneys (K) more medial than 
usual in the midline anterior to the spine (S). Fusion is by band 
of renal parenchyma (arrow).

lower poles of the kidneys are rotated medially and may 
be positioned somewhat lower than usual. In cross-
fused ectopy, both kidneys are located on the same side 
of the abdomen and are fused inferior to the ipsilateral 
kidney. They can also be fused in an L-shaped configura-
tion. The ureters normally insert into each side of the 
bladder.18 A horseshoe kidney may be missed easily if 
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or abscess. The exact site of obstruction may be difficult 
to visualize by ultrasound because of overlying bowel gas. 
The ureter is more often obstructed by intrinsic abnor-
malities, such as stones, blood clot, and fungus balls.

Obstruction can occur at the ureterovesical junction 
because of primary megaureter, atresia, or an ectopically 
inserted ureter. With primary megaureter, the juxtave-
sicular segment of the ureter near the bladder is nar-
rowed by an increase in fibrous tissue or by circumferential 
tissue that is devoid of muscle. There is a variable degree 
of dilation of the intrarenal collecting system and the 
ureter proximal to the narrowing. Sonography typically 
shows hydronephrosis and hydroureter with a narrow 
segment of the distal ureter behind the bladder21 (Fig. 
54-14). Increased peristalsis in the ureter proximal to the 
obstruction may be detected with real-time sonography. 
Doppler sonography often shows a diminished or abnor-
mal ureteric jet on the side of obstruction.22,23 Ectopic 
insertion of a ureter can occur with or without a ure-
terocele and results in dilation of the more proximal 
collecting system and ureter. As discussed previously, 
this is usually associated with a duplication.

Bladder Outlet Obstruction

Bilateral hydronephrosis is frequently caused by obstruc-
tion at the level of the bladder or bladder outlet. A 
neurogenic bladder (e.g., with meningomyelocele) can 
result in a thickened and dilated bladder and bilateral 
dilation of the collecting systems and ureters. The 
bladder and bladder outlet may be obstructed by con-
genital anomalies, such as posterior urethral valves or 
polyps, or it may be obstructed by a pelvic mass, such 
as a tumor distorting the bladder base. In either case, 
the bladder will be enlarged and have a thickened, irregu-
lar wall.24 Congenital anomalies of the spine should be 
sought with radiographs and spinal ultrasound in neo-
nates, if not obvious clinically. Posterior urethral valves 
can sometimes be diagnosed by ultrasound, with dem-
onstration of a dilated posterior urethra18,24(Fig. 54-15). 
Voiding cystography should be performed for optimal 
visualization of the posterior urethral valves.

Dilation of the renal collecting system is not always 
caused by obstruction, and other abnormalities, such as 
vesicoureteral reflux, should be considered. In a patient 
with hydronephrosis detected by ultrasound, the bladder 
and urethra should be further evaluated with a voiding 
cystourethrogram. Bladder size, contractility, and the 
urethra can be evaluated. In addition, vesicoureteral 
reflux can be assessed and even may be the cause of the 
urinary tract dilation.

Prune-Belly Syndrome

Abdominal muscle deficiency (Eagle-Barrett, prune-belly) 
syndrome includes congenital absence or deficiency of the 
abdominal musculature, large hypotonic dilated tortuous 

the abnormal axis of the kidney is not recognized. The 
central renal tissue may also be thin and easy to miss, 
particularly if it is only fibrous tissue.

HYDRONEPHROSIS

Dilation of the renal collecting system—hydronephrosis—
is a fairly common problem in the pediatric patient. It 
is frequently, but not always, associated with obstruc-
tion; ultrasound is particularly sensitive for its detection. 
Hydronephrosis may be detected on fetal sonography 
and the infant referred for evaluation after birth. Small 
amounts of fluid may be detected in the normal renal 
pelvis. Dilation of the renal calices is abnormal and sug-
gests significant pathology. To make a more precise diag-
nosis and to estimate severity, information on degree  
of dilation, unilateral or bilateral, ureters and bladders 
dilated, and status of the renal parenchyma should be 
obtained with sonography. Dilation may be caused by 
obstruction, reflux, or abnormal muscle development. A 
cystogram and nuclear renogram with furosemide (Lasix) 
are often performed for complete evaluation.

Ureteropelvic Junction Obstruction

The most common neonatal abdominal mass is hydro-
nephrosis,19 and obstruction is most common at the level 
of the ureteropelvic junction (UPJ), secondary to a func-
tional stricture. Stricture results in a functional distur-
bance in either the initiation or the propagation of the 
normal peristaltic activity within the ureter. The obstruc-
tion produces proximal dilation of the collecting system, 
whereas the ureter is normal in caliber. There is an 
increased incidence of abnormalities of the contralateral 
kidney.18

The investigation of a child with suspected hydrone-
phrosis usually begins with sonography to evaluate the 
anatomy of the kidneys, ureters, and bladder. The degree 
of functional obstruction is evaluated by nuclear reno-
gram with furosemide. If mild, the patient is followed; 
the obstruction and dilation often resolve as the patient 
grows older.20 The typical appearance of a hydrone-
phrotic kidney is a cystic mass in the renal fossa, which 
maintains its reniform shape (Fig. 54-13). With a UPJ 
obstruction, a larger cyst medially represents a dilated 
medial pelvis, whereas smaller cysts arranged around the 
periphery of the pelvis represent the dilated renal calices. 
A variable amount of renal parenchymal tissue can be 
visualized. With obstruction at the ureteropelvic junc-
tion, the ureter is normal in size and usually is not visual-
ized by ultrasound.

Ureteral Obstruction

The ureter can be obstructed anywhere along its course 
by extrinsic compression by a mass, such as a lymphoma 
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FIGURE 54-13. Hydronephrosis with ureteropelvic junction obstruction. A and B, Longitudinal and transverse scans 
show marked dilation of the collecting system with a larger cyst (P) medially, which is a dilated renal pelvis, and smaller connecting cysts 
from dilated renal calices (C). The ureter is normal in size and not visualized.

A B

FIGURE 54-14. Hydronephrosis with primary megaureter. A, Longitudinal scan demonstrates moderate hydronephrosis. 
B, Medial longitudinal scan shows dilated ureter (U) extending toward the bladder (B). C, Longitudinal scan through right pelvis, and 
D, transverse scan, show dilated distal ureter (U) near the insertion into the bladder (B). E and F, Excretory urogram in another patient 
demonstrates hydronephrosis and hydroureter with narrowed segment of distal ureter (arrow) behind the bladder.
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Megacystis-Microcolon-Malrotation–
Intestinal Hypoperistalsis Syndrome

This rare syndrome occurs in girls who are born with a 
grossly distended abdomen. An enlarged bladder, hydro-
nephrosis, and hydroureter are demonstrated sonograph-
ically. Microcolon, malrotation, and diminished-to-absent 

ureters, a large bladder, a patent urachus (see Urachal 
Anomalies), bilateral cryptorchidism, and dilated pros-
tatic urethra. There are decreased muscular fibers through-
out the urinary tract and prostate, resulting in dilation and 
hypoperistalsis. Renal dysplasia and hydronephrosis can 
occur to varying degrees. Associated pulmonary hypopla-
sia may lead to Potter’s syndrome and death.18

FIGURE 54-15. Bilateral hydronephrosis with posterior urethral valves. A, Longitudinal scan of kidney shows hydro-
nephrosis, which was present bilaterally. B, Scan of the pelvis shows trabeculated bladder (B) with thick walls (arrows), indicating bladder 
outlet obstruction. C, Longitudinal scan of midbladder base in another patient shows dilated posterior urethra (+). D, Voiding cystoure-
throgram shows dilated prostatic urethra and obstructing valves (arrow).
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RENAL CYSTIC DISEASE

Autosomal Recessive Polycystic 
Kidney Disease

Renal cystic disease is a complex subject, with overlap-
ping classifications; this discussion summarizes the most 
common forms. Autosomal recessive polycystic kidney 
disease (ARPKD; Potter type 1) is a phenotypically vari-
able disorder with varying degrees of nonobstructing 
renal collecting duct ectasia, hepatic biliary duct ectasia, 
and fibrosis of the liver and kidneys. ARPKD in the 
kidney is characterized by dilated collecting ducts, seen 
as radially arranged, fusiform cysts that are most promi-
nent in the medullary portions of the kidney.28 This 
disease has a spectrum of severity and a reciprocal rela-
tionship with liver involvement (e.g., periportal fibrosis, 
often with proliferation and variable dilation of bile 
ducts).29,30 Severe renal involvement can be diagnosed in 
the second trimester by enlarged hyperechogenic kidneys, 

peristalsis of the bowel are seen with contrast examina-
tion of the gastrointestinal tract. The condition is fatal 
unless the patient can be maintained with total paren-
teral hyperalimentation.18

Bladder Exstrophy

Exstrophy of the bladder is a rare anomaly in which the 
pubic bones are far apart and the bladder and urethral 
mucosa are exposed. The kidneys and ureters are usually 
normal. After surgical repair, the bladder is small and 
irregularly shaped.25 There may be hydronephrosis sec-
ondary to poor bladder emptying. A bladder augmenta-
tion procedure using bowel may then be performed. The 
bladder is then more normal in size but still irregular, 
and there may be peristalsis and echogenic debris (e.g., 
mucus).

Urachal Anomalies

The fetal urachus is a tubular structure extending from 
the umbilicus to the bladder. It normally closes by birth, 
and a urachal remnant may be visible as a hypoechoic 
elliptical–shaped mass on the anterosuperior aspect of 
the bladder26 (Fig. 54-16). If it remains patent, urine 
may leak from the umbilicus. If part of the urachus 
closes, patent parts may form urachal cysts, which may 
become infected. The proximal portion of the urachus 
may remain open, producing a diverticulum-like struc-
ture from the dome of the bladder.25 These anomalies 
may be associated with prune-belly syndrome. Urachal 
abnormalities are evaluated with cystography in the 
lateral projection and with sonography. Ultrasound is 
particularly useful in demonstrating urachal cysts and 
masses near the abdominal wall, along the site of the 
urachal tract26,27 (Fig. 54-17).

FIGURE 54-16. Normal urachal remnant. A and B, Longitudinal and transverse scans demonstrate an elliptical, hypoechoic 
structure on middle of anterosuperior surface of urinary bladder (BL), often visible using high-frequency transducer.

A B

FIGURE 54-17. Urachal cyst. Midline longitudinal scan of 
the pelvis shows compression of the bladder dome (BL) by a cystic 
mass containing low-level echoes.
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by portal hypertension secondary to congenital hepatic 
fibrosis. In these children, approximately 10% of kidney 
tubules are cystic, and renal failure presents much later 
in life. The kidneys in these children are often slightly 
or moderately enlarged with echogenic pyramids that 
often contain calcium (Fig. 54-18). At IVU, the pattern 
resembles that of adult medullary sponge kidney, with 
pooling of contrast medium in the dilated collecting 
ducts. In more advanced cases the entire kidney may be 
replaced by tiny cysts.

Autosomal Dominant Polycystic 
Kidney Disease

Although more than 90% of patients with autosomal 
dominant polycystic kidney disease (ADPKD; Potter 
type 3) have a gene locus on the short arm of chromo-
some 16, and although penetrance is complete, disease 
severity varies greatly. ADPKD has been diagnosed in 
utero and in early childhood, but the typical presentation 
is between ages 30 and 40 years, at which time hyperten-
sion or azotemia is present. At the extreme end of the 
spectrum, the disease has been discovered incidentally  
in otherwise healthy persons in the seventh or eighth 

followed by oligohydramnios. In the third trimester the 
kidneys occupy almost the entire abdomen and cause it 
to enlarge. On antenatal and newborn sonography, the 
kidneys are hyperechogenic and greatly enlarged, often 
with a hypoechogenic outer rim, which probably repre-
sents the cortex compressed by the greatly expanded 
pyramids31 (Fig. 54-18). High-resolution sonography 
shows a spectrum of abnormalities, including dilated 
tubules, cysts, and hyperechoic foci.32 Intravenous urog-
raphy (IVU) outlines a little of the stagnation of urine 
that occurs within the tubules; the enlarged kidneys 
show a striated, increasingly dense nephrogram and poor 
visualization of the collecting system.33 Children with 
ARPKD generally succumb to their renal failure, and no 
clinical liver disease is noted. If they survive, the appear-
ance of the kidneys may evolve, with increasing echo-
genicity and larger cysts.34

Autosomal Recessive Polycystic 
Kidney Disease with Severe  
Hepatic Fibrosis

At the other end of the ARPKD spectrum is the teenager 
who presents with bleeding esophageal varices caused  

C
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FIGURE 54-18. Autosomal recessive polycystic kidney 
disease (ARPKD). Newborn with symmetrically enlarged 
kidneys almost filling the entire abdomen. A, Transverse scan of 
midabdomen. B, Longitudinal scan of right kidney. C, High-
resolution scan shows hyperechoic medullary region with dilated 
tubuli and hyperechoic foci. The subcapsular region is relatively 
hypoechoic, reflecting compressed cortex. Pyramids are no longer 
recognizable. S, Spine.
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Medullary Cystic Disease and 
Juvenile Nephronophthisis

Medullary cystic disease and juvenile nephronophthisis 
are morphologically indistinguishable. Both cause 
chronic renal failure in adolescents or young adults.  
At sonography, the kidneys are small, echogenic, and 
contain cysts of variable sizes at the corticomedullary 
junction and elsewhere18 (Fig. 54-21). Medullary cystic 
disease is inherited as autosomal dominant, whereas 
juvenile nephronophthisis as autosomal recessive.

Cysts

Tuberous Sclerosis and Von Hippel–
Lindau Disease

Cysts of various sizes and location occur in a variety of 
syndromes. Tuberous sclerosis is an autosomal dominant 
disease consisting of mental retardation, epilepsy, 
adenoma sebaceum, multiple ectodermal lesions, and 
mesodermal hamartomas. Renal lesions are present in 
more than 40% of patients and include cysts, which can 
be multiple and resemble adult-type polycystic kidney 
disease with renal enlargement. Angiomyolipomas can 
occur and vary in their echogenicity depending on the 
type of tissue, being extremely echogenic when contain-
ing considerable fat41 (Fig. 54-22).

In von Hippel–Lindau disease, there are cysts and an 
increased incidence of renal cell carcinoma, which is 
often bilateral.

Acquired Cysts

Patients with chronic renal failure, especially those 
receiving dialysis, often develop multiple small renal 
cysts. The kidneys usually remain small, and large cysts 

decade. About 25% of patients have a negative family 
history. ADPKD is characterized by a weakness in base-
ment membranes, likely because of a generalized defect 
in collagen formation. All parts of the nephron are 
affected, although only 5% to 10% of the nephrons  
are involved. Cysts therefore can occur anywhere and are 
usually macroscopic and of varying size35-37 (Fig. 54-19). 
The incidence of cysts in other organs depends on the 
stage and severity of the disease. About 10% of patients 
with ADPKD have hepatic cysts, and there is a much 
lower incidence of splenic, pancreatic, and pulmonary 
cysts. These patients may also have cerebral aneurysms, 
colonic diverticulosis, and cysts in the ovaries, seminal 
vesicles, and brain. Extrarenal cysts are rare in children.

Multicystic Renal Dysplasia

Multicystic dysplastic kidney (MCDK; Potter type 2) 
is the most common form of cystic disease in infants and 
is associated with an increased incidence of abnormalities 
in the contralateral kidney, including UPJ stenosis, mul-
ticystic dysplastic kidney (in which case the disease is 
fatal), primary megaureter, and vesicoureteral reflux. 
Multicystic renal dysplasia is now usually detected sono-
graphically in utero; large cysts of varying sizes are 
arranged like a bunch of grapes, and there is no recogniz-
able renal pelvis (Fig. 54-20). Ureteral obliteration causes 
renal function to diminish and then cease. When MCDK 
cysts resemble the dilated calices of severe UPJ stenosis, 
scintigraphy is useful to detect any remaining renal func-
tion. The calices in severe hydronephrosis from UPJ 
stenosis communicate, whereas MCDK cysts do not.38 
Surgery for multicystic renal dysplasia is usually not  
necessary unless the kidney is massively enlarged.25,39 
Periodic follow-up sonography shows a decrease in the 
size of the cysts as urine production stops, to the point 
that the kidney may no longer be visible.40

FIGURE 54-19. Autosomal dominant polycystic kidney disease (ADPKD) in 18-year-old. Longitudinal scans of 
right kidney (A) and left kidney (B) demonstrate cysts of varying size. The kidneys are mildly enlarged.

A B
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UTI is usually performed after the first culture has docu-
mented infection in a male or female infant or child. The 
purpose of the workup is to identify congenital anoma-
lies, obstructions, and other abnormalities that may pre-
dispose the patient to infections. Sonography of the 
urinary tract, including the kidneys and bladder, is used 
for initial screening. The lower urinary tract, the bladder, 
and the urethra are evaluated by radiographic voiding 
cystography. Cystography is performed in younger 
patients, but not routinely in older patients.18 Nuclear 
radiographic cystography or ultrasound contrast cystog-
raphy43 can be used to evaluate vesicoureteral reflux. Our 
approach is to perform a radiographic cystogram in 
males, in whom it is important to visualize the urethral 
anatomy, and in girls if abnormalities are seen at sonog-
raphy. The nuclear cystogram is associated with a lower 
radiation dose to the gonads in males. It is used in 
females with normal renal and bladder sonograms, in 
whom urethral abnormalities are rare, and for follow-up 
examinations for reflux in both males and females. If 

are rare. There is an increased incidence of formation  
of adenomas and a slightly increased incidence of  
adenocarcinoma in patients receiving long-term dialysis. 
Spontaneous hemorrhage may occur.

Renal cysts have also been reported in patients with 
liver transplant. Those at risk are at least 10 years after 
transplant and have been treated with cyclosporine and 
have impaired renal function.42

Simple cysts are much less common in children 
than adults and typically appear as a single mass arising 
from the kidney. Simple cysts are clinically important 
only because they can be associated with hematuria or 
infection.18

URINARY TRACT INFECTION

Urinary tract infection (UTI) is a common clinical 
problem in children and a common indication for renal 
sonography. The imaging workup of the child with a 

C
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FIGURE 54-20. Multicystic dysplastic kidney. A 
and B, Longitudinal and transverse sonogram of a 1-day-old 
boy followed for right-sided multicystic dysplastic kidney diag-
nosed in utero. The kidney is filled with cysts of various sizes. 
Only very thin echogenic cortex remains. C, Transverse power 
Doppler sonogram shows no major vessels in the right kidney. 
No right kidney function was seen on DTPA scan.
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Patients with reflux are often treated with a deflux 
procedure, and follow-up sonography of the bladder 
shows the deflux mounds (Fig. 54-23).

Acute Pyelonephritis

Acute pyelonephritis, or infectious interstitial nephri-
tis, is usually diagnosed by the clinical features of sudden 
fever, flank pain, and costovertebral angle tenderness, 
with microscopic evidence of urinary infection. The 
infection usually occurs as an ascending infection from 
the bladder through reflux but can occur by hematoge-
nous spread.49 The findings on sonography or excretory 
urography are usually few but include swelling of the 

abnormalities that require further investigation are 
detected on the renal sonogram or the cystogram, renal 
nuclear scintigraphy with pertechnetate (DTPA) or  
mertiatide (MAG3) can be performed. Renal nuclear 
scintigraphy with technetium-99m glucoheptonate or 
succimer (DMSA) is extremely sensitive for demonstrat-
ing focal areas of inflammation and parenchymal scars. 
Mild scars may be missed with sonography. Sonography 
with power Doppler increases the sensitivity.44 It is 
thought that mild scars are of little practical importance 
and do not alter the course of therapy; therefore the 
radiation dose of a renal cortical scan is not warranted.45-48 
The increased time and expense of Doppler sonography 
may also be unnecessary.

C
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FIGURE 54-21. Medullary cystic disease in 17-year-
old girl with hypertension. A and B, Longitudinal and 
transverse views of left kidney. C, MR image. The kidneys contain 
several cysts of various sizes. Pyramids are no longer visible. The 
contours and size of the kidneys are normal. Juvenile nephro-
nophthisis (autosomal recessive form) will have the same sono-
graphic appearance.
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a renal abscess that requires drainage. Sonography of an 
abscess shows a focal mass with a hypoechoic central area 
representing liquefied pus (Fig. 54-26). On long-term 
follow-up, focal scarring and clubbed calices may result 
from the focal infection (Figs. 54-27 and 54-28). Another 
complication that requires drainage is pyonephrosis, 
identified on sonography as echogenic material filling a 
dilated collecting system (Fig. 54-29). When patients 
with UTIs do not respond rapidly to antibiotic therapy, 
repeat sonographic and/or CT examinations are indi-
cated to search for these complications that require 
drainage.

Chronic Pyelonephritis

Chronic pyelonephritis is caused by repeated episodes of 
acute pyelonephritis and results in a small, scarred 
kidney, indicative of end-stage renal disease. The kidney 
is usually irregular in outline because of focal parenchy-
mal loss. The renal cortex becomes more echogenic than 
the liver parenchyma. The pyramids are difficult to 
outline on sonography (Fig. 54-30). These findings are 
not specific and can also be seen in chronic glomerulo-
nephritis, dysplastic kidneys, and hypertensive or isch-
emic disease.

Neonatal Candidiasis

Candida albicans is a saprophytic fungus that usually 
infects immunocompromised patients, particularly neo-
nates with indwelling catheters receiving broad-spectrum 
antibiotics. Systemic candidiasis leads to infection of 
multiple organs, including the kidneys, and neonates 
may present with anuria, oliguria, a flank mass, or hyper-
tension. Sonography may show diffuse enlargement of 
the kidney, with loss of normal architecture and presence 
of abnormal parenchymal echogenicity. Mycelial clump-
ing (fungus ball formation) may occur in the collecting 
system, causing hydronephrosis and echogenic filling 
defects (Fig. 54-31). The filling defects may obstruct the 

infected kidney, altered renal parenchymal echogenicity 
from edema,18 or triangular areas of increased echo-
genicity (Fig. 54-24). There may be thickening of the 
wall of the renal pelvis and ureter, also caused by edema 
and inflammation50 (Fig. 54-25).

Scintigraphy, computed tomography (CT), magnetic 
resonance imaging (MRI), and Doppler sonography may 
show absent or decreased perfusion in a diffuse or lobar 
distribution, especially at the upper or lower poles.18,51,52 
Pyelonephritis may involve one portion of the kidney 
more than other parts.49 Sonography may demonstrate a 
localized renal mass with altered echogenicity compared 
to the remainder of the kidney and low-level echoes that 
disrupt the corticomedullary definition of the kidney in 
that area.18 Sequential examinations will demonstrate a 
rapid change, with resolution of the mass in response to 
antibiotic therapy. If response to antibiotic therapy is 
inadequate, the mass may liquefy centrally and become 

FIGURE 54-22. Tuberous sclerosis. A, Teenager with multiple hyperechoic masses consistent with angiomyolipoma (arrows). 
B, Infant with bilaterally enlarged kidneys and multiple cysts.

A B

FIGURE 54-23. Deflux mounds. Transverse view of 
bladder demonstrates bilateral echogenic masses in posterior 
bladder wall at region of ureter insertion (arrows); U, uterus.
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poststreptococcal glomerulonephritis the kidneys are 
moderately swollen and have cellular infiltrate in the 
glomerular tufts. There may be interstitial edema, fol-
lowed by atrophy. Sonographic findings include normal 
or bilaterally enlarged kidneys, with diffuse increase in 
the echogenicity of the renal cortex (Fig. 54-33). The 
renal cortical echogenicity may be greater than that of 
the adjacent liver, and the medullary pyramids appear 
prominent, in contrast to the hyperechoic cortex. The 
echogenicity of the renal cortex decreases with regression 
of acute disease, as sonography can demonstrate, obviat-
ing the need for serial renal biopsies. The findings in 
acute glomerulonephritis are those of type I medical 
renal disease, as described by Rosenfield and Siegel,54 and 
are nonspecific, also seen in amyloidosis, nephrosclerosis, 
acute tubular necrosis (ATN), leukemia, Goodpas-
ture’s syndrome, Henoch-Schönlein purpura, sepsis, 
malakoplakia, and the nephrotic syndrome.

In chronic glomerulonephritis the kidneys are small, 
diffusely hyperechogenic, and show loss of corticome-
dullary differentiation. These findings are also nonspe-
cific and identical to those of end-stage renal disease of 
any cause.18

Elevated Renal Rind

Bilateral perirenal hyperechoic bands several millimeters 
thick, surrounding a thin hypoechoic rim of fluid, have 
been described during the acute phase of illness (Fig. 
54-34). It is believed that the changes are likely secondary 
to systemic inflammatory mediators with fluid leakage 
into the perirenal tissues. The patients were in shock, and 
the finding resolved in those who survived.55

Nephrocalcinosis

Causes of the deposition of calcium within the kidney 
in childhood include hypervitaminosis D, milk alkali 

collecting system and require drainage procedures (e.g., 
nephrostomy).53

Cystitis

Inflammation of the urinary bladder may occur in chil-
dren as a result of infection or drug therapy, as with 
cyclophosphamide (Cytoxan). The bladder wall becomes 
thickened (>3 mm) and irregular. Echogenic debris or 
blood clot may be seen in the urine27 (Fig. 54-32). Rarely 
an inflammatory pseudotumor may result, with visual-
ization of a bladder mass.

MEDICAL RENAL DISEASE

Glomerulonephritis

The glomerulonephritides include lesions resulting from 
glomerular reaction to immunologic injury. In acute 

FIGURE 54-24. Acute pyelonephritis in 1-year-old boy. A, Sagittal sonogram of the right kidney shows a swollen upper 
pole (arrows). B, On power Doppler sonography, this area is devoid of flow signals.
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FIGURE 54-25. Thickening of renal pelvis wall. 
Edema of the wall of the renal pelvis and ureter can occur with 
inflammation or reflux. The wall (arrow) is thickened with 
medium-level echoes less than the adjacent sinus fat.
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FIGURE 54-26. Renal abscess. A and B, Longitudinal scans demonstrates a localized renal mass (arrows) and destruction of 
the cortical medullary definition by an area of focal bacterial nephritis. C, Power Doppler image shows decreased flow and anechoic fluid 
area (arrow).

C
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FIGURE 54-27. Focal renal scar. Longitudinal image shows 
focal thinning of renal parenchyma (arrows) of the lower pole.
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FIGURE 54-28. Diffuse parenchymal loss. Patient with prior infection. Left kidney is small (7.1 cm) compared with normal 
right kidney (9.2 cm).

FIGURE 54-29. Pyonephrosis. Bilateral hydronephrosis in an infant with prune-belly syndrome. Sagittal sonograms of the right 
kidney (A) and the left kidney (B and C) show bilateral hydronephrosis and hydroureter. Urine contains low-level echoes.
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FIGURE 54-30. Chronic pyelonephritis. Longitudinal scan 
of right kidney and liver shows small hyperechoic kidney with poor 
corticomedullary differentiation (between cursors).

FIGURE 54-31. Neonatal candidiasis. A, Longitudinal scan of the right kidney shows hydronephrosis with echogenic filling 
defects (arrows) representing fungus ball formation. B, Nephrostomy was performed under ultrasound guidance to drain obstructed system.
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FIGURE 54-32. Cystitis in patient receiving cyclo-
phosphamide. Longitudinal scan of pelvis shows thick-walled 
bladder and echogenic debris and blood clot in urine.

FIGURE 54-33. Acute glomerulonephritis. Longitudi-
nal scan of right kidney demonstrates renal enlargement with 
diffuse increase in renal cortical echogenicity greater than adjacent 
liver (L).
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Sonography is more sensitive than radiography in 
detecting calcium deposits within the kidney. Four pat-
terns of calcium deposition within the kidney show the 
progression from nephrocalcinosis to formation of mac-
roscopic plaques of calcium near the calyx57 (Fig. 54-35). 
These later perforate into the calyx and form a ureteral 
stone. Any form of urinary stasis predisposes not only  
to infection, but also to calcium formation.18 Thus the 
tubular ectasia encountered in medullary sponge kidney 
and also in autosomal recessive polycystic kidney disease 
associated with congenital hepatic fibrosis often shows 
deposits of calcium, once again in the pyramids, at the 
site of the dilated tubules. Similarly, milk of calcium may 
deposit in caliceal diverticula or in UPJ obstruction58 
(Fig. 54-36). Staghorn calculi occur occasionally in 
children with obstruction and infection (Fig. 54-37).

The finely branching calcifications within the cortex 
and medulla of the kidney found after renal vein throm-
bosis are actually calcified microthrombi in the intra-
renal veins.59 Chronic infections, such as mycoses and 
tuberculosis, tumors, and tubular or papillary necrosis 
or infection cause dystrophic calcification at the renal site 
affected.60

RENAL TRAUMA

Because the child’s kidneys are relatively larger and less 
protected than the adult’s, the kidneys are frequently 
affected when the abdomen is injured. Preexisting and 
often clinically silent renal abnormalities such as hydro-
nephrosis may make the kidney more susceptible to 
injury by minor trauma. Renal trauma is often associated 
with other organ injury, particularly of the liver and 
spleen. CT has become the primary imaging modality 
for suspected multiorgan blunt abdominal trauma in the 

syndrome, renal tubular acidosis, hyperparathyroidism, 
hyperoxaluria, sarcoidosis, Cushing’s syndrome, Wil-
liams’ syndrome, and chronic treatment with furosemide 
(in premature infants). In these conditions an increased 
load of calcium is presented to the kidney. The mineral 
content within the kidney increases progressively from 
the glomerulus to the collecting ducts, and thus the 
greatest concentration of calcium is found in the pyra-
mids, especially at their tips. Randall, Anderson, and 
Carr described calcareous deposits at the tips or sides of 
pyramids at microscopy in normal pediatric and adult 
cadaver kidneys. Bruwer56 outlined identical deposits in 
cadaver kidney slices using high-resolution radiography. 
These authors postulate that the concentration of calcium 
is high in fluids about the renal tubules, and that calcium 
is normally removed from this area by lymphatic flow. 
If the calcium load exceeds the lymphatic capacity, 
microscopic calcium aggregates occur in the medulla, 
mainly at the tips of the fornix and at the margins. They 
may fuse to form plaque (e.g., Randall’s) and migrate 
toward the caliceal epithelium, finally perforating it. A 
nidus for urinary stones is provided. Bruwer termed this 
process the “Anderson-Carr-Randall progression” of cal-
culus formation.

FIGURE 54-34. Renal rind. A, Longitudinal scan of left kidney. B, Transverse scan of right kidney. Hypoechoic rim of fluid is seen 
surrounding the kidney. Changes are likely secondary to systemic inflammation, with fluid leaking into the perirenal tissues.
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CAUSES OF NEPHROCALCINOSIS

Hypervitaminosis D
Milk alkali syndrome
Renal tubular acidosis
Hyperparathyroidism
Hyperoxaluria
Sarcoidosis
Cushing’s syndrome
Williams’ syndrome
Chronic treatment with furosemide (Lasix)
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FIGURE 54-35. Nephrocalcinosis. A, Diagram of four sonographic patterns of renal medullary calcium deposition. Patterns A, 
B, and C represent increasing stages of calcium deposition beginning in the periphery of the renal pyramids. Pattern D shows stone 
formation at fornices. B, Nephrocalcinosis (type B) in a boy with renal tubular acidosis. Calcium deposits are at the periphery of the 
pyramids. C, Type C pattern in a 7-month-old boy with glycogenosis. Sonogram of the right kidney shows pyramids virtually completely 
filled with calcium deposits. D, Pattern D. Sonogram of right kidney shows hyperechoic foci with acoustic shadows in the tips of the pyra-
mids (fornices), suggesting presence of calcium. E, A small renal stone at edge of calyx (arrow). F, Color Doppler shows “twinkle” phe-
nomenon. G, Longitudinal sonogram shows a stone impacted in dilated distal right ureter (arrow). (A from Patriquin H, Robitaille P. 
Renal calcium deposition in children: sonographic demonstration of the Anderson-Carr progression. AJR Am J Roentgenol 1986;146: 
1253-1256.)
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RENAL AND ADRENAL TUMORS

The most common abdominal masses in the child are of 
renal origin: hydronephrosis and multicystic renal dys-
plasia (MCDK).19 Solid tumors are less common. Initial 
imaging includes sonography and often a plain film of 
the abdomen. The site of origin of the mass, its archi-
tecture (cystic or solid), and vascularization can usually 
be outlined with sonography. Metastases and tumoral 
invasion of the renal vein or inferior vena cava are sought 
during the sonographic survey of the abdomen. If the 
mass is cystic and arises from the kidney, the most likely 
differential diagnosis is between a hydronephrotic kidney 
and MCDK. The configuration of the cysts on sonogra-
phy and presence of function on nuclear renogram help 
distinguish these two entities. If the mass is solid and 

pediatric patient.61 Ultrasound is used primarily in the 
follow-up of the injuries found on CT.62 Sonography in 
renal trauma shows distortion of the normal renal archi-
tecture (Fig. 54-38). Renal hematoma can vary but is 
usually echogenic at first and becomes hypoechoic as it 
liquefies. Extravasation of urine may occur around the 
kidney, which can be difficult to distinguish from 
hypoechoic blood. Injuries to the vascular renal pedicle 
are uncommon but constitute a surgical emergency. 
Doppler sonography can demonstrate both arterial and 
venous patency. Absent flow signals in part of or all the 
kidney—when signals are detected elsewhere in the 
abdomen—herald arterial obstruction. The sonographic 
gray-scale appearance of the kidney acutely deprived  
of its arterial blood supply is normal. Power Doppler 
ultrasound can increase sensitivity in detecting areas of 
decreased perfusion and hemorrhage.

FIGURE 54-36. Urinary calculi. A, Supine longitudinal scan, and B, transverse sonogram, show urine–milk of calcium levels in 
dependent part of dilated calices. The milk of calcium moved with change in patient position.
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FIGURE 54-37. Staghorn calculi. A, Teenager with chronic hydronephrosis and multiple echogenic foci in dilated calices. 
B, Color Doppler demonstrates ringdown artifact.

A B



1872  PART V ■ Pediatric Sonography

Wilms’ Tumor

Wilms’ tumor, or nephroblastoma, is the most common 
intra-abdominal malignant tumor to occur in the child. 
Its incidence peaks between 2 and 5 years of age.64 When 
large, it may be difficult to differentiate from neuroblas-
toma, which frequently arises from the adrenal gland and 
occurs in a similar age group. Wilms’ tumor is usually 
bulky and expands within the renal parenchyma, result-
ing in distortion and displacement of the collecting 
system and capsule. It is usually sharply marginated.18 
Typically, a large solid mass distorting the sinus, pyra-
mids, cortex, and contour of the kidney is outlined with 
sonography (Fig. 54-39). Although usually quite hyper-
echoic and homogeneous, there may be hypoechoic  
areas that represent hemorrhage and necrosis.65,66 Power 
Doppler and contrast ultrasound will show decreased 
perfusion. From 5% to 10% of patients have bilateral 

related to the kidney, Wilms’ tumor is the most likely 
diagnosis. Staging of the tumor is usually done with CT 
or MRI. If the kidney is normal and the mass is related 
to another organ, the work-up continues with imaging 
that is optimal for that organ. Several types of renal 
tumors occur in the pediatric patient.18,63

FIGURE 54-38. Renal trauma. A, Longitudinal scan shows heterogeneous echogenicity in the lower pole area of injury (arrows). 
B, Power Doppler image shows decreased flow in the area of injury (arrow). C, Bladder contains echogenic clot. D, Lower pole has 
parenchymal atrophy 2 months later.
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MALFORMATIONS ASSOCIATED WITH 
WILMS’ TUMOR

Congenital hemihypertrophy
Beckwith-Wiedemann syndrome
Sporadic aniridia
Neurofibromatosis
Cerebral gigantism
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or the sympathetic nervous chain. Its extrarenal origin 
displaces and compresses the kidney without otherwise 
distorting the internal renal architecture. Neuroblastoma 
spreads early and widely, so the majority of patients have 
metastases at presentation. Its spread around the aorta 
and celiac and superior mesenteric arteries occurs early 
and helps to distinguish neuroblastoma from Wilms’ 
tumor at sonography. Wilms’ tumor is usually well 
defined and relatively homogeneous, whereas neuroblas-
toma is poorly defined and heterogeneous, with irregular 
hyperechogenic areas caused by calcifications70,71 (Fig. 
54-40). Syndromes associated with neuroblastoma 
include Beckwith-Wiedemann syndrome, Klippel-Feil 
syndrome, fetal alcohol and phenylhydantoin syndromes, 
and Hirschsprung’s disease. Sonography is followed by 
CT or MRI for staging of the disease. MRI is particularly 
useful because the tumor can extend into the spinal canal 
and cause neurologic symptoms. It is critical to know if 
this extension has occurred before the tumor is surgically 
removed because the child may develop neurologic 
symptoms postoperatively if the tumor is not carefully 
resected.

Mesoblastic Nephroma

Mesoblastic nephroma or fetal renal hamartoma (con-
genital Wilms’ tumor) is the most common neonatal 

tumors, and nephroblastomatosis may be present in both 
kidneys in children with unilateral Wilms’ tumors.67 
Specific malformations associated with Wilms’ tumors 
and nephrogenic rests include congenital hemihypertro-
phy, Beckwith-Wiedemann syndrome, sporadic aniridia, 
neurofibromatosis, and cerebral gigantism.64

Wilms’ tumor spreads through direct extension into 
the renal sinus and peripelvic soft tissues, the lymph 
nodes in the renal hilum, and the para-aortic areas. 
Because extension is possible into the renal vein, inferior 
vena cava, right atrium, and liver, these areas should also 
be examined for the presence of tumor (Fig. 54-39, C ). 
Color and spectral Doppler sonography is useful in 
detecting residual flow around a tumor clot, as well as 
tumor arterial signals both from the periphery of  
the tumor68 and from within the tumor thrombus. The 
opposite kidney should be carefully examined for the 
presence of bilateral tumor. CT and MRI are usually 
performed for further work-up and staging. CT is often 
favored because the chest can also be evaluated for metas-
tases,69 which most frequently involve the lungs.

Neuroblastoma

The second most common abdominal tumor of child-
hood, occurring mainly between ages 2 months and 2 
years, is neuroblastoma. It arises from the adrenal gland 
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FIGURE 54-39. Wilms’ tumor. A, Longitudinal scan 
demonstrates large echogenic solid mass (arrows) within the 
lower pole of the kidney. B, Color Doppler image shows tumor 
less vascular than normal upper-pole renal parenchyma. C, Lon-
gitudinal view of inferior vena cava is clear of tumor thrombus.
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renal neoplasm in the first few months of life and is 
sometimes detected in the fetus. It is a benign tumor but 
can spread by local invasion and is usually treated by 
simple nephrectomy. Sonography demonstrates a mass 
arising within the kidney, appearing similar to a Wilms’ 
tumor. The tumor is solid but may have cystic-appearing 
areas of hemorrhage and necrosis (Fig. 54-41). The 
young age of the patient, the tumor’s benign biologic 
behavior, and its more favorable outcome help to  
differentiate mesoblastic nephroma from the classic 
Wilms’ tumor.72

Renal Cell Carcinoma

Renal cell carcinoma, rare in childhood, occurs later 
(mean age 12 years) than Wilms’ tumor. Its presentation 
and sonographic appearance are similar to those in 
adults.

FIGURE 54-40. Neuroblastoma. A and B, Longitudinal scans of the right upper abdomen demonstrate inhomogeneously solid 
mass with focal areas of calcification (arrows) and shadowing. C, Color Doppler ultrasound. The aorta is displaced arteriorly by the mass.
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FIGURE 54-41. Mesoblastic nephroma. Infant with a 
large abdominal mass. Tumor is mixed in echogenicity without 
calcifications.
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this rare tumor typically occurs in the uterus or vagina. 
Polyps can occur in the urethra.27Angiomyolipoma

Angiomyolipoma is a form of hamartoma that can cause 
symptoms related to hemorrhage and rupture. In chil-
dren, these tumors are usually multiple and are associ-
ated with tuberous sclerosis.41 Sonography typically 
shows multiple masses of varying echogenicity and, 
because of the fat content, some masses may be hyper-
echogenic (see Fig. 54-22, A). There may be associated 
cysts within the kidney, and the kidneys may be enlarged.

Multilocular Renal Cyst

Also called a cystic nephroma, the multilocular renal 
cyst is a rare lesion that is generally considered benign. 
It can occur at any age but is uncommon in children 
younger than 2 years. The mass is composed of multiple 
cysts of varying size joined by connective tissue septa.  
It may be difficult to distinguish from cystic, well-
differentiated Wilms’ tumor, with nephroblastoma com-
ponents in the walls of the cysts. Sonography demonstrates 
a well-circumscribed, multiloculated cystic mass with 
septations. Some suggest a malignant potential for these 
lesions and recommend nephrectomy.63,73

Renal Lymphoma

Lymphomatous involvement of the kidney is usually a 
secondary process and can be seen on sonography as 
single or multiple, relatively hypoechoic or weakly echo-
genic masses within the kidney. The kidney may be 
enlarged and lobulated in outline. Diffuse infiltration of 
the kidney can also occur74,75 (Fig. 54-42).

Bladder Tumors

Primary tumors of the lower urinary tract are uncom-
mon in children. Sarcoma botryoides is a rhabdomyo-
sarcoma arising in the bladder base in males, presenting 
with bladder outlet obstruction (Fig. 54-43). In girls, 

FIGURE 54-42. Renal lymphoma. Longitudinal scans of right kidney (A) and left kidneys (B) demonstrate bilateral renal enlarge-
ment with thickened cortex and increased echogenicity.
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DOPPLER OPTIMIZATION FOR  
SLOW FLOW

Highest transducer frequency
Restriction of color area of interest
Low pulse repetition frequency (PRF)
Aliasing corrected by increasing PRF
Small sample volume
Lowest vessel/beam angle

DOPPLER ASSESSMENT OF RENAL 
VASCULAR DISEASE IN CHILDREN

Kidney Examination Technique

Infants and small children are examined without special 
preparation, but they may be given juice or milk to drink 
during the examination to calm them, to increase hydra-
tion, and to provide an acoustic window through the 
fluid-filled stomach. Sedation is rarely necessary. The 
older child is examined after a 4- to 6-hour fast (to 
reduce intestinal gas) only if a detailed examination  
of the main renal artery is planned. Color and pulsed 
Doppler examinations are performed. Power Doppler 
may also be useful to evaluate the presence of vascular 
flow. Doppler settings are adjusted for maximal detec-
tion of slow flow: highest possible transducer frequency, 
relatively small color area of interest, low pulse repetition 
frequency, and low wall filter. Pulse repetition frequency 
is augmented if aliasing occurs. A small sample volume 
and the lowest possible vessel/beam angle are used.

The aorta and main renal arteries are examined by 
means of an anterior left paramedian as well as a left 
axillary approach, with longitudinal and transverse  
views. The color Doppler mode is used to trace the renal 
arteries, which are then examined with serial pulsed 
Doppler samples, especially in areas of high-velocity 
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of the normal kidney, or tracings one day to the next of 
the pathologic kidney.

Pulsed Doppler tracings from the normal intrarenal 
and main renal veins are somewhat variable: in some 
children the pulsations from right atrial diastole and 
systole are clearly visible, whereas in others the flow is 
steadier (Fig. 54-44). To-and-fro venous flow through-
out the cardiac cycle may be seen in right-sided heart 
failure or in the absence of arterial perfusion of end-stage 
renal disease.

Causes of Increased Resistance to 
Intrarenal Arterial Flow

Any increase in intrarenal arterial pressure results in 
decreased flow. Diastolic flow occurs at the lowest pres-
sure during the cardiac cycle, so it will decrease or disap-
pear before systolic Doppler flow curves are affected 
appreciably. The causes of increased intrarenal resistance 
to flow can be classified as intravascular, perivascular, 
and perirenal (Fig. 54-45). Any decrease in the size of 
the lumen of small intrarenal arteries or arterioles (spasm, 
as in shock; endothelial inflammation, as in hemolytic 
uremic syndrome) leads to increased resistance to arterial 
inflow. However, compression of small vessels by intra-
renal edema (e.g., renal vein thrombosis) may result in 
identical arterial Doppler tracings. Back pressure from 
an acutely obstructed ureter has the same result. Finally, 
significant compression from hematomas, lymphangio-
mas, or the tight abdominal wall around an adult kidney 
transplanted into a small child may have the same effect.

The successful Doppler examination of intrarenal 
arteries therefore comprises the following two steps:
1. Comparing the RI either to the other side or to a 

previous examination.
2. Reviewing the pertinent pathophysiologic factors 

involved in a patient with high RI.

flow. Even if the entire renal artery cannot be outlined 
because of overlying intestinal gas, the retrocaval portion 
of the right renal artery and the hilar arteries can usually 
be analyzed. A segmental or interlobar artery in each 
third of the kidney (upper, middle, and lower) is then 
studied with pulsed Doppler, and the resistive index 
(Pourcelot) or pulsatility index is calculated.

Normal Vascular Anatomy and  
Flow Patterns

The intrarenal arteries and veins and their relationship 
to the renal cortex, pyramids, and calices are exception-
ally well outlined with color Doppler technology.76 The 
main renal artery(ies) divides in the renal hilum to form 
several pairs (anterior and posterior) of segmental arter-
ies. These course toward the pyramids and there divide 
into interlobar branches, which follow the periphery of 
the pyramids. At the outer edge of the pyramids, inter-
lobar arteries give rise to arcuate arteries, which follow 
the outer contour of the pyramids. Cortical arteries arise 
from the arcuate arteries and radiate into the cortex, fol-
lowing a direction similar to that of interlobar vessels. 
The venous circulation follows that of the arteries, and 
simultaneous adjacent signals are often visible both with 
color Doppler sonography and on spectral analysis (Fig. 
54-44).

The renal arterial bed normally has low resistance, and 
there is a constant flow into the kidney throughout the 
cardiac cycle. The normal adult resistive index (RI) is 
estimated at 0.65 ± 0.10. In the neonatal period, prob-
ably concurrent with the physiologic low glomerular 
filtration rate, the resistance of the renal arterial bed is 
somewhat higher: RI = 0.7 to 0.8. Because there is a 
range of normal RI values, the diagnosis of abnormal 
intrarenal resistance is much more reliably made by com-
paring waveforms from the pathologic kidney to those 

FIGURE 54-43. Bladder rhabdomyosarcoma. A and B, Longitudinal and transverse scans of the pelvis demonstrate large, 
heterogeneous mass filling the pelvis. Bladder (BL) is compressed anteriorly.

A B
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Clinical Applications

Vessel Patency

The Doppler examination is a reliable indicator of the 
patency of the renal arteries, of the veins, and of the 
presence of intrarenal perfusion. Therefore the examina-
tion is particularly useful in the evaluation of allograft 
perfusion immediately after surgery. It is also useful in 
the exclusion of arterial injury after trauma, especially 
when the renal architecture is sonographically normal 
and other, more invasive examinations are not indicated. 
Color Doppler sonography is especially valuable in the 
search for postbiopsy arteriovenous (AV) fistulas and 
aneurysms.77

Acute Renal Vein Thrombosis

Acute renal vein thrombosis may follow shock or occur 
after the nephrotic syndrome, in abnormal coagulation, 

FIGURE 54-44. Normal intrarenal circulation. A, Color Doppler sonogram of an infant shows the position of intrarenal vessels 
at the hilum (segmental) alongside the pyramids (interlobar) and at the inner edge of the cortex (arcuate). B, Spectral display from a 
normal segmented artery (parabolic, low resistance, allowing high diastolic flow) and vein (triphasic flow reflecting right atrial pulsations). 
C, Power Doppler ultrasound with increased sensitivity demonstrates flow in the renal cortex to the periphery.

C
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CAUSES OF INCREASED RESISTIVE 
INDEX IN RENAL ARTERIES

INTRAVASCULAR
Vascular spasm in shock
Endothelial inflammation in hemolytic uremic 

syndrome

PERIVASCULAR
Intrarenal edema
Renal vein thrombosis
Acutely obstructed ureter

PERIRENAL COMPRESSION
Hematoma
Lymphangioma
Tight abdominal wall
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Doppler sonography has shown decreased or absent 
flow in the renal veins, as well as a significantly increased 
RI in the involved renal arteries. This decreased renal 
arterial diastolic flow is caused by edema and obstruction 
to outflow of arterial blood entering the kidney. In 
babies these signs are much less reliable because flow is 
rapidly reestablished in the main renal vein, as well as 
within intrarenal veins. Diastolic flow, although affected 
in the early stages of the process, is rapidly reestablished 
to 80% or 90% of that of the opposite kidney. There 
appears to be an increased number of collateral veins 
around the hilum of the kidney and around the vertebral 
column (see Fig. 54-46). This reestablishment of venous 
flow occurs not only in native kidneys but also in renal 
transplants, although the process takes much longer, up 
to 3 weeks in the transplanted kidney.78,79

FIGURE 54-45. Causes of increased resistance to 
intrarenal arterial flow. Diagram of intrarenal circulation.

CAUSES OF ACUTE RENAL VEIN 
THROMBOSIS

Shock
Nephrotic syndrome
Coagulopathy
Adjacent tumors (e.g., Wilms’ tumor)
Neonatal dehydration, especially infants of diabetic 

mothers

or in the presence of a nearby malignant mass, such as 
Wilms’ tumor. In the neonate, thrombosis is usually 
associated with dehydration, decreased renal perfusion 
and oxygenation, and polycythemia. It is more prevalent 
in infants of diabetic mothers. The clinical presentation 
includes hematuria, palpable flank mass, proteinuria, 
and decreased renal function. Sonography typically 
shows an enlarged kidney with altered parenchymal 
echogenicity (Figs. 54-46 and 54-47). The normal cor-
ticomedullary differentiation is obliterated. Patchy areas 
of decreased and increased echogenicity are secondary to 
edema and parenchymal hemorrhage.78 Sonography may 
demonstrate echogenic thrombus within the renal vein 
and inferior vena cava. Thrombi start in small venules 
and propagate toward the hilum, so renal parenchymal 
abnormalities are often present without clear visualiza-
tion of a thrombus. (In the renal allograft, thrombosis 
usually starts at the anastomosis.)

SIGNS OF RENAL ARTERY STENOSIS

Increased resistance to flow proximally
Decreased or absent diastolic or even systolic flow
High velocity at the site of narrowing (>180 cm/

sec)
Turbulence immediately distally
Downstream circulation showing parvus-tardus 

curve

CAUSES OF RENAL ARTERY STENOSIS

Fibromuscular hyperplasia
Neurofibromatosis
Radiation arteritis
Coarctation of the aorta
Takayasu’s disease

Renal Artery Stenosis

Renovascular disease accounts for up to 10% of cases of 
hypertension in children. Many cases are associated with 
established disorders including vasculitides (Takayasu’s 
disease, moyamoya), syndromes (Turner, Marfan,  
Williams, Klippel-Trenaunay-Weber, midaortic), neu-
rofibromatosis and previous renal artery surgery. Hyper-
tensive children without these comorbid conditions 
often have single, focal branch artery stenoses.80

Sonography of the abdominal aorta and of renal size 
and architecture is useful to exclude global nephropathy, 
mass, or focal scarring. Doppler ultrasound is not rou-
tinely performed because the small renal arteries are not 
seen sonographically, and Doppler is not highly sensitive 
for detecting renal vascular disease in these children with 
small branch vessel stenosis. Detailed examination of the 
renal arteries with angiography may be performed to 
detect renovascular disease.
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FIGURE 54-46. Renal vein thrombosis. A, Coronal sonograms of the right renal hilum in a 12-day-old infant show a calcified 
thrombus dilating the renal vein, with color Doppler signals around the clot. B, Prone coronal sonograms of the normal left (lt) and 
thrombosed right (rt) kidneys showing arterial and venous flow signals in both kidneys. There is venous flow around the renal vein clot 
at the right hilum. C, Left renal vein thrombosis in a 1-year-old infant on prone sonogram. Note tiny calcifications, mainly in the medulla, 
and numerous collateral renal veins at the hilum and near the spine.

A B C

C
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FIGURE 54-47. Renal vein thrombosis. A, Infant with 
enlarged heterogeneous right kidney. B, Color Doppler sono-
gram shows decreased flow throughout kidney. C, Duplex 
Doppler sonogram of renal artery shows reversal of flow in dias-
tole caused by edema and obstruction to outflow of arterial blood 
entering the kidney.
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No reliable distinguishing test exists, so the Doppler 
examinations in this field are being watched with  
interest, especially in pediatric urology. Acute ureteral 
obstruction causes immediate intrarenal vasodilation, 
followed several hours later by vasoconstriction. During 
days or weeks, this vasoconstriction lessens because  
pressure is relieved by forniceal rupture or because of 
hormone-mediated adaptation.84 The effect of acute 
vasoconstriction has been shown on angiography in 
animals in which ureteral ligation was followed by 
absence of arteriolar filling after injection of contrast 
material into the renal artery.85 Platt et al.86 showed 
decreased diastolic flow, reflecting increased arterial 
resistance, on Doppler sonography in adults with acute 
ureteral obstruction. The RI measurements are best com-
pared to the patient’s own norm: the normal kidney in 
unilateral disease (see Fig. 54-45) or a preoperative base-
line examination in the case of a single kidney or a renal 
allograft. Garcia-Pena et al.87 showed that the RI in the 
obstructed kidney of children exceeds that from the 
healthy kidney by 0.08 or more. Increased resistance 
appears to be detectable only in the acutely obstructed 
kidney. In an ongoing study of 110 children with uni-
lateral urinary obstruction, we have found no significant 
alterations in RI from chronically obstructed kidneys, 
such as in utero–detected UPJ stenosis.

Ureteral Jets

Visible at both urography and vesical sonography, ure-
teric jets are easily perceptible with Doppler imaging.88 
The jet is measured within the bladder, near the uretero-
vesical junction, in transverse section. It has a near-
vertical upsweep, a short peak, and a rapid downsweep. 
In partial ureteral obstruction, the normal jet is replaced 
by a slow, almost constant dribble of urine entering the 
bladder (Fig. 54-50). However, abnormally located ure-
teral orifices can be outlined with this method, because 
the more lateral the orifice, the greater the probability  
of vesicoureteral reflux. Doppler sonography of ureteric 
jets is reportedly sensitive enough to use for monitoring 
treatment of reflux.88

Renal Transplantation

Common causes of malfunction of a renal allograft soon 
after surgery include dehydration; obstruction of the 
renal artery, vein, or ureter; ATN; acute rejection; cyclo-
sporine toxicity; and infection (pyelonephritis). Sonog-
raphy is the screening examination of choice in the 
search for anatomic abnormalities. The hemodynamic 
information obtained with Doppler is useful in several 
ways. The Doppler examination is a reliable indicator  
of the patency of the newly anastomosed renal artery and 
vein and the flow in the intrarenal (segmental, interlobar, 
arcuate) arteries and veins,89 as well as into postbiopsy 
AV shunts.90 The renal artery and its anastomosis to the 

The classic signs of stenosis include increased resis-
tance to flow proximally (decreased or absent diastolic 
or even systolic flow), high velocity at the site of narrow-
ing (>180 cm/sec), turbulence immediately distally, and 
flow possibly returning to normal at some distance from 
the stenosis. The following renal arterial Doppler criteria 
have been found to suggest significant stenosis81:
1. Flow velocity measurements exceeding 180 cm/sec
2. Velocity ratio between renal artery and abdominal 

aorta greater than 3.5:1.
In addition, the effects of severe arterial stenosis on 

the downstream circulation can be used to diagnose ste-
nosis. These downstream effects, caused by a loss of 
kinetic energy and the normal high elastic recoil of renal 
arteries, include the following81,82:
• Decreased flow velocity
• Dampened systolic wave
• Slowed acceleration of systolic upstroke

Because the intrarenal arteries are almost always acces-
sible to Doppler interrogation, the secondary effects of 
severe (>75%) renal arterial stenosis may well be reflected 
here81,82 (Fig. 54-48). Doppler curves return to normal 
immediately after repair of stenosis. It must be remem-
bered that the parvus-tardus curve (described in the 
downstream circulation) reflects any stenosis occurring 
upstream, including Takayasu’s disease or coarctation of 
the aorta.

Intrarenal Arterial Disease

The hemolytic uremic syndrome (HUS), consisting 
of anemia, thrombocytopenia, and acute renal failure 
(ARF), usually follows gastroenteritis, especially Esche-
richia coli 0157:H7 infection and its resultant toxins. 
HUS is a major cause of ARF in children and leads to 
multiple glomerular thrombi and vasculitis affecting 
arterioles in the kidney. These lesions cause increased 
resistance to arterial flow into the kidney. At sonography, 
the renal cortex is uniformly hyperechogenic, and the 
pyramids are sharply demarcated (Fig. 54-49). The 
kidneys may greatly enlarge. During a study of 20 chil-
dren with HUS, we found that during the phase of 
anuria, there was no diastolic flow.83 As the acute vascu-
lar lesions healed, diastolic flow returned, followed by 
diuresis within 24 to 48 hours. Because the Doppler 
examinations predicted the onset of diuresis, the dura-
tion of peritoneal dialysis was kept to a minimum, thus 
reducing the risk of complications.

Hydronephrosis

Not all dilated renal collecting systems in children are 
obstructed, and an acutely obstructed ureter can go into 
spasm and not dilate at all. DTPA-furosemide scintigra-
phy and the Whitaker test are being used to distinguish 
dilated from truly obstructed ureters, with incomplete 
success.
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FIGURE 54-48. Renal artery stenosis. A, Fibromuscular dysplasia 
with severe renal artery stenosis confirmed by arteriography. Segmental artery 
pulsed Doppler tracings of a 6-year-old hypertensive boy (blood pressure, 
180/110 mm Hg). There is a diagonal upsweep and a dampened systolic wave. 
B, Same patient 48 hours after surgical repair of the stenosis; the waveform has 
returned to normal. C, Posttransplantation renal artery stenosis with high-
velocity flow at the iliorenal anastomosis in 13-year-old boy 3 months after 
renal transplantation. Sagittal color Doppler image of the graft shows high-
velocity (yellow) turbulent flow (Doppler cursor). The spectral display shows 
velocity of 280 cm/sec (angle 60 degrees). (From Patriquin HB, Lafortune M, 
Jequier JC, et al. Stenosis of the renal artery: assessment of slowed systole in the 
downstream circulation with Doppler sonography. Radiology 1992;184:479- 
485.)
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the production of inflammatory cells that in turn cause 
cellular infiltration of the cortex, edema of the intersti-
tium, and ATN. Inflammatory cells are found within 
interlobular capillaries, venules, and lymphatics, but 
arterioles and glomeruli are usually spared. Interstitial 
rejection resembles tubulointerstitial nephritis histo-
logically. Vessel lumina are not reduced in caliber, and 
thus renal impedance and diastolic flow are not primarily 
affected. In the vascular type of rejection, activated B 
cells produce antigraft antibodies directed against the 
endothelium of arterioles and capillaries. The result is 
swelling and inflammation of the endothelium, which 
leads to vessel wall damage. Stasis of blood flow is greatly 
increased, which leads to decreased, absent, or reversed 
diastolic flow.91

Posttransplant Resistance

Timing of Rejection Acute rejection occurs mainly 
between posttransplantation weeks 3 and 12 but may 

iliac artery are usually seen with real-time and Doppler 
ultrasound; the detection of renal artery stenosis in a 
graft is much easier than in the native kidney (Fig. 
54-51). The renal artery is traced from the hilum to 
the iliac artery. The Doppler pattern changes from pan-
diastolic flow in the renal artery to the typical high-
resistance pattern with reversed early diastolic flow in  
the iliac artery distal to the graft. Stenosis is signaled by 
a zone of high-frequency Doppler shift. The flow pattern 
beyond the stenosis and within the kidney may be 
normal or may show a pulsus parvus-tardus waveform.

Rejection of the Renal Allograft

Histocompatibility difference between donor and recipi-
ent (unless they are monozygotic twins) leads to rejection 
of the renal allograft. The two types of rejection are 
interstitial or cellular, mediated by T cells, and vascular 
or humoral, mediated by B cells. In the interstitial type 
of rejection, T cells activated by graft antigens stimulate 

FIGURE 54-49. Hemolytic uremic syndrome in 2-year-old girl. A, Color Doppler ultrasound shows patent segmental 
and interlobar artery (red) outlined against the side of a pyramid, well seen because of the intensely hyperechoic cortex. B, Spectral Doppler 
display from a segmental artery during the anuric phase. Day 1 (top): systole is very short; there is no diastolic flow; the resistive index is 
therefore 1.0. Day 3 (bottom): systole has lengthened and there is some diastolic flow. C and D, Spectral Doppler ultrasound, day 6: 
diastolic flow is much improved even though end diastolic flow is not yet normal.
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FIGURE 54-50. Ureteral jets. Transverse sonograms of the bladder base in 8-year-old boy. A, Color Doppler sonogram aids in 
locating jet. B, Normal bell-curve jet from the normal right ureter. C, Bottom: Constant Doppler signal from the dilated obstructed left 
ureter. Urine appears to be reaching the bladder in a more or less constant dribble. (From Patriquin HB, Paltiel H: Pediatric radiology 
categorical course syllabus. 1989, Radiological Society of North America.)
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recur later. Because T or B cells must be stimulated, the 
rejection response usually takes a week or more to occur. 
Hyperacute rejection occurs during or within hours of 
transplantation from antibodies against the graft tissue 
already present in the host. Hyperacute rejections are rare 
with modern assays for presensitization. Accelerated 
rejection occurs on days 1 through 7 in poorly matched 
living donor grafts and also results from presensitization. 
Other causes of graft dysfunction in the first days or week 
after transplantation include ATN, obstructive uropathy, 
large perirenal fluid collections, cyclosporine toxicity, 
acute renal vein thrombosis, and pyelonephritis. Clinical 
findings in all are similar: decreasing urine output, rising 
serum creatinine, abdominal pain, fever, and leukocyto-
sis. Hydronephrosis and perirenal fluid collections are 
easily detected with gray-scale sonography.

Doppler sonography is a sensitive indicator of the 
increasing intrarenal impedance that accompanies acute 
vascular rejection. If serial measurements can be 
obtained by performing a baseline study shortly after 
surgery, the RI can be compared to the patient’s own 
values rather than population norms (Fig. 54-51). Single 
measurements have been disappointing in distinguishing 
ATN and cyclosporine toxicity from acute rejection. 
Sonography is used for an initial investigation of a failing 
graft. The diagnosis of rejection is established by biopsy.

To assess alterations in intrarenal arterial resistance in 
conditions often encountered in the transplanted kidney, 
Pozniak et al.91 studied four groups of dog allografts 
with pulsed Doppler: normal, ATN, cyclosporine-
toxicity, and rejection (Table 54-5). In the normal 
and ATN groups, the RI rose immediately after surgery 
and returned to baseline levels after 10 days. Renal 
length also increased slightly. No significant change  
in RI or renal length was noted in the cyclosporine toxic-
ity group. The acute rejection group showed an initial 
slight decrease in the RI and then a rapid and progressive 
rise in the RI after day 5. Renal length also increased 

FIGURE 54-51. Renal allograft rejection and treat-
ment. A, Doppler cursor adjacent to a pyramid (within an 
interlobar artery) records a normal flow pattern 2 days after trans-
plantation. B, One week later, normal diastolic flow has disap-
peared; flow reverses at the end of diastole. The serum creatinine 
level had risen, and there was oliguria. C, At 12 hours after 
completion of a course of antirejection therapy with monoclonal 
antibodies, normal intrarenal flow has resumed (urine flow and 
creatinine level had returned almost to normal levels). D, Within 
1 week, creatinine level rose again. Diastolic flow diminished.  
E, Two days later, during oliguria, reversal of diastolic flow her-
alded another severe episode of rejection. (From Patriquin HB, 
Paltiel H: Pediatric radiology categorical course syllabus. 1989, 
Radiological Society of North America.)
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CAUSES OF RENAL TRANSPLANT 
DYSFUNCTION

Hyperacute rejection: hours after transplant, caused 
by antibodies from presensitization

Accelerated rejection: 1 to 7 days after transplant, 
from poorly matched donors; presensitization

Acute rejection: 3 to 12 weeks after transplant, 
caused by antibodies newly formed

Graft dysfunction: 1 to 7 days
Acute tubular necrosis (ATN)
Obstruction of collecting system
Large perirenal fluid collection
Cyclosporine toxicity
Acute renal vein thrombosis
Pyelonephritis
Chronic rejection: months to years, from repeated 

acute rejection
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54-6 lists the results, including change (decrease) over 
time expressed as percentage size at the time in question 
compared with the size at birth.92

At birth, the adrenal gland is relatively large, repre-
senting 0.2% to 0.3% of total body weight, compared 
with 0.001% in adults. There is a linear relationship 
between body weight and gland lengths in healthy neo-
nates. In premature neonates there is a linear relationship 
between gestational age and gland size. The linear dimen-
sions continually decrease during the first 6 months of 
life. In addition, the appearance changes as the cortex 
decreases in size and the echogenicity changes.92

Normal Anatomy

The success of sonographic visualization of the normal 
adrenal gland varies with the child’s age and size. In the 
neonatal period the normal adrenal gland can be readily 
visualized because it is relatively large, there is relatively 
little perirenal fat to obscure the gland, and high-
frequency transducers can be used. Normal adrenal 
glands are readily identified in the suprarenal location 
and have a V-, Y-, or Z-shaped configuration (Fig. 
54-52). The gland has a thin echogenic core that repre-
sents the adrenal medulla. This is surrounded by a less 
echogenic rim that represents the adrenal cortex.93 In the 
neonate, there is a thick fetal zone that occupies about 
80% of the cortex of the gland. After birth, the fetal zone 
of the adrenal cortex undergoes involution.

At birth, vascular congestion is present throughout the 
fetal zone; involution occurs by hemorrhagic necrosis; 
and the fetal zone gradually shrinks and is replaced by 
connective tissue by 1 year of age. Values for the normal 
size of the adrenal gland in the infant are available (Table 
54-6). Adrenal length ranges between 3.6 and 0.9 cm 
(mean 1.5 cm); width ranges between 0.5 and 0.2 cm 
(mean 0.3 cm).92 The mean adrenal length increases 
with gestational age. The adrenal gland in the older child 
and teenager is not easily seen by ultrasound, and other 
imaging modalities are preferable for its evaluation. If 
there is renal agenesis, the neonatal adrenal will be seen 
as a long linear structure (lying flat) still recognizable by 
the normal cortex and medulla (Fig. 54-53).

Congenital Adrenal Hyperplasia

Infants with deficiency of 21-hydroxylase, which is  
necessary for adrenal production of cortisol, have an 
excessive accumulation of androgenic precursors, with 
enlarged adrenal glands94 and virilization of the genitalia 
in female infants. Sivit et al.95 reported enlarged width 
of the adrenal gland (>0.5 cm) in four of six patients, 
with preservation of the normal architecture. Hernanz-
Schulman et al.96 described enlarged adrenal glands in 8 
of 16 patients. However, a normal-sized gland does not 
exclude the diagnosis. A typical cerebriform appearance 
has been described97 (Fig. 54-54).

steadily. This study is an elegant demonstration of the 
temporal changes in renal impedance in three of the 
most common diseases affecting the recent renal allograft. 
It also illustrates the difficulty in attempting to diagnose 
a specific disease process from a single RI or renal length 
measurement and emphasizes the importance of serial 
examinations and their correlation with clinical 
findings.

When acute vascular rejection is effectively treated 
(with cyclosporine, which prevents proliferation of T 
cells, or with polyclonal or monoclonal antibodies, 
which “blind” T cells to graft antigens), the decrease in 
intrarenal resistance is dramatic and is well demonstrated 
with pulsed Doppler sonography91 (Fig. 54-51). Chronic 
rejection occurs months to years after transplantation 
and is the result of many episodes of unsuccessfully 
treated acute rejection. Chronic rejection may start as 
early as the first few months after transplantation and is 
characterized by sclerosing arteritis and tubular 
atrophy. The glomeruli are small or hyalinized, and 
there is vascular intimal proliferation, especially of inter-
lobar and arcuate arteries. The resultant decreased diam-
eter of small intrarenal vessels leads to increased vascular 
impedance and low or absent diastolic flow.18

PEDIATRIC ADRENAL 
SONOGRAPHY

The adrenal gland is relatively prominent in the neonate 
and is easily visualized with ultrasound. In the older 
child the adrenal gland is usually not visible.

The adrenal glands are superior to the kidneys;  
longitudinal and transverse images are obtained with a 
high-frequency convex or sector transducer. From the 
transverse images of the gland, AP and transverse dimen-
sions are measured. From the longitudinal images, the 
cephalocaudal length is measured from the apex to the 
midpoint of the base of the gland (Fig. 54-52). Table 

TABLE 54-5. POSTTRANSPLANT 
INTRARENAL ARTERIAL RESISTANCE

RI EARLY RI LATE
RENAL 

LENGTH

Normal ↑ Baseline after 
10 days

↑Slightly

Acute tubular 
necrosis

↑ Baseline after 
10 days

↑Slightly

Cyclosporine 
toxicity

No change No change No change

Acute rejection ↑RI ↑RI after 5 days ↑

RI, Resistive index.
From Pozniak MA, Kelcz F, D’Alessandro A, et al. Sonography of renal 

transplants in dogs: the effect of acute tubular necrosis, cyclosporine 
nephrotoxicity, and acute rejection on resistive index and renal length. AJR Am J 
Roentgenol 1992;158:791-797.
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FIGURE 54-53. “Lying-flat adrenal” in newborn 
with renal agenesis. Longitudinal sonogram with only an 
adrenal in the right renal fossa, typical hypoechoic cortex, echo-
genic medulla, and a flat shape to the adrenal.

FIGURE 54-52. Normal adrenal gland in the infant. A and B, Longitudinal and transverse scans of the right kidney and 
adrenal gland shows a Y-shaped gland with an echogenic central area (arrow) representing the adrenal medulla and a less echogenic 
peripheral rim representing the fetal adrenal cortex. Length (+) and width (*) and AP (+) measurement are made.

A B

TABLE 54-6. ADRENAL MEASUREMENTS IN NEONATES: MEAN ±SD 
(MEAN PERCENTAGE CHANGE ±SD)

DAY TRANSVERSE ANTEROPOSTERIOR CIRCUMFERENCE AREA (cm2) LENGTH

1 17.0 ± 2.7 9.6 ± 2.1 44.5 ± 5.3 1.3 ± 0.3 17.3 ± 1.8
3 14.8 ± 3.3

(84.0 ± 19.9)
7.5 ± 2.2

(78.6 ± 16.9)
36.7 ± 8.4

(82.4 ± 16.3)
0.95 ± 0.5

(68.3 ± 24.5)
12.8 ± 3.2

(73.9 ± 18.7)
5 13.7 ± 2.1

(77.5 ± 11.3)
6.9 ± 1.6

(62.0 ± 20.6)
33.4 ± 5.1

(65.2 ± 19.4)
0.75 ± 0.2

(44.5 ± 29.2)
11.4 ± 2.7

(51.9 ± 12.6)
11 11.8 ± 2.5

(67.4 ± 17.2)
5.9 ± 1.4

(62.0 ± 20.6)
28.6 ± 6.1

(65.2 ± 19.4)
0.57 ± 0.3

(44.5 ± 19.4)
8.9 ± 2.0

(51.9 ± 12.6)
21 10.8 ± 1.9

(61.5 ± 13.4)
5.6 ± 0.5

(61.1 ± 16.3)
25.3 ± 3.9

(57.8 ± 11.3)
0.45 ± 0.1

(35.7 ± 13.7)
8.2 ± 1.2

(47.9 ± 8.0)
42 9.5 ± 1.5

(53.9 ± 11.6)
5.7 ± 1.0

(61.3 ± 14.8)
23.8 ± 2.8

(54.4 ± 10.4)
0.4 ± 0.1

(32.5 ± 11.5)
7.7 ± 0.9

(45.0 ± 6.4)

From Scott EM, Thomas A, McGarrigle HH, Lachelin GC. Serial adrenal ultrasonography in normal neonates. J Ultrasound Med 1990;9:279-283.

Neonatal Adrenal Hemorrhage

Hemorrhage into the adrenal gland occurs in the neonate 
and is associated with stress, trauma at birth, anoxia, 
sepsis, bleeding disorders, and diabetes in the mother. It 
occurs most frequently between the second and seventh 
day of life, and patients present with an abdominal mass, 
hyperbilirubinemia, and occasionally, hypovolemic 
shock. In some cases the hemorrhage is asymptomatic. 
If a palpable abdominal mass is found, an adrenal hem-
orrhage must be differentiated from a tumor of the 
adrenal gland or kidney. Sonography demonstrates a 
suprarenal mass with variable echogenicity.98,99 In the 
acute phase the hemorrhage is usually echogenic, repre-
senting clot formation. Over several weeks, the hemor-
rhage becomes echo free as the clot lyses and becomes 
liquefied (Fig. 54-55). The hemorrhage gradually 
decreases in size and may result in adrenal calcification. 
Differentiation from a neonatal neuroblastoma is impor-
tant. Follow-up that demonstrates the mass decreasing 
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FIGURE 54-54. Cerebriform adrenal gland in neonate with congenital adrenal hyperplasia. A, Longitudinal 
image with redundant adrenal coils (arrows) crowning the right kidney apex (K). B and C, Longitudinal and transverse left images show 
coils with echogenic central gland and hypoechoic cortex (arrows).
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in size and eventually resolving confirms the diagnosis of 
an adrenal hemorrhage.
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ESOPHAGUS AND STOMACH

Normal Anatomy and Technique

Sonography has become an important diagnostic imaging 
modality in the evaluation of the gastrointestinal (GI) 
tract of children. Ultrasound permits direct visualization 
of the various mural layers of the GI tract, adding a new 
dimension to the imaging of this body system. The 
ability to observe gastrointestinal dynamics without 
exposure to ionizing radiation is an added asset of sonog-
raphy. Video clips done during scanning can be a valu-
able resource to view peristalsis. Ultrasound is most 
suitable for portions of the GI tract that are not sur-
rounded by or filled with large amounts of gas. The 
stomach is best evaluated after allowing the patient to 
ingest clear fluids. Sugar water works well for infants.

patient with sagittal images in the supine or right-side-
down decubitus position.1-3 This technique permits obser-
vation of the function of the gastroesophageal junction 
and can be used to detect gastroesophageal reflux. Reflux 
is noted when fluid is regurgitated into the retrocardiac 
portion of the esophagus (Fig. 55-1). Color Doppler 
sonography may facilitate the detection of gastroesopha-
geal reflux.4 Hiatal hernias can also be detected with 
sonography, which may be more sensitive than barium 
studies for detecting small degrees of herniation, especially 
if color Doppler ultrasound is also used.5,6 However, the 
sonographic techniques required are operator dependent 
and have not gained much popularity. Therefore, esopha-
geal abnormalities are usually assessed with other imaging 
modalities, such as fluoroscopy or endoscopy.

Stomach

Most abnormalities of the stomach in infants and chil-
dren involve the gastric antrum and distal third of the 
stomach. This portion of the stomach is easily evaluated 
using the liver as an acoustic window. Distending the 
stomach with clear fluid facilitates evaluation of the 
mucosal, submucosal, and muscular layers of the stomach 
(Fig. 55-2). Furthermore, gastric peristalsis and empty-
ing can be evaluated.

Normal gastric mucosa, including the muscularis 
mucosae and submucosal layers, measures 2 to 3 mm, 
whereas the outer circular muscle layer measures between 
1 and 2 mm in thickness.7,8 These measurements should 
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STOMACH: OPTIMAL MEASUREMENTS

Normal pyloric muscle thickness ≤2 mm
Normal gastric mucosa thickness ≤2-3 mm
Peristalsis through pylorus

Esophagus

Most of the esophagus is inaccessible by sonography 
because of surrounding aerated lung. Only the subdia-
phragmatic portion of the esophagus is usually visible. The 
gastroesophageal junction can be seen by examining the 
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Hypertrophic Pyloric Stenosis

During the past decade, sonography has almost com-
pletely replaced the radiographic upper GI series for  
the diagnosis of infantile hypertrophic pyloric stenosis 
(HPS). Unlike the upper GI series that demonstrates 
only the indirect effects of pyloric muscle hypertrophy 
on the gastric lumen, ultrasound allows direct visualiza-
tion of the gastric muscle thickening that is the hallmark 
of the disease. Although a few pitfalls in the sonographic 
diagnosis of HPS exist, the technique is relatively easily 
mastered and results in greatly improved accuracy of 
diagnosis and patient outcome. Indeed, the accuracy 
approaches 100%, and ultrasound is now the procedure 
of choice for the detection of pyloric stenosis.9-12

After the initial documentation of the sonographic 
detection of the hypertrophied pyloric muscle in pyloric 
stenosis by Teele and Smith,13 many studies described 
the characteristic findings of HPS.14-18 Increased pyloric 
muscle thickness and canal length, increased transverse 
diameter of the pylorus, estimation of degree of gastric 
outlet obstruction, and calculation of pyloric muscle 
volume have all been used to diagnose pyloric stenosis. 
However, of all the criteria, thickening of the pyloric 
muscle and elongation of the pyloric canal have emerged 
as the most consistently useful. The thickness at which 
the muscle is considered hypertrophied is 3 mm or 
greater.7 Pyloric canal length of 1.5 cm is considered 

be obtained with the stomach fully distended with fluid, 
and the scan should be performed in the midlongitudinal 
plane of the stomach or, on cross section, proximal to 
the pyloric canal. On cross-sectional imaging, if the 
image obtained is too close to the contracted pyloric 
canal, thickening of the pyloric muscle can be suggested 
erroneously. Similarly, if tangential images are obtained 
on the longitudinal plane, the muscle may erroneously 
appear thickened (Fig. 55-3). This same phenomenon is 
also seen with the echogenic mucosal layer.

FIGURE 55-1. Gastroesophageal 
reflux. A, Normal contracted gastroesopha-
geal junction (arrows). B, Later, the lower 
esophageal sphincter opens, and reflux of 
fluid and formula into the esophagus is visible 
(arrow).

A B

FIGURE 55-2. Normal stomach. Normal antrum of 
stomach (S), pyloric canal (P), and proximal duodenum (D). Four 
gastric wall layers are visible (from inside out): echogenic mucosa, 
hypoechoic muscularis mucosae, echogenic submucosa, and 
hypoechoic outer circular muscle.

HYPERTROPHIC PYLORIC STENOSIS

Muscle width ≥3 mm
Pyloric canal length ≥1.2 cm
No peristalsis through pylorus
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of functional alterations at the pylorus. Active gastric 
peristalsis that ends abruptly at the margin of the hyper-
trophied muscle, absence of a normal opening of the 
pylorus, and diminished passage of fluid from the 
stomach into the duodenum are useful adjunctive find-
ings in pyloric stenosis. Thickened mucosa within the 
pylorus often accompanies the muscle hypertrophy20 
(Fig. 55-4, C ). Although most often an isolated abnor-
mality, HPS occasionally accompanies other obstructive 
antropyloric lesions, such as duodenal feeding tubes (Fig. 
55-5, A), eosinophilic gastroenteritis, antral polyps,21 
and idiopathic or prostaglandin-induced foveolar 
hyperplasia.22

Ultrasound also is very useful for the evaluation of 
persistent vomiting in the postpyloromyotomy patient. 
The fluoroscopic upper GI series is of limited value in 
such cases because it tends to show persistent deformity 

diagnostic of pyloric stenosis when seen in conjunction 
with thickened pyloric muscle. In practice, however, 
normal canal length is much shorter than this and  
is often impossible to measure. Measurement of canal 
length is more problematic than measurement of muscle 
thickness and therefore a less reliable criterion.

In the classic case of HPS, the thickened muscle mass 
is seen as a hypoechoic layer just superficial to the more 
echogenic mucosal layer of the pyloric canal (Fig. 55-4, 
A). In cross section, this “olive,” on clinical palpation, 
resembles a sonolucent “doughnut” medial to the gall-
bladder and anterior to the right kidney (Fig. 55-4, B). 
Often, small amounts of fluid are visible trapped between 
the echogenic mucosal folds, corresponding to the 
“string” (elongated canal) and “double tract” (folded 
mucosa) signs seen on radiographic upper GI series.19 In 
longitudinal section, sonography also permits evaluation 

FIGURE 55-3. Pyloric muscle tangential imaging artifacts. A, When imaging the antrum in cross section, the muscle 
will appear thickened if obtained through plane 1, but will show normal thickness if obtained through plane 2. B, Longitudinal scan, 
tangential plane (T), shows pseudothickening. Imaging in center (C) shows true normal muscle thickness. C, Tangential scan shows muscle 
pseudothickening (arrows); D, duodenum. D, Antrum distended with fluid shows normal muscle (arrows).
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Pseudothick
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and narrowing of the canal even in asymptomatic 
patients. However, sonography can definitively identify 
persistently thickened muscle, although cautious inter-
pretation in postpyloromyotomy patients is recom-
mended because the pyloric muscle may not return to 
normal thickness for up to 5 months.23

A

C

B

FIGURE 55-5. Pylorospasm. A, The pylorus remained contracted early in the examination of this infant, but the muscle is normal 
in thickness (arrows). B, After slightly extended period of viewing, the pylorus relaxed and appeared normal (arrows).

A B

Pylorospasm and Minimal  
Muscular Hypertrophy

In some vomiting infants, sonography shows a persis-
tently contracted and elongated canal, but the degree of 
muscular thickening is less than the criterion of 3 mm 

FIGURE 55-4. Hypertrophic pyloric stenosis. 
A, Longitudinal scan shows markedly thickened, hypo-
echoic gastric antral muscle (arrows). Elongated canal is 
nearly 2 cm in length. B, Transverse scan shows typical, 
hypoechoic “doughnut” (arrows). Central echogenic 
mucosa with anechoic fluid-filled crevices. C, Note the 
thick echogenic mucosa (arrows) within the thickened 
muscle mass.
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Pitfalls in Sonographic Diagnosis

The echogenicity of the pyloric muscle varies according 
to the angle at which the ultrasound beam crosses the 
muscle fibers. During sonography of HPS, the hypertro-
phied muscle appears echogenic rather than hypoechoic 
when imaged in the midlongitudinal plane. This altera-
tion of echogenicity is caused by an artifact called the 
anisotropic effect, which occurs at about the 6- and 
12-o’clock positions of the muscle, where the ultrasound 
beam is perpendicular to the muscle fibers.25 With 
current high-resolution linear array transducers, the 
echogenic appearance of the muscle does not signifi-
cantly decrease its visibility (Fig. 55-8, A). The position 
of the antropyloric canal can change during the examina-
tion, especially if the stomach becomes overdistended 
with fluid. The distended antrum causes the pylorus to 
become more posteriorly directed, making it more dif-
ficult to follow with ultrasound. In such cases the gastric 

for surgically correctible HPS. With extended observa-
tion, eventually the canal opens and fluid is seen to pass 
into the duodenum,24 but the periods of spasm predomi-
nate (Fig. 55-6, A and B). In the vast majority of cases, 
there is no thickening of the pyloric muscle or mucosa, 
and the problem is primarily nonspecific pylorospasm 
(antral dyskinesia) (Fig. 55-6, C ). This condition can 
accompany milk allergy or other forms of gastritis.

In some cases the pyloric muscle is mildly thickened, 
measuring 2 to 3 mm.7 Such patients should be distin-
guished from those with normal muscle thickness 
(<2 mm) because some patients with minimal muscle 
hypertrophy can eventually progress to classic pyloric 
stenosis (see Fig. 55-5). Many of these infants will 
respond to medical therapy and require no surgery (Fig. 
55-7). In other infants, minimal muscle thickening will 
resolve spontaneously, but such patients should be fol-
lowed closely with ultrasound until the muscle regresses 
to a normal thickness.

A B

C

FIGURE 55-6. Minimal pyloric muscle thickening 
progresses to hypertrophic pyloric stenosis. A, Lon-
gitudinal scan in infant with a duodenal feeding tube (arrows) 
shows contracted pyloric canal and 2.3-mm-thick pyloric muscle 
(arrowheads). B, Two weeks later the muscle was hypertrophied 
(4 mm). C, Antral contraction in a different patient. Black arrow 
indicates position of the normal pylorus. White arrow depicts the 
normal, fluid-filled duodenal bulb.
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examination. Complete diaphragms are considered one 
form of gastric atresia, but many diaphragms are incom-
plete and cause variable degrees of obstruction. On 
sonography, the web appears as an echogenic band across 
the distal gastric antrum (Fig. 55-10). Care must be 
taken to image such webs in the true midlongitudinal 
plane because if an incomplete diaphragm is imaged at 
its periphery, a complete diaphragm may be erroneously 
suggested.

Gastritis and Ulcer Disease

Peptic ulcer disease in pediatric patients is probably more 
common than generally is appreciated.26 Gastric ulcers 
are more common in younger children (median age of 
6.5 years) and Helicobacter pylori infection is less preva-
lent with gastric ulcers than with duodenal ulcers.26 
Sonography is not particularly helpful with duodenal 
ulcers, but gastric inflammatory disease may be visible 
sonographically. Barium radiographic studies often 
reveal nothing more than persistent deformity or spasm 
of the antropyloric region. Ultrasound of the fluid-filled 
stomach permits direct visualization of the thickened 
gastric mucosa and submucosa,27 which often is accom-
panied by loss of definition of the individual layers  
of the gastric wall (Fig. 55-11). The ulcer crater itself 
usually is not visualized sonographically. Ultrasound can 
also be used to follow therapy, showing a return of the 
normal gastric wall layers as the ulcer heals. Thickening 
of the gastric mucosa is not a specific finding and can be 
seen with other conditions, such as eosinophilic gastri-
tis, inflammatory pseudotumor,28 chronic granulo-
matous disease, Ménétrier’s disease,29 milk allergy, 
and prostaglandin-induced antral foveolar hyperpla-
sia.30,31 The latter condition is self-limiting and can be 
seen in asymptomatic infants.32

antrum may have a squared-off configuration (Fig. 
55-8, B). When this occurs, the pylorus may be located 
by cephalad angulation of the transducer or by imaging 
from a more lateral position on the abdomen.

FIGURE 55-7. Minimal pyloric muscle thickening responds to medical therapy. A, Infant with a contracted canal 
and 2-mm-thick gastric muscle (arrows). B, After medical therapy, the pyloric muscle returned to a normal thickness; B, duodenal bulb; 
P, pylorus.
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PITFALLS IN DIAGNOSIS  
OF HYPERTROPHIC PYLORIC 

STENOSIS (HPS)

Echogenic muscle at 90 degrees to beam 
(anisotropic effect)

Posteriorly oriented antropyloric canal 
(overdistended stomach)

Prostaglandin-induced HPS (mucosal, not muscular 
thickening)

Minimal pyloric muscle thickening; may progress  
to HPS.

Perhaps the most common pitfall in the sonographic 
diagnosis of pyloric muscle hypertrophy is inadequate 
distention of the gastric antrum with fluid. When the 
antrum is relatively empty, it remains contracted, and 
the muscle layer can appear falsely thickened (Fig. 55-9). 
When administering oral fluids for this study, keeping 
the infant in a right posterior oblique position helps to 
ensure that the fluid will fully distend the antrum. 
Despite these occasional pitfalls, the sonographic diag-
nosis of pyloric stenosis is generally straightforward.

Gastric Diaphragm

The gastric diaphragm, or antral web, consists of a con-
genital membrane that extends across the gastric antrum. 
These diaphragms most often lie less than 2 cm from the 
pylorus and are therefore usually visible on ultrasound 
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DUODENUM AND SMALL BOWEL

Normal Anatomy and Technique

Normally, intestinal gas prevents complete visualization 
of the duodenum and small bowel with ultrasound. 
However, if the stomach is filled with fluid, it is often 
possible to identify the duodenal bulb and descending 
duodenum (see Figs. 55-2 and 55-3). In addition, 
gradual compression of the abdomen with the transducer 
during scanning often encourages the gas to move to 
other areas, allowing previously obscured small bowel 
loops to be examined. The mucosa, submucosa, and 
muscular layers can be delineated,24 especially in those 
loops that contain fluid (Fig. 55-13).

FIGURE 55-8. Hypertrophic pyloric stenosis. A, Echogenicity artifact at 6- and 12-o’clock positions (anisotropic effect). Cross-
sectional image through the pylorus shows the thickened muscle with increased echogenicity at 6- and 12-o’clock positions (arrows). 
B, Posteriorly directed canal artifact. Note the squared-off appearance of the gastric antrum (arrows). The thickened pylorus (P) is only 
partially visible in this imaging plane. C, Longitudinal scan shows elongated canal. Anisotropic effect causes muscle to be more echogenic 
(arrows).

A B

C

Bezoar

Lactobezoars are the most common form of bezoar in 
children, occurring predominantly in infants who are  
fed improperly reconstituted powdered formula. In  
older children, trichobezoars, caused by the ingestion 
of hair, are more common. Both types of bezoar can  
be easily identified with ultrasound, especially if the 
patient is given clear fluid to help outline the mass. 
Lactobezoars appear as a solid, heterogeneous, echogenic 
intraluminal mass33 (Fig. 55-12). With trichobezoars, air 
tends to be trapped in and around the hair fibers, which 
causes a characteristic arc of echogenicity that obscures 
the mass but conforms to the shape of the distended 
stomach.34
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or without associated annular pancreas (Fig. 55-14). 
Plain radiograph findings usually are diagnostic, showing 
two air-filled bubbles representing the dilated stomach 
and proximal duodenum. Similar findings can be seen 
with severe duodenal stenosis and duodenal dia-
phragms or webs. Usually, sonography is not needed to 
identify obstructions in this portion of the duodenum. 
However, when duodenal atresia is associated with 
esophageal atresia, air cannot reach the stomach and 
duodenum, making radiographic diagnosis more diffi-
cult. Sonography is diagnostic in such infants by dem-
onstrating the grossly distended, fluid-filled duodenal 
bulb, stomach, and distal esophagus.35,36

Congenital Duodenal Obstruction

Sonography can readily identify an obstructed, fluid-
filled, distended duodenum, and frequently the level  
of obstruction can be determined. Complete duodenal 
obstruction in the newborn is often readily apparent  
on radiographs, and ultrasound generally provides  
little additional useful information. However, in patients 
in whom the stomach and duodenum are filled  
with fluid rather than air, ultrasound can be quite  
useful.

Proximal duodenal obstruction resulting in the classic 
double-bubble sign occurs with duodenal atresia, with 

FIGURE 55-9. Empty stomach artifact. A, Before fluid is administered, the antrum is contracted and the pyloric muscle appears 
thickened (arrows). B, When fluid distends the antrum, the true normal thickness of the muscle is seen (arrows).

A B

FIGURE 55-10. Gastric diaphragm. A, Note the thin membrane (arrows) crossing the fluid-filled gastric antrum. B, The same 
diaphragm seen during a contrast upper GI series (arrows).

A B
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mesenteric vein and artery can be seen in patients with 
intestinal malrotation, with or without volvulus (Fig. 
55-16, B). Failure of normal embryologic bowel rotation 
leaves the superior mesenteric vein anterior to or to the 
left of the superior mesenteric artery38,39 as opposed to 
its normal position to the right of the artery. Although 
this finding is not always present in volvulus,40 it is prob-
ably worthwhile to observe the relationship of these 
vessels in any child who is undergoing sonography for 
the evaluation of vomiting. When color Doppler ultra-
sound is used, the twisted mesenteric vessels are seen 
swirling in a clockwise direction (whirlpool sign), and 
this finding is highly suggestive of midgut volvulus41 
(Fig. 55-16, C ). Although these findings are valuable for 

Sonography has been used for diagnosis of intestinal 
malrotation with midgut volvulus in an infant with 
bilious vomiting, although fluoroscopic upper GI series 
remains the “gold standard.” If an ultrasound is per-
formed in a patient with volvulus, vigorous peristalsis of 
the obstructed duodenal C-loop is seen, and character-
istic tapering of the distal, twisted end often can be 
visualized37 (Fig. 55-15). Above all, it is the location of 
the obstruction (i.e., third or fourth portion of duode-
num) that most strongly suggests the diagnosis of midgut 
volvulus. Obstruction from peritoneal (Ladd’s) bands, 
which also accompanies rotational anomalies of the 
intestine, can have an identical appearance. In addition 
to these findings, an abnormal position of the superior 

FIGURE 55-11. Gastritis. A, Gastric ulcer disease. Longitudinal ultrasound image of antrum. Note greatly thickened gastric wall 
with poorly defined mural layers (arrows). An ulcer crater is suggested. B, Contrast study shows a large gastric ulcer (arrow). C, Immu-
nosuppressed transplant patient. Marked thickening of the gastric mucosa (arrows). D, Chronic granulomatous disease. Marked 
thickening of the gastric wall (arrows) in a child. (Courtesy W. McAlister, MD.)
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suggesting the diagnosis, absence of these findings does 
not exclude malrotation or volvulus.42

A final cause of distal duodenal obstruction is a duo-
denal diaphragm that has stretched into a windsock 
configuration (Fig. 55-14, B). The distal end of the 
obstructed duodenum will have a rounded shape in this 
condition,43 as opposed to the tapered end, which is seen 
more often with midgut volvulus (Fig. 55-15).

Duodenal Hematoma

Duodenal hematoma is a common complication of 
blunt abdominal trauma in children, including those 

FIGURE 55-12. Lactobezoar. Longitudinal ultrasound of 
the stomach. Note large filling defect caused by the lactobezoar in 
an otherwise fluid-filled stomach. The child had been NPO for  
6 hours.

FIGURE 55-13. Normal small bowel. Note the thin-
walled, fluid-distended loops (arrows).

FIGURE 55-14. Duodenal obstruction. A, Duodenal 
atresia. Grossly distended duodenal bulb (D) and stomach (S). B, 
Duodenal diaphragm. Grossly distended, obstructed descending 
duodenum (arrows); P, pyloric canal; S, stomach.

A

B

FIGURE 55-15. Midgut volvulus. Vigorous peristaltic 
activity fails to empty the duodenum, and the third portion of the 
duodenum has beak deformity (arrow); S, stomach.
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In neonates with congenital causes of small bowel 
obstruction (e.g., ileal atresia, meconium ileus), prenatal 
intestinal perforation can occur, releasing variable 
amounts of meconium into the peritoneal cavity. In 
some of these fetuses, the perforation heals in utero, and 
the only clues that remain after birth are scattered calci-
fications in the peritoneal cavity. In patients in whom 
larger amounts of meconium have leaked, or in whom 
an active leak remains after birth, cystic masses can be 
found in the peritoneal cavity, giving rise to the term 
cystic meconium peritonitis. Sonographically, these 
cysts appear as variably sized, fairly well-defined cystic 
collections, often with very heterogeneous cystic fluid.48,49 
The highly echogenic calcifications can also be found 
with ultrasound (Fig. 55-19). Echogenic ascitic fluid 
may also be present after perforation, whether in utero 
or neonatal. It may be missed if only still images are 
recorded, so video clips may be useful for later review (if 
saved on PACS).

with battered child syndrome. Sonography can demon-
strate the dilated, obstructed duodenum and more spe-
cifically can show evidence of an intramural hematoma44-46 
(Fig. 55-17). The intramural hemorrhage initially causes 
echogenic thickening of the wall of the duodenum, but 
as time passes, the hematoma undergoes liquefaction and 
the thickened wall becomes hypoechoic. Similar hema-
tomas can occur with Henoch-Schönlein purpura47 (see 
later discussion).

Small Bowel Obstruction

The diagnosis of small bowel obstruction is usually 
accomplished with plain radiographs. At times, however, 
ultrasound can be used to help determine the site or 
cause of the obstruction. In cases of mechanical small 
bowel obstruction, the fluid-filled, dilated, hyperperistal-
tic loops of small bowel proximal to the obstruction are 
usually clearly visible with ultrasound (Fig. 55-18).

A

B

C

FIGURE 55-16. Midgut volvulus: altered rela-
tionship of mesenteric vessels. A, Normal superior 
mesenteric vein (V) lies to the right of the superior mesenteric 
artery (A). B, Intestinal malrotation and midgut volvulus; the 
vein (V) lies to the left of the artery (A). C, Color Doppler 
shows a clockwise whirlpool of vessels (arrows) around a vol-
vulus. (Courtesy Kenneth Martin, MD, Oakland Children’s Hos-
pital, Oakland, Calif.)
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of intestinal wall thickening that can vary from echo-
genic to hypoechoic in texture.47

Intussusception

Intussusception is the most common cause of small 
bowel obstruction in children between the ages of 6 
months and 4 years. Clinical findings of crampy, inter-
mittent abdominal pain, vomiting, palpable abdominal 
mass, and “currant jelly” stools are classic. Patients with 
these characteristic symptoms probably do not require 
ultrasound diagnosis before attempted enema reduction. 
Many of these clinical features are present in young 
children with abdominal pain for other reasons, and 
some children with intussusception do not exhibit all the 
classic features. In such children, sonography can help 
confirm or exclude intussusception. Sensitivity and spec-
ificity for the diagnosis of intussusception with ultra-
sound is virtually 100%.50-54 If an intussusception is not 
demonstrated sonographically, an enema need not be 
performed unless clinical suspicion is high.

FIGURE 55-17. Duodenal hematoma. A, Large echogenic hematoma (arrows), compressing and obstructing duodenum (D), 
caused by blunt abdominal trauma; S, stomach. B, Asymmetrical thickening of the duodenal wall (arrows) caused by intramural hemor-
rhage in a patient with Henoch-Schönlein purpura. Note central cystic area as hematoma liquefies. (Courtesy C. K. Hayden, Jr, MD, Fort 
Worth, Texas.)

A B

FIGURE 55-18. Small bowel obstruction caused by 
Meckel’s diverticulum and fibrous bands. Dilated, 
fluid-filled, obstructed small bowel loops surround the small 
tubular diverticulum (arrow).

SONOGRAPHIC SIGNS OF 
INTUSSUSCEPTION

Oval hypoechoic mass
Pseudokidney or doughnut sign

Hypoechoic rim with central echogenicity
Multiple layers and concentric rings
Small amount of peritoneal fluid
Large amount of peritoneal fluid

Suggests perforation, especially echogenic ascites

Small bowel obstruction from intestinal hematomas 
usually occurs as a result of Henoch-Schönlein purpura, 
blunt abdominal trauma, or coagulopathies. In any of 
these conditions, the mural hemorrhage can be detected 
sonographically as asymmetrical or circumferential areas 
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an intussusception. Recurrent intussusception occurs 
in approximately 4% to 10% of cases, and thus ultra-
sound is worthwhile in children with recurrent symp-
toms after successful enema reduction. Small bowel 
intussusception is less common in children, but it can 
occur when lead points such as polyps or Meckel’s 
diverticulum are present or may occur as a postoperative 
complication of major abdominal surgeries.63 Enema 
examinations are not helpful for diagnosis or treatment 
of intussusceptions restricted to small bowel, but ultra-
sound can provide prompt identification of the abnor-
mality in most cases.64

Spontaneous reduction of intussusception is a well-
known phenomenon that has been documented sono-
graphically. In such patients, when symptoms subside 
between the time the diagnosis is made and the time a 
reduction procedure is begun, ultrasound can verify reso-
lution of the intussusception and spare the patient an 
unnecessary enema procedure.65 Transient small bowel 
intussusception is a common occurrence, especially in 
patients with hyperperistalsis. These intussusceptions are 
not associated with significant edema in the intussus-
cepted loops, and therefore the peripheral rim of the 
intussusception appears thinner and more echogenic 
than firmly impacted intussusceptions66,67 (Fig. 55-20, E 
and F ). The patient is usually asymptomatic, and spon-
taneous resolution of the intussusception usually can be 
observed at ultrasound with a little patience. Intussus-
ception of the small bowel associated with gastrojejunal 
feeding tubes can also be identified sonographically.68

The only absolute contraindication to nonsurgical 
reduction of an intussusception is radiographic evidence 
of free intraperitoneal air or clinical signs of peritonitis. 
A small amount of free peritoneal fluid is typically seen 

The sonographic appearance of intussusception can 
vary slightly depending on the type of ultrasound trans-
ducer that is used for the examination. When a 5-MHz 
sector scanner is used, the intussusception appears as  
an oval, hypoechoic mass with bright, central echoes  
on longitudinal imaging (i.e., pseudokidney) and a 
hypoechoic doughnut, or target configuration, on 
cross-sectional imaging.55-57 The hypoechoic rim repre-
sents the edematous wall of the intussusceptum, and the 
central echogenicity represents compressed mesentery, 
mucosa, and intestinal contents. Linear array transduc-
ers, however, display the intussusceptum with greater 
clarity, showing multiple layers and concentric rings 
(Fig. 55-20), representing the bowel wall, mesentery, 
and even lymph nodes that have been drawn into the 
intussusception58,59 (Fig. 55-21). In some cases, anechoic 
fluid is also seen trapped within the incompletely com-
pressed head of the intussusception.

Once an intussusception has been documented by 
sonography, the patient usually proceeds to nonsurgical 
reduction, unless clinical or radiographic evidence  
of perforation is found. Currently, air reduction is  
the most popular method of treatment, although hydro-
static reduction using water-soluble contrast remains a 
viable alternative. Ultrasound-guided hydrostatic 
reduction has been suggested as a method to avoid the 
ionizing radiation of standard fluoroscopic examina-
tions. The procedure has been used successfully in several 
centers,60-62 but this technique has not achieved universal 
acceptance. Consequently, the primary role of ultra-
sound continues to be the diagnosis of intussusception. 
Sonography can also be used to identify the ileo-ileal 
intussusception that sometimes remains after the suc-
cessful hydrostatic reduction of the ileocolic portion of 

FIGURE 55-19. Cystic meconium peritonitis with calcification. A, Curvilinear calcifications in the right upper quadrant 
(arrows) of the distended abdomen in a newborn. B, Sonography revealed large, loculated areas of fluid with echogenic debris (black 
arrows). Echogenic calcifications were also noted (white arrow).

A B
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FIGURE 55-20. Intussusception. A, Linear transducers clearly show the concentric rings of the edematous intussusceptum (arrow-
heads) with echogenic fat, mesenteric lymph nodes (arrows), and hypoechoic fluid trapped in the center. B, Another intussusception, 
demonstrating a large amount of trapped fluid (arrows). C, Intussusception, showing concentric rings of bowel within bowel. D, Same 
intussusception as in C, showing only trapped fluid at different level. E, Transient intussusception with echogenic texture of the rim. 
F, Same intussusception as in E. Longitudinal image in real time shows in-and-out movement of the intussusception (arrows) and multiple 
transient intussusceptions, but patient remained asymptomatic.
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COLON

Normal Anatomy and Technique

Sonographic evaluation of the colon can be compro-
mised by the gas and fecal material that are frequently 
present. When sufficient fluid is present within the 
colon, the characteristic haustral markings in the mul-
tilayered wall can be identified. When pathologic wall 
thickening occurs, it tends to displace the gas and intes-
tinal contents. These abnormal areas of colon are often 
more easily visible than is the normal colon. Ultrasound 
may be a useful adjunct in the evaluation of colitis  
in children. Patterns of inflammation and mural strati-
fication have been described to assist in the diagnosis  
of colitis. However, sonography in the colon mainly 
focuses on imaging inflammatory disease and imperfo-
rate or ectopic anus. Some authors advocate graded 
compression for sonographic evaluation of colonic 
polyps.74

Ectopic or Imperforate Anus

In patients with ectopic or imperforate anus, it is impor-
tant to determine where the distal end of the hindgut 
terminates. Well-known pitfalls in attempting this with 
plain radiographs include those taken in the cross-table 
prone position. Radiographically, the colon can errone-
ously appear to end in a high position if the air column 
fails to progress to the end of the colon because of 
impacted meconium. Sonography can directly visualize 
the end of the hindgut pouch, and the corresponding 
sacral level can be determined (Fig. 55-23). Thereafter, 
the level can be transferred to the plain radiographs, and 
the M-line of Cremin can be drawn.75 The M-line cor-
responds to the level of the puborectalis sling, and if the 
hindgut ends above the line, a high fistula is presumed. 
If the hindgut ends below this line, a low fistula should 
be present.

during ultrasound in patients with intussusception, even 
in the absence of perforation.69,70 Therefore, a small 
amount of ascites is not a contraindication to nonsurgi-
cal reduction. However, if a large amount of ascites is 
found or the fluid appears complex, perforation should 
be considered.

Investigators have attempted to correlate certain ultra-
sound features of intussusception with the subsequent 
ability to reduce them nonsurgically. Findings such as 
peripheral rim thickness of greater than 1 cm, large 
amounts of internal trapped fluid, and lymph nodes 
larger than 1 cm within the intussusception have shown 
some correlation with decreased success of enema reduc-
tion.59,71 Color Doppler assessment of blood flow to the 
intussusceptum has been used to identify patients who 
have significant bowel ischemia and who may be at 
greater risk of perforation during attempted nonsurgical 
reduction72,73 (Fig. 55-22). The true reliability of these 
findings has yet to be determined.

FIGURE 55-21. Intussusception. Transverse ultrasound of 
the right lower quadrant demonstrates an ileocolic intussusception 
with multiple lymph nodes that have been drawn into the 
intussusception.

FIGURE 55-22. Intussusception: Doppler imaging. A, Color Doppler ultrasound demonstrates substantial blood flow within 
the wall of the intussusceptum. Hydrostatic reduction was successful in this patient without complication. B, Power Doppler ultrasound 
in another patient shows minimal flow within the wall of the intussusceptum (arrows). At surgery, the bowel was necrotic.

A B
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similar information and avoids the ionizing radiation 
associated with CT. High-resolution linear array trans-
ducers allow direct and detailed evaluation of the intes-
tinal wall, and areas of intestinal wall thickening can 
often be identified. Such thickening is nonspecific79 and 
can be seen in a variety of inflammatory conditions, 
including regional enteritis,80,81 ulcerative colitis,81 pseu-
domembranous colitis,82,83 neutropenic colitis (typhli-
tis),84 bacterial ileocolitis,85-87 allergic colitis,88 Kawasaki 
disease,89 necrotizing enterocolitis,90 hemolytic-uremic 
syndrome,91 graft-versus-host disease,92,93 glycogen 
storage disease type 1B,94 and chronic granulomatous 
disease of childhood. Even viral gastroenteritis can 
produce mild mucosal thickening in fluid-filled loops 
with diminished peristalsis.

Sonographic images can also be obtained from a peri-
neal approach at the site of the anal dimple. In this way, 
the distance between the skin surface and the blind-
ending hindgut can be measured, and a distance of less 
than 1.5 mm suggests a low pouch.76-78 In some cases, 
this procedure can be tricky to perform and lacks 
precision.

INTESTINAL INFLAMMATORY 
DISEASE

Although computed tomography (CT) and radiographic 
contrast studies are often used for evaluating inflamma-
tory conditions of the intestines, ultrasound can provide 
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FIGURE 55-23. Imperforate anus. A, Sagittal midline 
scan shows meconium-filled, distended distal hindgut (arrows) 
anterior to last vertebral body (S5). B, Inverted plain radiograph 
demonstrates no gas or meconium anterior to the sacrum and no 
air-filled pouch near the M-line (black line). Radiograph suggests 
that the hindgut ends quite high, but ultrasound clearly demon-
strates a low pouch filled with meconium. C, Transverse perineal 
approach shows the pouch (P) less than 1.5 cm from the skin 
surface (S).
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usually show circumferential, echogenic wall thickening, 
sometimes associated with small amounts of free abdom-
inal fluid47 (Fig. 55-26). Sonography also can be used 
to follow the resolution of the intestinal hemorrhage. 
Intussusception is a major complication of Henoch-
Schönlein purpura, and sonography is highly useful to 
identify such an intussusception,98 which usually involves 
only the small bowel and does not extend into the colon. 
Intestinal hemorrhage may also complicate bleeding dia-
theses or blunt abdominal trauma (Fig. 55-27).

A variety of other conditions can result in thickening 
of the wall of the small bowel or colon, but few show 
distinguishing characteristics at imaging. Hemolytic 
uremic syndrome (HUS) is associated with Escherichia 
coli 0157:H7 infection, characterized by hemolytic 
anemia, thrombocytopenia, and renal failure. HUS is 
usually preceded by a severe hemorrhagic colitis. Color 
Doppler imaging reveals that the thickened bowel seg-
ments are hypovascular,91 probably secondary to fibrin 
microthrombi that develop from factors released by the 
damaged endothelium (see Fig. 55-24, E, and Chapter 
54). Graft-versus-host disease in bone marrow trans-
plant patients occurs when the transplanted tissue 
mounts an attack on host tissues. Skin, liver, and GI 
involvement is common. Diffuse, circumferential, small 
bowel wall thickening and hyperemia are the predomi-
nant findings on ultrasound, with relatively less involve-
ment of the colon. Intestinal injury results in abdominal 
pain, vomiting, and diarrhea. The thickened, featureless 
intestinal loops are visible with ultrasound. A thin rim 
of echogenic material lining the mucosal surface of the 
affected loops has been described92 (Fig. 55-28). This 
membrane is thought to represent the fibrinous exudate 
often seen covering the ulcerated mucosa at endoscopy 
in this condition.

Necrotizing enterocolitis (NEC) in newborns is 
usually detected radiographically, but early in the disease, 
the classic findings of bowel dilation and pneumatosis 
intestinalis may not be apparent. In such cases, sonogra-
phy may detect early thickening of the intestinal loops 
(Fig. 55-29, A and D). Pneumatosis intestinalis may 
be visible on sonography before it is seen on radiographs, 
appearing as small, punctate, echogenic foci in the non-
dependent wall or as a continuous echogenic ring99 
within the wall of affected bowel loops (Fig. 55-29, B). 
In addition, sonography can detect small amounts of gas 
within the portal venous system, which appear as small 
echogenic foci within the liver100,101 (Fig. 55-29, C ). 
Pericholecystic hyperechogenicity has also been 
described in infants with NEC.102 The most serious com-
plication is bowel necrosis with perforation. Increased 
flow velocity in the splanchnic arteries, most likely 
caused by vasoconstriction, has been suggested as a reli-
able early finding on Doppler sonography in NEC 
infants.103 Free intra-abdominal air may not be detect-
able in infants who have minimal intestinal gas to escape 

Sonography can sometimes differentiate mucosal 
from transmural inflammation. If the inflammatory 
process involves primarily the mucosa (e.g., ulcerative 
colitis, pseudomembranous colitis, typhlitis), the inner 
echogenic mucosal layer becomes thickened and some-
times nodular or irregular, but the outer muscular  
layer of the wall remains thin (Fig. 55-24). When the 
inflammation involves the entire intestinal wall (e.g., 
regional enteritis), thickening of the entire wall is seen 
(Fig. 55-25). Color Doppler sonography demonstrates 
increased blood flow to the thickened intestinal loops 
with most inflammatory bowel conditions,95 but hypo-
vascularity is more typical in hemolytic uremic syn-
drome.91 Doppler measurement of the resistive index 
(RI) in the superior mesenteric artery has been used to 
assess progression of disease in patients with active 
Crohn’s disease.96 Sonography is indicated in most of 
these children with regional enteritis to identify distal 
right ureteral involvement by the inflammatory mass 
that can result in hydronephrosis. Although the fistulas 
and sinus tracts that develop in regional enteritis are 
usually not discernible sonographically, ultrasound can 
be used to identify associated intra-abdominal abscesses. 
Recent advances in contrast-enhanced ultrasound and 
development of high-frequency probes may allow evalu-
ation of disease activity and treatment efficacy in Crohn’s 
disease.97

Henoch-Schönlein purpura, a condition probably 
caused by an allergic vasculitis of small vessels in a variety 
of body systems, frequently involves the GI tract. Of 
these patients, 50% to 60% develop abdominal pain 
from intramural hemorrhage in the intestines, and this 
symptom may precede the development of the more 
characteristic purpuric skin rash. In such patients, sonog-
raphy may detect the involved intestinal loops, which 

CAUSES OF INTESTINAL WALL 
THICKENING

Inflammatory bowel disease (Crohn’s or regional 
enteritis, ulcerative colitis)

Yersinia, Campylobacter ileocolitis
Colitis
Perforated appendicitis
Rotavirus
Cytomegalovirus (CMV) infection (AIDS)
Typhlitis
Chronic granulomatous disease
Eosinophilic enteritis
Hematoma (Henoch-Schönlein purpura, trauma)
Hemolytic uremic syndrome
Graft-versus-host disease
Intussusception
Lymphoma
Benign tumors
Tuberculosis (rare)
Celiac disease

Text continued on p. 1912
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FIGURE 55-24. Inflammatory disease: mucosal thickening. A, Pseudomembranous colitis. Mild mucosal thickening 
(arrow). B, Leukemia, complicated by typhlitis. Echogenic thickening of the cecum (arrows). C, Chronic granulomatous disease. Echo-
genic thickening of small bowel mucosa (arrows). D, Immunosuppressed transplant patient. Thick colonic mucosa (arrows). E, Hemo-
lytic uremic syndrome. Greatly thickened colonic mucosa. F, Rotavirus infection. Echogenic mucosal thickening (arrows).
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FIGURE 55-25. Inflammatory disease: transmural thickening. A, Regional enteritis. Hypoechoic thickening of the wall 
of the ileum (arrows) in a 13-year-old child. B, Same patient as A. An abscess was found nearby in the left lower quadrant (arrows). 
C, Regional enteritis. Hypoechoic thickening of the entire wall of the terminal ileum (arrows). D, Same patient as C. Narrowed lumen 
and a small fistula (arrow) on a contrast study. E, Colitis and severe pyelonephritis. Greatly thickened colonic wall (arrows).
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FIGURE 55-26. Henoch-Schönlein purpura. A, Slightly hypoechoic, circumferential wall thickening of a single intestinal loop 
(arrows), with a small amount of adjacent anechoic free fluid (F). Note the normal thin wall of the adjacent bowel loop. B, Intramural 
hemorrhage in a different patient, showing adjacent loops with echogenic wall thickening (arrows). C, Another child with echogenic, 
small bowel thickening caused by Henoch Schönlein purpura.
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FIGURE 55-27. Hemophilia. A, Intramural hemorrhage in an adolescent. Multiple loops of small bowel with echogenic wall thick-
ening (arrows). B, Upper GI series shows partial bowel obstruction and thick mucosal folds.

A B
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FIGURE 55-28. Graft-versus-host disease. Multiple thick-
walled small bowel loops. A thin echogenic layer on the superficial 
surface of the mucosa (arrows) represents characteristic fibrinous 
deposit.

FIGURE 55-29. Necrotizing enterocolitis. A, Mucosal and submucosal thickening (arrows). B, Intramural gas (pneumatosis 
intestinalis) creates an echogenic ring (arrows). C, Widespread echogenic bubbles of gas in the portal veins (arrows). D, Fluid with echo-
genic debris (F) lies adjacent to thick loops.
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measuring less than 6 mm in diameter (Fig. 55-30). 
When the appendix cannot be found sonographically, the 
study is generally considered indeterminate. However, 
the absence of other secondary findings of appendicitis 
proves to be useful information when clinical suspicion is 
low. Confidence in sonographic interpretation is a major 
limiting factor in the use of ultrasound for appendicitis 
that improves as one gains greater experience.

Sonographically, the acute, inflamed appendix appears 
as a blind-ending tubular structure that is noncompress-
ible and measures 6 mm or greater in diameter.113 Size 
of the appendix can vary significantly in patients with 
both normal and abnormal appendices, and the 6-mm 
criterion is more useful for excluding appendicitis than 
for confirming it.114 Demonstration of other, associated 
sonographic abnormalities improves confidence in the 
diagnosis. Fluid is often seen trapped within a non-
perforated appendix, and the surrounding echogenic 
mucosal layer and hypoechoic muscular layer of the 
appendiceal wall, combined with the central anechoic 
fluid, give the appendix a target appearance in cross 
section (Fig. 55-31). Fecaliths, even those not calcified, 
can often be identified, appearing as echogenic foci with 
pronounced posterior acoustic shadowing (Fig. 55-31, 
D). A small amount of fluid may be seen adjacent to the 
appendix, even in the absence of perforation. Mesenteric 
lymphadenopathy frequently accompanies appendicitis, 
but alone is a nonspecific finding seen with other types 
of abdominal inflammation115 (Fig. 55-32).

An advantage of sonography over other imaging 
modalities is the ability to correlate the pain of appendi-
citis with the imaging findings. Pinpoint tenderness with 
compression over the appendix is diagnostic in many 
children.113 In cases of perforated appendicitis, the 
appendix itself is often more difficult to identify than in 
acute nonperforated appendicitis.116 With perforation, 
the appendix becomes decompressed, and increasing 
intestinal gas from adynamic ileus and functional 
obstruction can interfere with the ultrasound examina-
tion (Fig. 55-33). Nevertheless, a careful, graded-
compression technique may allow detection of focal 
loops of paralyzed bowel in the right lower quadrant, or 
a complex fluid collection representing an abscess117 
(Fig. 55-33, C ). Loss of the normal echogenic submu-
cosal layer suggests a gangrenous appendix (Fig. 55-33, 
D), often associated with perforation.

The use of color Doppler sonography for appendicitis 
can be helpful in some cases. Studies suggest that color 
Doppler imaging not only facilitates the identification of 
the inflamed appendix and increases confidence in the 
diagnosis,117-119 but also provides clues to the presence of 
perforation. In acute nonperforated appendicitis the 
appendix itself is hypervascular (see Fig. 55-31, C ), but 
as necrosis progresses, the amount of flow within the 
appendix decreases. After perforation, increasing flow 
may be seen in the soft tissues surrounding the appendix, 
and an abdominal fluid collection with peripheral hyper-

through the perforation, but the sonographic demonstra-
tion of ascites with fluid-debris levels can suggest per-
foration in such patients104 (Fig. 55-29, D).

SONOGRAPHIC SIGNS OF 
NECROTIZING ENTEROCOLITIS

Thickened bowel loops
Echogenic foci caused by portal venous air
Echogenic ring of intramural pneumatosis
Pericholecystic hyperechogenicity
Increased flow in superior mesenteric artery and 

celiac artery
Ascites with fluid-debris levels if perforation 

occurred

Appendicitis

Sonography is now accepted as a highly accurate modal-
ity for the detection of appendicitis in children.105-108 
Sonography is especially useful in children with ambigu-
ous clinical findings,109,110 and when appendicitis is not 
found, ultrasound often can help to suggest or confirm 
an alternative diagnosis.111 In the end, the diagnostic 
approach to the acute abdomen remains a surgical man-
agement decision, but sonography is increasingly used to 
help diagnose appendicitis and to help manage postop-
erative complications.

SONOGRAPHIC SIGNS OF 
APPENDICITIS

Noncompressible, blind-ended, tubular structure
Diameter of tube ≥6 mm
Fluid trapped within nonperforated appendix
Target appearance of echogenic mucosa around 

fluid center surrounded by hypoechoic muscle
Fecalith: echogenic foci with pronounced posterior 

acoustic shadowing
Lymphadenopathy: nonspecific
Hypervascular appendix on color Doppler 

ultrasound
Gangrenous appendix: lack of flow on color 

Doppler ultrasound

Sonography of a child with acute abdominal pain is a 
procedure that requires patience and experience. The 
examination is facilitated by clinically localizing the pain, 
and even young children can help to guide the examina-
tion if asked to point with one finger to the site of maximal 
tenderness. Posterior manual compression may help to 
identify the appendix in patients whose appendix is not 
seen with graded-compression technique.112 The normal 
appendix can be visualized in a variable percentage of 
cases, depending on operator experience and amount  
of intestinal gas. The normal appendix is easily compress-
ible and smaller than the inflamed appendix, usually 
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emia is a fairly reliable indicator of abscess forma-
tion.118,119 It is important to remember that many 
inflammatory conditions of the intestine other than 
appendicitis may be associated with small amounts of 
free fluid surrounding the bowel loops. Therefore, 
small collections of fluid without other definitive evi-
dence of appendicitis should not necessarily suggest an 
appendiceal abscess.

Other inflammatory conditions in the right lower 
quadrant may resemble appendicitis clinically but may 
be identified sonographically. Mesenteric adenitis refers 

FIGURE 55-30. Normal appendix. Compression is critical to diagnosis. A, Fluid-filled but normal appendix (arrows). B, Another 
patient, with a nontender but slightly large appendix (arrows). C, Same patient as B. Appendix moves freely with peristalsis of adjacent 
bowel loops. D, In transverse section, this appendix measures 4.5 mm in diameter (arrows). E, With compression, the appendix in D 
decreases to 3 mm (arrows). F, Another normal appendix, with no intraluminal fluid, measuring 4 mm (arrows).
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SONOGRAPHIC SIGNS OF 
APPENDICEAL PERFORATION

Appendix difficult to find
Appendix decompressed
Focal loops of paralyzed bowel
Complex fluid collection in an abscess
Loss of normal, echogenic submucosal layer, 

suggesting gangrene
Decreased vascular flow with necrosis starts in 

center of appendix
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pression suggest the diagnosis,95 especially when a normal 
appendix is also seen. Mild mucosal thickening in the 
distal ileum is a common associated finding (Fig. 55-32). 
Isolated mesenteric lymph nodes are common and 
should not be considered abnormal. Omental infarc-

to inflammation confined to the mesenteric lymph nodes 
in patients with a normal appendix. The condition is 
often associated with viral infection and usually is self-
limited. Clusters of enlarged mesenteric lymph nodes 
that number more than five and are tender with com-

FIGURE 55-31. Acute appendicitis. A and B, Longitudinal and transverse scans show a distended, fluid-filled appendix (arrows) 
that measured 7 mm in diameter. C, Power Doppler imaging reveals hyperemia of the appendiceal wall. D, Echogenic fecalith with 
posterior shadowing (arrow) within a fluid-filled dilated appendix. E, Another dilated appendix (arrows), containing a large amount of 
fecal sludge.
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a well-defined, double-layered wall that consists of an 
inner echogenic mucosal layer and a thin, outer hypoechoic 
muscular layer (Fig. 55-35). These two layers are usually 
continuous throughout the cyst wall,124,125 helping to 
distinguish GI duplication cysts from other simple-walled 
cysts, such as mesenteric cysts or pseudocysts (Figs. 
55-36, D, and 55-35, E ). Occasionally, single-walled 
cysts appear to have a double-layered wall because of a 
fibrinous layer that can be deposited along the inner cyst 
wall after intracystic bleeding, but this is a relatively 
uncommon occurrence. Duplication cysts frequently 
contain foci of ectopic gastric mucosa, which can become 
inflamed and ulcerated. In such cases, intracystic hemor-
rhage may occur, and the resulting debris within the cystic 
fluid can cause the cyst to appear solid126 (Fig. 55-35, D). 
Some GI duplication cysts are pedunculated and there-
fore may be located at a site remote from the actual point 
of origin (Fig. 55-35, C ). Occasionally, active peristalsis 
of the cyst wall can be seen at real-time ultrasound.

tion is a less common cause of acute abdominal pain in 
children. Ultrasound may reveal a heterogeneous mass 
or a localized focus of increased echogenicity in the 
omentum, characteristically located between the anterior 
abdominal wall and the colon.120,121 Meckel’s diverticu-
lum may become torsed or inflamed and may resemble 
an inflamed appendix or a complex pelvic mass sono-
graphically122,123 (Fig. 55-34).

Gastrointestinal Neoplasms  
and Cysts

The superior ability of sonography to distinguish solid 
from cystic masses makes this examination an excellent 
choice for the diagnosis of the various types of cysts that 
can occur in the abdomen. The most common cysts asso-
ciated with the GI tract are mesenteric cysts and GI 
duplication cysts. Characteristically, gastrointestinal 
duplication cysts are filled with anechoic fluid and have 

FIGURE 55-32. Mesenteric adenitis. A, Enlarged lymph nodes in ileocecal region (arrows). B, Mild mucosal thickening in the 
terminal ileum (arrows). C, More proximal small bowel loop (arrows) shows normal-thickness mucosa and peristalsis.
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Sonography does not play a major role in the evalua-
tion of GI neoplasms, but masses or polyps may be 
identified in some cases when the bowel is filled with 
fluid.74,127 More often, intraluminal GI masses in children 
present with obstruction caused by intussusception. The 
mass that acts as a lead point for the intussusception may 
not always be sonographically discernible. Most solid 
tumors appear with a variably echogenic pattern and can 
not be reliably distinguished by their sonographic char-
acteristics.40,128-130 Lymphoma tends to be hypoechoic 
and may be associated with ulceration. The tumors most 
likely to appear predominantly cystic are teratomas and 
lymphangiomas.131-135 Abdominal lymphangiomas 
most frequently occur in the mesentery and can appear 
as solitary cysts or as multiloculated cystic masses135 (Fig. 
55-36, A). Gastrointestinal teratomas usually have large 
cystic components, but echogenic fat and calcifications 

FIGURE 55-33. Perforated appendicitis. Fluid collections are a key finding. A, Decompressed appendix (arrows) that measures 
5.9 mm in diameter. B, Same patient as A. Free fluid with debris in the right lower quadrant (arrows). C, In a different patient, the 
appendix was not found, but a heterogeneous, hypoechoic collection (arrows) was found in the right lower quadrant, representing an 
abscess. Note the echogenic fecalith (F). D, Enlarged, hypoechoic appendix with near-complete loss of the normal echogenic mucosal 
stripe (arrows), indicating a gangrenous appendix and likely perforation.
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FIGURE 55-34. Inflamed Meckel’s diverticulum 
(arrows). Transverse ultrasound of the right lower quadrant in 
a child with clinically suspected acute appendicitis.
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FIGURE 55-35. Intra-abdominal cysts. A, Ileal duplication cyst had a typical double-layered wall consisting of an inner echo-
genic mucosal layer and an outer hypoechoic muscular layer (arrows). B, Gastric duplication cyst with a thick, double-layered wall 
(arrows). C, Duodenal duplication cyst had an undulating, double-layered wall and extended above the diaphragm (arrows). Active 
peristalsis of the cyst wall was seen. D, Duodenal duplication cyst (arrows) filled with thick, proteinaceous fluid, giving a more solid 
appearance. Adjacent obstructed duodenum (D). E, Mesenteric cyst had only a single-layered wall (arrows).
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FIGURE 55-36. Cystic masses. A, Mesenteric lymphangioma with a multiloculated appearance (arrows). B, Teratoma. Large, 
multiloculated abdominal cyst also contained echogenic areas representing fat (arrows). C, MR image of teratoma shows fat within the 
cyst (arrow). D, Multiloculated cerebrospinal fluid pseudocyst (arrows) obstructing the peritoneal end of a VP shunt.
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are also often visible131,133,134 (Fig. 55-36, B and C ). 
Hemangiomas may involve the mesentery and are 
usually associated with hypervascularity and large feeding 
vessels (Fig. 55-37).

PANCREAS

Normal Anatomy and Technique

The pancreas is easily imaged in children and normally 
appears relatively generous in size compared to the pan-
creas of an adult. The normal echotexture of the pancreas 
in childhood is homogeneous and most often isoechoic 
or hyperechoic compared to the liver. The normal pan-
creatic duct is usually not visible sonographically, unless 
a high-resolution linear transducer is used.

Pancreatitis

Pancreatitis is less common in children than in adults and 
is more likely to be acute rather than chronic. The most 

common causes of acute pancreatitis in children include 
blunt abdominal trauma (including the battered child 
syndrome), viral infection, and drug toxicity. Regardless 
of the cause, sonographic findings are usually sparse unless 
a complicating pseudocyst arises. The most common 
abnormal sonographic finding is pancreatic enlargement, 
but a normal-sized pancreas does not exclude the diagno-
sis (Fig. 55-38). Decreased echogenicity of the pancreas 
can occur with pancreatitis,136,137 but this is a difficult 
finding to substantiate because of the variable echo-
genicity of the normal pancreas in children.137 Occasion-
ally, increased echogenicity of the pararenal space may be 
encountered, the result of lipolysis of normal fat by pan-
creatic enzymes that have leaked into the hepatorenal 
space.138 Peripancreatic fluid collections often accompany 
acute pancreatitis, but such collections are not considered 
pseudocysts until they become persistent and are sur-
rounded by a well-defined echogenic wall (Fig. 55-39). 
Many pancreatic pseudocysts are now treated conserva-
tively, and sonography is useful for following such patients 
to verify the spontaneous resolution of the fluid collec-
tion.139 When the pseudocyst does not adequately resolve, 
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FIGURE 55-37. Mesenteric hemangioma. A, Large echogenic mass involving the mesentery (arrows) in an infant with chronic 
GI bleeding. B, Color Doppler ultrasound shows numerous internal vessels.

A B

FIGURE 55-38. Pancreatitis. A, L-Asparaginase toxicity. Pancreas is enlarged and hypoechoic (arrows). B, Another child with pan-
creatic enlargement and pancreatitis (arrows). C, Chronic pancreatitis in a 7-year-old child with pancreas divisum shows atrophic pancreas 
and a dilated pancreatic duct (arrows).
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FIGURE 55-39. Pancreatic pseudocyst in battered 
child. Fluid collection (F) between the stomach and the focally 
enlarged pancreas (arrow).

FIGURE 55-40. Pancreatic masses. A, Papillary-cystic neoplasm of the pancreas. Large, heterogeneous but predominantly cystic 
mass in the tail of the pancreas (arrows). B, CT also shows the predominantly cystic nature of this large, well-defined tumor (arrows).

A B

sonography can be used to suggest suitability for percuta-
neous or endoscopic drainage.140,141

Chronic or recurrent pancreatitis in children is most 
likely caused by congenital abnormalities affecting the 
biliary tract (e.g., choledochal cysts, pancreas divisum 
anomaly, cystic fibrosis). With cystic fibrosis, precipita-
tion or coagulation of secretions in the small pancreatic 
ducts leads to ductal concretions and obstruction. Dis-
tention of the ducts and acini leads to degeneration and 
replacement by small cysts. This ductal obstruction, 
along with atrophy of glandular elements and ensuing 
fibrosis, creates increased echogenicity of the pancreas142-144 
(Fig. 55-38, C ). The gland is often small, and calcifica-

tions may be seen as punctate, echogenic foci within the 
hyperechoic pancreas. A similar appearance may be 
found in patients with hereditary autosomal dominant 
pancreatitis.145

Pancreatic Masses

Tumors of the pancreas are extremely uncommon in 
children. The most common primary neoplasms are the 
benign insulinoma and adenocarcinoma.146 Insulino-
mas are often difficult to detect sonographically, but 
intraoperative sonography has been used with more 
success. Carcinoma of the pancreas usually appears as 
an echogenic or complex pancreatic mass. Pancreato-
blastoma is a rare invasive tumor that is heterogeneous 
in texture, can encase vessels, and may metastasize 
widely.147-149 Cystic masses of the pancreas include 
lymphangioma, papillary-cystic neoplasm of the pan-
creas (Fig. 55-40), and the rare congenital pancreatic 
cyst.150,151

Diffuse echogenic enlargement of the pancreas can be 
seen with nesidioblastosis (Fig. 55-41, A). This is a 
tumorlike condition of the pancreas characterized by 
diffuse proliferation and persistence of primitive ductal 
epithelial cells. Nesidioblastosis is often associated with 
hypoglycemia and the Beckwith-Wiedemann syndrome. 
Diffusely increased echogenicity of the pancreas can  
also occur with fatty infiltration in the Shwachman-
Diamond syndrome (Fig. 55-41, B), but in this condi-
tion the pancreas usually remains normal in size. Rarely, 
other types of tumors, such as in leukemia,152 can infil-
trate and enlarge the pancreas.
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SONOGRAPHIC TECHNIQUE

High-resolution, real-time, duplex color Doppler sonog-
raphy has emerged as the modality of choice for the 
evaluation of the pelvis in infants, children, and adoles-
cents. Using the distended bladder as an acoustic window, 
the lower urinary tract, uterus, adnexa, prostate gland, 
seminal vesicles, and pelvic musculature and vessels can 
be easily evaluated.1-6

Depending on the size of the child, a 5-2, 9-4,  
or 8-5 MHz real-time curvilinear broad-bandwidth or 
sector scanhead is used to obtain scans, usually in the 
transverse and sagittal planes. Linear probe technology is 
useful for evaluation of the bowel, peritoneum, perineum, 
and superficial lesions using a 12-5 MHz, a 17-5 MHz, 
or the 15-7io (“hockey stick”) broad-bandwidth probes.

Patients should be well hydrated before pelvic sonog-
raphy so that the bladder will be optimally filled. In 
infants and young children who are unable to maintain 
a full bladder despite drinking clear liquids, it may be 
necessary to catheterize and fill the bladder with sterile 
water through a 5- or 8-French feeding tube, although 
this is rarely necessary. The use of sterile water as a con-
trast agent to outline the vagina (hydrosonovaginogra-
phy) (Fig. 56-1), rectum (water enema)7,8 (Fig. 56-2), or 
urogenital sinus may be very helpful in the evaluation of 

the pediatric patient with a pelvic mass or complex con-
genital anomalies of the genitourinary tract. Meticulous 
real-time scanning is essential because these structures 
are filled in a retrograde manner. When transabdominal 
sonography provides suboptimal images in mature, sexu-
ally active teenage girls, endovaginal ultrasound can 
provide higher resolution with more detailed sonograms, 
thus aiding in the elucidation of the origin and charac-
teristics of pelvic masses and complex adnexal lesions.9

The wall of the urinary bladder should be smooth  
in a distended state, with the wall thickness not greater 
than 3 mm during bladder distention, with a mean of 
1.5 mm.10 The wall should not be greater than 5 mm 
thick with the bladder empty or partially distended. In 
the nondistended state the internal aspect of the bladder 
wall generally appears slightly irregular sonographically. 
A urachal remnant may be visualized on sonography, 
as a structure of variable form and size, lying ventral  
to the peritoneum and situated between the umbilicus 
and the apex of the urinary bladder.11 The distal ureters, 
with the exception of the submucosal intravesical portion, 
are not usually visualized unless abnormally dilated.12 
The trigone, however, is easily demonstrated (Fig. 56-3). 
The bladder neck and urethra can be demonstrated in 
both males and females by angling the transducer infe-
riorly13 (Fig. 56-4). If a urethral abnormality is noted on 
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Uterus

H2O Vagina

H2O  Vaginogram  SAG

Tip of
Foley

A H2O  Vaginogram  TRVB

Uterus

H2O  Vaginogram  SAGC

FIGURE 56-2. Water enema technique in 5-year-
old boy with appendiceal abscess. Sagittal sonogram 
shows a small, hypoechoic fluid collection (arrows) located poste-
rior to the bladder and anterior to the water-filled rectum.

Rectum

Rectum

Rectum

Bladder

FIGURE 56-3. Normal trigone. With meticulous scan-
ning, it is possible to identify the trigone (arrows) in pediatric 
patients.

FIGURE 56-1. Normal hydrosono-
vaginography in prepubertal 
female with prior vaginal rhab-
domyosarcoma. A, Sagittal sonogram 
obtained during early filling of the vagina 
with sterile water. The water was hand-
injected through a Foley catheter with the 
balloon inflated outside the vaginal introi-
tus to prevent leakage. B and C, Transverse 
and sagittal sonograms, when the vaginal 
vault is well distended, show that the uterus 
is normal in size, echotexture, and configu-
ration for a prepubertal female. The bright 
speckles within the water are caused by air.
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FIGURE 56-4. Normal urethras. A, Normal female urethra. Using bladder (B) as an acoustic window, urethra (arrow) may be seen. 
B, Voiding sonourethrography in a female. Using a sagittal suprapubic approach during voiding, the female urethra can be seen as a fluid-
distended structure. C, Normal posterior urethra in young male child. Transverse scan through moderately distended bladder (B) shows 
posterior urethra (white arrow) and prostate gland (black arrowheads) surrounding the urethra. D and E, Voiding sonourethrography in a 
male. Sagittal scan demonstrating normal-appearing penile urethra in D, and the normal-appearing, most distal urethra at the fossa 
navicularis in the glans of the penis. (C from Rosenberg HK. Sonography of the pediatric urinary tract. In Bush WH, editor: urologic imaging 
and interventional techniques. Baltimore, 1989, Urban & Schwarzenberg, pp 164-179.)

A

D E

B

B

Urethra
Urethra

PENIS SAG VOIDINGPENIS SAG VOIDING

B

C

suprapubic imaging, scans through the perineum or 
transrectally can confirm these findings using a different 
imaging plane.14

Hydrosonourethrography may be used to detect 
anterior urethral abnormalities (strictures, calculi, ante-
rior or posterior urethral valves, foreign bodies, bladder 
neck dyssynergia, diverticula, trauma) by scanning the 
penis with a linear array transducer during real-time 
observation during voiding or during a retrograde hand 
injection of saline into the urethra.15 Postvoid scanning 
of the bladder can provide information about bladder 
function, differentiate the bladder from cystic masses or 
fluid collections in the pelvis, and evaluate the degree of 
drainage from dilated upper urinary tracts. When chil-
dren cannot void, films taken after a Credé maneuver or 
catheterization indicate the effectiveness of these bladder-
emptying procedures. We measure the postvoid residual 
of the bladder using the following formula: 

Length Width Depth in cm Volume in mL× × ( ) ÷ = ( )2

NORMAL FEMALE ANATOMY

The Uterus

The uterus and ovaries undergo a series of changes  
in size and configuration during normal growth and 

development.13 The newborn female uterus is promi-
nent and thickened with a brightly echogenic endome-
trial lining caused by in utero hormonal stimulation16 
(Fig. 56-5). The uterine configuration is spade shaped, 
and the length is approximately 3.5 cm, with a fundus-
to-cervix ratio of 1:2. At 2 to 3 months of age, the 
prepubertal uterus regresses to a smaller size and flat 
configuration (Fig. 56-6), with the length measuring 2.5 
to 3 cm, the fundus/cervix ratio 1:1, and the endometrial 
stripe (when seen) appears as thin as a pencil line. This 
tubular uterine configuration is maintained until puberty. 
The postpubertal uterine length gradually increases to 
5 to 7 cm, and the fundus/cervix ratio becomes 3:1 
(Table 56-1).13,16 The echogenicity and thickness of the 
endometrial lining then varies according to the phase of 
the menstrual cycle, as in adult women. The uterus is 
supplied by bilateral uterine arteries, which are branches 
of the internal iliac arteries. Color flow Doppler imaging 
generally demonstrates flow in the myometrium, with 
little or no flow in the endometrium.15

The Vagina

In children, digital and visual examination of the vagina 
is difficult. Often, physical examination of the vagina is 
performed under general anesthesia. High-resolution, 
real-time sonography can now obviate this need in many 
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TABLE 56-1. PEDIATRIC UTERINE 
MEASUREMENTS

AGE UTERINE LENGTH
FUNDUS-TO-CERVIX 

RATIO

Newborn 3.5 cm 1:2
Prepubertal* 2.5-3 cm 1:1
Postpubertal 5-8 cm 3:1

From Comstock CH, Boal DK. Pelvic sonography of the pediatric patient. Semin 
Ultrasound 1984;5:54-67; Rosenberg HK. Sonography of the pediatric urinary 
tract. In Bush WH, editor. Urologic imaging and interventional techniques. 
Baltimore, 1989, Urban & Schwarzenberg, pp 164-179.

*Beginning at age 2 to 3 months.

FIGURE 56-5. Normal newborn uterus. Sagittal view 
shows that ratio of fundus to cervix is 1:2 for length, and the 
somewhat thick endometrial lining is prominently echogenic as a 
result of in utero hormonal stimulation (arrowheads).

Bladder

Fundus

Cervix

FIGURE 56-6. Normal prepubertal uterus in 2-year-
old girl. Sagittal sonogram through the bladder demonstrates a 
fundus/cervix ratio of 1:1 and shows a pencil-line thin, unstimu-
lated endometrial stripe (arrowheads).

cases. In the infant or young girl presenting with an 
interlabial mass, sonography in conjunction with other 
imaging modalities can usually determine the cause. The 
vagina is best visualized on midline longitudinal scans 
through the distended bladder. It appears as a long, 
tubular structure in continuity with the uterine cervix. 
The apposed mucosal surfaces cause a long, bright, 
slender, central linear echo. Hydrosonovaginography 
under real-time sonography guidance can provide addi-
tional information about vaginal patency or confirm the 
presence or absence of a vaginal mass.

The Ovary

Sonographic visualization of the ovaries in children can 
vary, depending on their location, size, and the age of 
the patient (Fig. 56-7). Because of a generally long 
pedicle and a small pelvis, the neonatal ovaries may be 
found anywhere between the lower pole of the kidneys 
and the true pelvis (Fig. 56-8). Ovarian size is most 
reproducible and best described by measurement of the 
ovarian volume, which is calculated by a simplified 
prolate ellipse formula, as follows17: 

Length Depth Width in cm
Volume in mL

× × ( )×
= ( )

0 523.

The mean ovarian volume in neonates and girls less 
than 6 years of age is usually 1 mL or less.18 Ovarian 
volume gradually begins to increase at about age 6 years. 
The mean ovarian volume measurement in premenar-
chal girls between ages 6 and 11 years ranges between 
1.2 and 2.5 mL (Table 56-2). There is marked enlarge-
ment in ovarian size after puberty; thus ovarian sizes in 
menstruating females in late childhood will be larger 
than their premenarchal counterparts. Cohen et al.19 
reported a mean ovarian volume of 9.8 mL, with a 95% 
confidence interval between 2.5 and 21.9 mL, in men-
struating females.

Beginning in the neonatal period, the appearance of 
the typical ovary is heterogeneous secondary to small 
cysts. Cohen et al.18 reported observing ovarian cysts in 
84% of children 1 day to 2 years of age and 68% of 
children 2 to 12 years of age. Macrocysts (>9 mm) were 
more frequently seen in the ovaries of girls in their first 
year of life compared with those in their second year. 
This probably accounts for the larger mean and top-
normal ovarian volume measurements obtained in girls 
up to 3 months of age (mean ovarian volume, 1.06 mL; 
range, 0.7-3.6 mL) versus those 13 to 24 months of age 
(mean ovarian volume, 0.67 mL; range, 0.1-1.7 mL). 
These findings probably result from the higher residual 
maternal hormone level in younger infants. Orbak 
et al.20 concluded that ovarian volume was reduced in 
newborns with relatively low birth weight and intrauter-
ine growth restriction, and that functional cysts were 
more prevalent among low-birth-weight girls. We suggest 
that small ovaries and ovarian dysfunction may have a 
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prenatal origin, and further studies on normal and 
growth-restricted newborns are needed.

The blood supply of the ovary is dual, arising from 
the ovarian artery, which originates directly from the 
aorta, and from the uterine artery, which supplies an 
adnexal branch to each ovary. Blood flow can be seen in 
90% of the adolescent ovary, but Doppler imaging 
cannot distinguish between the two blood supplies. 
Typically, on color flow Doppler imaging, the intraovar-
ian arteries appear as short, straight branches located 
centrally within the normal ovary.21

FIGURE 56-7. Normal ovary in 2-year-old child. A and B, Transverse and sagittal views of the ovary. Note that small follicles 
are normal in the prepubertal ovary and can be easily visualized with high-resolution technology.

Bladder

A B

Bladder

FIGURE 56-8. Ectopic ovary. Ectopic ovary in 18-year-old 
female with cyclic right upper quadrant pain thought to be caused 
by recurrent “gallbladder attacks.” The liver and gallbladder were 
normal (not shown). The ectopic right ovary (cursors) is just below 
the inferior edge of the right lobe of the liver (L).

L

OVARIAN ABNORMALITIES

Ovarian Cysts

Since the advent of sonography, simple ovarian cysts in 
children have been found to be more common than previ-
ously reported.22 Small cysts (1-7 mm) have been detected 

TABLE 56-2. PEDIATRIC OVARIAN 
VOLUME MEASUREMENTS

AGE
MEAN OVARIAN VOLUME

mL (±SD)

Premenarchal
0-5 yr ≤1 mL
 1 day to 3 mo 1.06 (±0.96)
 4-12 mo 1.05 (±0.67)
 13-24 mo 0.67 (±0.35)
 3 yr 0.7 (±0.4)
 4 yr 0.8 (±0.4)
 5 yr 0.9 (±0.02)
6-8 yr 1.2 mL
 6 yr 1.2 (±0.4)
 7 yr 1.3 (±0.6)
 8 yr 1.1 (±0.5)
9-10 yr* 2.1 mL
 9 yr 2.0 (±0.8)
 10 yr 2.2 (±0.7)
11 yr* 2.5 mL (±1.3)
 12 yr* 3.8 mL (±1.4)
 13 yr* 4.2 mL (±2.3)

Menstrual
9.8 mL (±5.8)

From Rosenberg HK. Sonography of the pediatric urinary tract. In Bush WH, 
editor. Urologic imaging and interventional techniques. Baltimore, 1989, Urban & 
Schwarzenberg, pp 164-179; and Cohen HL, Shapiro MA, Mandel FS, Shapiro 
ML. Normal ovaries in neonates and infants: a sonographic study of 77 patients 1 
day to 24 months old. AJR Am J Roentgenol 1993;160:583-586.

*Note that these measurements may differ, depending on degree of maturation 
and presence of menarche.
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Complications: Torsion,  
Hemorrhage, Rupture

Most ovarian cysts are asymptomatic. Symptoms of 
pain, tenderness, nausea, vomiting, and low-grade fever 
usually indicate complications of torsion, hemorrhage, 
or rupture. Torsion can occur in normal ovaries but it 
is more often caused by an ovarian cyst or tumor. In 
children, torsion of the normal ovary can occur because 
the fallopian tube is relatively long and the ovary is more 
mobile. The typical presentation is acute onset of acute 
lower abdominal pain, often associated with nausea, 
vomiting, and leukocytosis. Torsion of normal adnexa 
usually occurs in prepubertal girls and is thought to be 
related to excessive mobility of the adnexa, allowing 
torsion at the mesosalpinx with changes in intra-
abdominal pressure or body position. Torsion of the 
ovary and fallopian tube results from partial or com-
plete rotation of the ovary on its vascular pedicle. This 
results in compromise of arterial and venous flow, con-
gestion of the ovarian parenchyma, and, ultimately, 
hemorrhagic infarction.26 The sonographic findings in 
acute ovarian torsion are often nonspecific and include 
ovarian enlargement, fluid in the cul-de-sac, and other 
adnexal pathologic findings, such as cyst or tumor (Fig. 
56-11). A predominantly cystic or complex adnexal 
mass with a fluid-debris level or septa correlates with 
pathologic evidence of ovarian hemorrhage or infarc-
tion. In 28 of 32 patients, Lee et al.27 showed that 
ultrasound could demonstrate preoperatively the  
twisted vascular pedicle in surgically proven torsion, 
giving a diagnostic accuracy of 87%. This appeared  
as a round, hyperechoic structure with multiple concen-
tric hypoechoic stripes (target appearance), as a beaked 

on sonograms in the third-trimester fetus and the neonate 
and are secondary to maternal and placental chorionic 
gonadotropin. There is a higher incidence of larger 
ovarian cysts in infants of mothers with toxemia, diabetes, 
and Rh isoimmunization, all of which are associated with 
a greater-than-normal release of placental chorionic 
gonadotropin.23 Large ovarian cysts in the fetus can cause 
mechanical complications during vaginal delivery. As a 
result of the small size of the true pelvis in infants and 
young children, ovarian cysts are often intra-abdominal 
in location and must be differentiated from mesenteric 
or omental cysts, gastrointestinal duplication cysts,24 
and urachal cysts. Ovarian cysts are associated with 
cystic fibrosis, congenital juvenile hypothyroidism,25 
McCune-Albright syndrome (fibrous dysplasia and 
patchy cutaneous pigmentation), and peripheral sexual 
precocity. Autonomously functioning ovarian cysts can 
cause precocious pseudopuberty.

Although neonatal ovarian cysts were surgically 
removed in the past, spontaneous resolution of some 
cysts has been demonstrated on sonography23 (Fig. 
56-9). When a follicle continues to grow after failed 
ovulation or when it does not collapse after ovulation, 
follicular and corpus luteal cysts may result. Most fol-
licular cysts are unilocular, contain clear serous fluid, 
and range in size between 3 and 20 cm. Corpus luteal 
cysts can contain serous or hemorrhagic fluid and gener-
ally range in size from 5 to 11 cm. Theca lutein cysts 
are thought to represent hyperstimulated follicles caused 
by gestational trophoblastic disease or a complication of 
drug therapy to stimulate ovulation. Rarely, parovarian 
cysts are diagnosed in childhood (Fig. 56-10). They are 
of mesothelial or paramesonephric origin and arise in the 
broad ligament or fallopian tubes.

FIGURE 56-9. Ovarian cysts in newborn girl. A, Right ovary. B, Left ovary. Cysts presented as a lower abdominopelvic mass. 
Multiple anechoic cystic areas with septations are noted in ovaries bilaterally (arrows). Ovarian cysts were believed to be secondary to in 
utero hormonal stimulation. Follow-up studies showed complete regression. B, Bladder.
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FIGURE 56-10. Ovarian cysts in teenager. A and B, Sonograms demonstrate a simple cyst within the right ovary. In addition, 
a simple paraovarian cyst is demonstrated in B.

RT Ovary Sag

Ovarian
cyst
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RT Adnexa Sag

FIGURE 56-11. Ovarian torsion. A, Sagittal sonogram in 9-year-old girl with right lower quadrant pain demonstrates a greatly 
enlarged avascular right ovary that contains multiple, variably sized cysts. The ovary was easily untwisted at surgery and immediately 
regained normal color. B, Ovarian torsion complicating an ovarian cyst in a 16-year-old girl with pelvic pain. Transverse view of the pelvis 
shows the large anterior ovarian cyst (C) compressing the bladder (B) (surgical proof of torsion). No ovarian parenchymal tissue was seen 
sonographically; U, Uterus. C, Infarcted, encysted, ovarian torsion in a 6-day-old girl with an abdominal mass. Sonogram of the right 
lower abdomen and pelvis demonstrates an oval-shaped, complex structure within a larger cystic mass (C). D, Sagittal view shows infarcted, 
encysted, torsed right ovary in newborn with cystic mass noted on prenatal sonogram. A fluid-debris level is noted within the cyst (arrows). 
E, Transverse left decubitus scan shows encysted right ovary (arrows) embedded in the wall of the cyst.
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structure with concentric hypoechoic stripes, or as an 
ellipsoid or tubular structure with internal heteroge-
neous echoes. Concentric hypoechoic intrapedicular 
structures could be identified as vascular structures by 
color Doppler sonography (“whirlpool sign”). The 
absence of flow at color Doppler ultrasound is not a 
reliable diagnostic criterion because peripheral (or even 
central) arterial flow can be seen in surgically proven 
twisted ovaries. This may be explained by the duality of 
the ovarian arterial perfusion.28 The demonstration of 
multiple follicles (8-12 mm in size) in the cortical or 
peripheral portion of a unilaterally enlarged ovary 
has been reported as a specific sonographic sign of 
torsion.29-31 These cystic changes occur in up to 74% 
of twisted ovaries and are attributed to transudation of 
fluid into follicles secondary to vascular congestion. At 
times, isolated fallopian tube torsion occurs in perimen-
archeal girls who present with acute pelvic pain and 
demonstrate a cystic mass in a midline position (either 
in the cul-de-sac or superior to the uterus) associated 
with a normal ipsilateral ovary.32

Hemorrhagic ovarian cysts occur in adolescents and 
have a variety of sonographic patterns caused by internal 
blood clot formation and lysis (Fig. 56-12). The most 
common appearance is a heterogeneous mass, which is 
predominantly anechoic, containing hypoechoic mate-
rial. Less often, hemorrhagic ovarian cysts are homoge-
neous, either hypoechoic or hyperechoic. Almost all 
hemorrhagic cysts (92%) have increased sound through-
transmission, indicating the cystic nature of the lesion. 
Additional sonographic features include a thick wall 
(e.g., 4 mm), septations, and fluid in the cul-de-sac. 
Although the sonographic findings are nonspecific, the 
changing appearance of hemorrhagic ovarian cysts over 
time, as a result of clot lysis, can help establish the diag-
nosis.33 In some cases the diagnosis can be confused 
with appendiceal abscess, dermoid cyst, or teratoma. 
Rarely, pelvic varices can masquerade as a multiseptated 
cystic mass (Fig. 56-13).

Polycystic Ovarian Disease 
(Stein-Leventhal)

The primary clinical manifestations of polycystic ovarian 
disease (polycystic ovary syndrome, Stein-Leventhal syn-

drome) are hirsutism and irregular menstrual bleeding 
caused by excess ovarian androgens and chronic anovula-
tion.34 These features emerge late in puberty or shortly 
thereafter. In patients with obesity or insulin resistance, 
the severity of the presentation is amplified. The evolu-
tion of this condition during early adolescence is not well 
understood, but it appears that abnormal activation of 
the hypothalamic-pituitary-ovarian-adrenal axis occurs, 
accompanied by specific morphologic changes in the 
ovaries.34 The ovaries are bilaterally rounded and enlarged 
in 70% of affected patients, with mean ovarian volume 
of 14 mL. Follicle-stimulating hormone (FSH) levels are 
decreased, whereas luteinizing hormone (LH) levels are 
elevated. Sonography shows increased numbers of devel-
oping follicles, seen as multiple small cysts (0.5-0.8 cm 
in diameter) throughout the ovaries, in about 40% of 
patients, although maturing follicles are rare (Fig. 56-14). 
Long-term follow-up is important in these patients 
because of the increased incidence of endometrial 
carcinoma from long-term unopposed estrogen.35 
Dolz et al.36 conducted a three-dimensional (3-D) 
sonographic evaluation of the size and structure of the 
ovaries of women who had clinical and biochemical  
findings suggestive of polycystic ovary syndrome and a 
comparative color Doppler flow (frequency) and power 
Doppler (amplitude) study of the vascular patterns of 
these ovaries. Compared to controls, these women had 
larger ovaries and thicker stroma, increased impedance 
in the uterine arteries, increased stromal vascularity with 
decreased impedance that persisted throughout the men-
strual cycle, and a lack of luteal conversion.

Massive Ovarian Edema

Massive edema of the ovary is manifested by marked 
enlargement of the affected ovary caused by accumula-
tion of edema fluid in the stroma, separating normal 
follicular structures (Fig. 56-15). It is thought to result 
from partial or intermittent torsion that interferes with 
venous and lymphatic drainage. It affects patients during 
their second to third decade of life and presents with 
acute abdominal pain, palpable adnexal mass, menstrual 
disturbances at times, masculinization, and Meigs’ syn-
drome. Two thirds of patients have right-sided ovarian 

ACUTE OVARIAN TORSION: 
SONOGRAPHIC FINDINGS

Ovarian enlargement
Fluid in cul-de-sac
Adnexal mass (ovarian hemorrhage or infarction)
Cystic or complex
Fluid-debris level
Septated
Peripheral, multiple follicles

OVARIAN MASSES IN CHILDREN

Benign ovarian teratomas (almost 60%)
Dysgerminoma
Embryonal carcinoma
Endodermal sinus tumor
Epithelial tumors of ovary (postpuberty)
Granulosa theca cell tumor (precocious puberty)
Arrhenoblastoma (rare, virilizing)
Gonadoblastoma (in dysplastic gonads, e.g., 

Turner’s syndrome)
Acute leukemia
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ultimately edema. The sonographic features of ovarian 
edema include a solid, hypoechoic mass, enhanced 
through-transmission, and cystic follicles within the 
lesion.37,38 The masculinization is thought to be caused 
by stromal luteinization that results from mechanical 
stretching of the stromal cells by the edema fluid. In 
addition, human chorionic gonadotropin–like substance 
may accumulate in edema fluid and promote luteiniza-
tion, and level of 17-ketosteroids may be increased.

edema, thought to be related to high pressure in the right 
ovarian vein caused by direct drainage into the inferior 
vena cava (IVC) or increased pressure secondary to 
uterine dextroposition. The ovaries may be massively 
enlarged, with diameter up to 35 cm. Grossly, the exter-
nal surface is soft and pearly white and appears similar 
to fibromatosis, a condition likely to occur in young 
women (up to 25 years of age) in which primary prolif-
eration of the ovarian stroma may result in torsion and 

FIGURE 56-12. Hemorrhagic ovarian cysts in four teenagers with left pelvic pain: spectrum of appear-
ances. A, Transverse view of the pelvis reveals a large, round cystic mass within the ovary (arrows, ovary) that contains a fluid-debris 
level representing a hemorrhagic cyst. B, Transabdominal sagittal sonogram shows enlargement of the left ovary with a rim of ovary sur-
rounding a cyst that contains multiple, echogenic, streaky densities; B, bladder. C, Endovaginal sonography of the cyst confirms the 
presence of surrounding ovarian tissue and the heterogeneous appearance of the contained fluid. D and E, Transvaginal sonograms of the 
left ovary demonstrate jagged pseudosolid material within the clearly defined cyst.
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of germ cell tumors in childhood are benign teratomas. 
However, there is a higher incidence of malignancy in 
younger patients. In girls younger than 10 years, 84% of 
ovarian germ cell tumors are malignant. The presence of 
ascites suggests malignancy.

Benign teratomas have a wide spectrum of sono-
graphic characteristics (Fig. 56-16). Teratomas may be 
predominantly cystic, with or without a mural nodule. 
Solid masses and complex lesions with fat-fluid levels, 
hair-fluid levels, and calcification have been described.40 
Cystic teratomas are usually freely mobile on a pedicle; 

FIGURE 56-13. Pelvic varices mimicking a multiseptated ovarian cyst. Young woman with chronic liver disease and 
portal hypertension. A, Transverse sonogram of pelvis shows a multiseptated left adnexal mass; B, bladder; U, uterus. B, Transverse color 
Doppler sonography of pelvis clearly demonstrates the vascular nature of the lesion. Pulsed Doppler showed venous waveforms (not shown).
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FIGURE 56-14. Polycystic ovarian disease: Stein-
Leventhal syndrome. Sagittal sonogram of the left ovary in 
21-year-old woman with secondary amenorrhea, obesity, and hir-
sutism. The ovary is round and contains multiple peripheral cysts 
(“string of pearls”), each of which measures greater than 5 mm.

Ovarian Neoplasms

Ovarian neoplasms account for 1% of all childhood 
tumors, and 10% to 30% of these are malignant. These 
neoplasms may develop at any age but most frequently 
occur at puberty. Abdominal pain or a palpable abdominal 
or pelvic mass is the usual presenting symptom. Symptoms 
may develop as a result of torsion or hemorrhage into the 
tumor. Ovarian torsion is more common in adolescents 
than in adults; however, ascites is less common in girls.39

Primary ovarian tumors can be classified into three 
types of cell origins: germ cells, epithelial cells, and 
stromal cells. In children, 60% of primary ovarian 
tumors are of germ cell origin, in contrast to adults, in 
whom 90% are epithelial in origin. About 75% to 95% 

FIGURE 56-15. Ovarian edema. Massive ovarian edema 
in a 13-year-old girl with masculinization and intermittent pelvic 
and abdominal pain. Sagittal sonographic image demonstrates a 
large, heterogeneous, primarily hypoechoic mass posterior and 
separate from the uterus. This mass contains marked sound 
through-transmission and multiple tiny follicles (arrows). Calipers, 
Endometrial stripe. (Case courtesy Marilyn Goske, MD.)
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is rare but may result in virilization. Gonadoblastoma 
is composed of germ cells admixed with sex cell and 
stromal elements and usually arises in dysplastic gonads. 
Bilateral involvement occurs in one third of cases, and 
50% contain dysgerminoma elements.

In leukemic infiltration, the ovaries, as well as the 
testes and central nervous system, are sanctuary sites for 
acute leukemia. Ovarian involvement in autopsy series 
ranges from 11% to 50%. In leukemia with ovarian 
relapse, most patients present with large, hypoechoic, 
pelvic masses with smooth, lobulated margins. The tumor 
can infiltrate the pelvic organs and bowel loops to such a 
degree that the uterus and ovaries cannot be separately 
identified. Secondary hydronephrosis may develop. 
Bickers et al.44 suggest that pelvic sonography should be 
used to monitor and detect early leukemic relapse in the 
ovaries of children in clinical remission. The ovaries may 
also be a site for metastatic spread from neuroblastoma, 
lymphoma, and colon carcinoma. The tumors rarely 
grow large enough to produce a mass and are usually 
asymptomatic. Typically, the secondary neoplasms appear 
on sonography as enlargement of one or both ovaries, 
which are hypoechoic or hyperechoic to the uterus. Less 
often, a discrete solid or complex mass is seen.

It was originally thought that Doppler sonography 
would serve to differentiate between benign and malig-
nant ovarian masses. In adolescents and adult women, 
malignant ovarian tumors generally have central, low-
resistance arterial Doppler waveforms (RI [resistive 
index] <0.4, or PI [pulsatility index] <1.0), thought to 
be caused by a relative paucity of a muscular layer in the 
neoplastic vessels,45 thereby limiting the specificity of 
Doppler imaging.46 Benign ovarian masses tend to have 
peripheral, high-resistance flow (RI or PI >1.0). However, 
nonneoplastic lesions (e.g., tubo-ovarian abscess, ectopic 
pregnancy, functioning corpus luteum) also have low-
resistance flow, and some malignant tumors show high-
resistance flow.

FIGURE 56-16. Benign ovarian teratomas. A, Transverse sonogram of pelvis in 6-year-old girl with constipation and large 
abdominal mass revealed very large, complex mass filling pelvis and lower two thirds of abdomen, containing multiple shadowing, echo-
genic foci (arrows) consistent with calcifications. B, Midline sonogram in a 12-year-old girl with right lower quadrant pelvic pain dem-
onstrates a complex, primarily cystic mass that contains a small area of shadowing calcification in the dermal plug. C, Young girl presented 
with a history of urinary tract infection. A mass effect was noted effacing her bladder during an outside voiding cystourethrography. 
Sonography at our institution demonstrated a complex, round, primarily brightly echoic mass with smaller, hypoechoic cystic areas. A 
large fatty component was noted at surgery.
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10% are bilateral, and 90% are less than 15 cm in 
diameter.41

Dysgerminoma is the most common malignant 
germ cell tumor of the ovary in childhood. This  
tumor frequently occurs before puberty, and 10% are 
bilateral. The tumor is usually a large, solid, encapsu-
lated, rapidly growing mass containing hypoechoic areas 
as a result of hemorrhage, necrosis, and cystic degenera-
tion. Retroperitoneal lymph node metastases may occur. 
Dysgerminoma is more radiosensitive than the other 
malignant ovarian tumors.

Embryonal carcinoma and endodermal sinus 
tumors are less common malignant germ cell tumors. 
Choriocarcinoma is rare in children. All these are 
rapidly growing, highly malignant, solid neoplasms. 
Embryonal carcinoma is often associated with abnormal 
hormonal stimulation. All these tumors tend to spread 
by direct extension to the opposite adnexa and retroperi-
toneal lymph nodes. Peritoneal seeding and hematoge-
nous metastases to liver, lung, bone, and mediastinum 
are common. Molar pregnancy may occur in teenage 
patients (Fig. 56-17).

Epithelial tumors of the ovary, which include serous 
and mucinous cystadenoma or cystadenocarcinoma, 
represent 20% of ovarian tumors in children.42 Epithelial 
lesions are rare before puberty. On sonography, they  
are predominantly cystic masses with septa of variable 
thickness. It is often difficult to differentiate benign  
from malignant and serous from mucinous cystadeno-
mas or cystadenocarcinomas based only on sonographic 
criteria.

Granulosa theca cell tumor is the most common 
stromal tumor in children. It is often associated with 
feminizing effects and precocious puberty as a result of 
estrogen production. Of these tumors, 10% are bilateral; 
only 3% are malignant. Sonographic appearance is non-
specific, and these tend to be predominantly solid 
tumors.43 Arrhenoblastoma (Sertoli-Leydig cell tumor) 
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UTERINE AND VAGINAL 
ABNORMALITIES

Congenital Anomalies

Congenital anomalies of the uterus and vagina in chil-
dren are uncommon and usually present as an abdominal 
or pelvic mass secondary to obstruction (Fig. 56-18). 
There is a high incidence of associated renal anomalies 
(50%) and an increased incidence of skeletal anomalies 
(12%).47 The uterus, cervix, and upper two thirds of the 
vagina are formed by the fused caudal ends of the mül-
lerian (paramesonephric) duct. The paired fallopian 
tubes are formed by the unfused upper ends. The lower 
third of the vagina is derived from the urogenital sinus. 
Müllerian duct development into the uterus is depen-
dent on the formation of the wolffian (mesonephric) 
duct. Therefore, abnormal development of the müllerian 
duct, resulting in uterine and vaginal anomalies, is often 
associated with renal anomalies.48,49

The bicornuate uterus is the most common congeni-
tal uterine anomaly. It results when the two müllerian 
ducts fuse only inferiorly50 (Fig. 56-19). The two sepa-
rate uterine horns, which are joined at a variable level 
above the cervix, are best demonstrated on transverse 
sonograms through the superior portion of the uterus. 
Only one cervix and vagina are identified. With com-
plete duplication of the müllerian ducts, there is a 
septated vagina and duplicated cervix and uterus. In 
either anomaly, obstruction of one uterine horn can 
result in a pelvic mass from unilateral hydrometra or 
hematometra. Other septation anomalies of the uterus 
can result from incomplete involution of the midline 
septum between the paired müllerian ducts. A unicor-
nuate uterus is formed from the agenesis of one mül-
lerian duct.51 In utero exposure to diethylstilbestrol 

FIGURE 56-17. Molar pregnancy in 20-year-old patient with vaginal bleeding and abdominal pain. A and 
B, Sagittal and transverse sonograms of the uterus demonstrate a 17.4 × 15.3 × 7.2–cm complex, mainly solid mass, throughout the uterus 
with the exception of the distal end of the cervix, which is characterized by diffuse heterogeneity from a myriad of tiny cystic spaces. The 
mass is hypovascular and does not contain calcifications.
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FIGURE 56-18. Uterine anomalies. (From Wilson SR, 
Beecham CT, Carrington ER, editors: Obstetrics and gynecology, 
8th ed. St Louis, 1987, Mosby.)
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A, Congenital stricture of vagina. B, Septate vagina.

A, Uterus subseptus. B, Uterus septus. C, Uterus arcuatus.

A, Uterus bicornis unicollis (vagina simplex). B, Uterus unicornis.

A, Uterus didelphys bicollis (septate vagina). 
B, Uterus bicornis bicollis (vagina simplex).
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and postnatal stimulation of uterine and cervical glands 
by maternal estrogens. A simple imperforate hymen is 
not usually associated with other congenital anomalies. 
However, there is a high incidence of genitourinary, 
gastrointestinal, and skeletal anomalies associated with 
vaginal atresia or a midtransverse or high-transverse 
vaginal septum. Combined perineal-abdominal sonog-
raphy is an excellent method for accurate assessment of 
these anomalies.52 Although transabdominal scanning is 
useful to determine if hydrocolpos or hydrometrocolpos 
is present, this method does not allow measurement of 
the thickness of a caudally placed obstructive septum. On 
sonographic examination, hydrocolpos appears as a large, 
tubular, cystic mass posterior to the bladder and extend-
ing inferior to the symphysis pubis.53 Low-level echoes 
within the fluid represent mucous secretions in neonates 
and blood in postpubertal girls54 (Fig. 56-21). There 
may be secondary urinary retention and hydronephrosis. 
Imperforate anus, cloacal exstrophy, and persistent uro-
genital sinus often have associated hydrometrocolpos.55-57 
Rarely, one may see peritoneal calcifications complicat-
ing hydrometrocolpos because of a sterile inflammatory 
reaction to spillage into the peritoneal cavity of accumu-
lated secretions.58

The Mayer-Rokitansky-Küster-Hauser syndrome, 
the second most common cause of primary amenorrhea, 
comprises vaginal atresia, rudimentary bicornuate uterus, 
normal fallopian tubes and ovaries, and broad and round 
ligaments.47 The spectrum of uterine anomalies (hypo-
plasia or duplication) range from a partial lumen to a 
septate or bicornuate uterus with unilateral or bilateral 
obstruction. These girls have a normal female karyotype, 
secondary sexual development, and external genitalia. 
There is a high incidence of unilateral renal (50%) and 
skeletal (12%) anomalies. Unilateral renal agenesis or 
ectopia is the most common renal anomaly. The most 

(DES) has been associated with development of a T-
shaped uterus. Sonography shows a narrow uterus 
caused by absence of the normal, superior, bulbous 
expansion of the uterine fundus. Three-dimensional 
sonography is an excellent modality for obtaining planar 
reformatted sections through the uterus, which allows 
for precise evaluation of the anatomy.49

Hydrocolpos or hydrometrocolpos, caused by 
obstruction of the vagina, accounts for 15% of abdomi-
nal masses in newborn girls (Fig. 56-20). The obstruction 
is secondary to an imperforate hymen, a transverse 
vaginal septum, or a stenotic or atretic vagina. There 
is an accumulation of mucous secretions proximal to the 
obstruction. The secretions are secondary to intrauterine 

FIGURE 56-19. Bicornuate uterus. Transverse image of 
the uterus in a 20-year-old woman with acute lower abdominal 
and pelvic pain reveals two separate endometrial cavities (arrows) 
in the middle to fundal region of the uterus.

FIGURE 56-20. Hydrocolpos. A, Sagittal scan of pelvis in newborn showing large, conical, fluid-filled mass representing obstructed 
vagina (V) behind bladder (B). B, Sagittal scan, angled higher than in A, shows uterus (arrows) with cervix projecting into dilated vagina 
(V); B, bladder. (From Rosenberg HK: Sonography of pediatric urinary tract abnormalities. Part I. Am Urol Assoc Weekly Update Series 
1986;35:1-8.)
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cluster of masses (sarcoma botryoides) through the 
introitus. Rhabdomyosarcoma most often arises from 
the anterior wall of the vagina near the cervix. It may 
also arise in the distal vagina or labia. Direct extension 
of the tumor into the bladder neck is common, but 
posterior invasion of the rectum is infrequent. Lymph-
adenopathy and distant metastases are uncommon at 
presentation. On sonographic examination, these tumors 
are solid, homogeneous masses that fill the vaginal cavity 
or cause enlargement of the uterus with an irregular 
contour. Tumors of the endometrium are rare in the 
pediatric age range. When the sonographic findings 
demonstrate a fairly well-defined, heterogeneous endo-
metrial mass—in the appropriate clinical setting—one 
should consider the possibility of retained products of 
conception (Fig. 56-23).

Endodermal sinus tumor, a less common genital 
neoplasm, is a highly malignant germ cell tumor that  
can arise in the vagina. It has a similar clinical and  

common sonographic findings are uterine didelphys with 
unilateral hydrometrocolpos and ipsilateral renal agene-
sis. Water vaginography can help identify the septated 
vagina with unilateral vaginal obstruction47 (Fig. 56-22). 
The analogous genitourinary defects in the male result in 
duplicated müllerian duct remnants (müllerian cyst and 
dilated prostatic utricle) with unilateral renal agenesis.

Neoplasm

Tumors of the uterus and vagina are uncommon in the 
pediatric patient. Malignant tumors are more common 
than are benign tumors, and the vagina is a more 
common site than is the uterus. Rhabdomyosarcoma is 
the most common primary malignant neoplasm.59 It can 
arise from the uterus or vagina, although uterine involve-
ment is more frequent by direct extension from a vaginal 
tumor. These children usually present at 6 to 18 months 
of age with vaginal bleeding or protrusion of a polypoid 

FIGURE 56-21. Hematometrocolpos. A, Sagittal scan of pelvis shows dilated uterine cavity (U) filled with echogenic debris 
(blood). Fluid-debris level is seen in dilated, obstructed vagina (V). B, Perineal scan confirming the massively dilated vagina with the distal 
end immediately below the skin surface; U, uterus, V, vagina; B, bladder. (From Fisher MR, Kricun ME, editors: Imaging of the pelvis. 
Gaithersburg, Md, 1989, Aspen.)
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FIGURE 56-22. Mayer-Rokitansky-Kuster-Hauser syndrome. This 13-year-old girl had duplication of uterus and vagina, 
obstructed right-sided vagina, and fenestrated vaginal septum with cyclic pelvic pain and normal menstrual periods. A, Sagittal scan of 
pelvis demonstrates a normal right uterus (U) and a distended vagina (V) filled with echogenic material that moved at real time. B, Left-
sided uterus (U) is clearly seen in the sagittal plane, and following hand injection of sterile water into the single introitus, the left-sided 
vagina (V) was demonstrated. During real-time observation, tiny amounts of water could be seen intermittently in the right-sided vagina, 
suggesting the presence of a fenestrated vaginal septum.
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can occur. The most common cystic lesion of the vagina 
is Gartner’s cyst. A remnant of the distal wolffian 
(mesonephric) duct, Gartner’s cysts may be single or 
multiple and typically arise from the anterolateral vaginal 
wall. They appear as fluid-filled cysts within the vagina 
on ultrasound. Other cystic vaginal masses include para-
urethral cysts, inclusion cysts, and paramesonephric 
(müllerian) duct cysts.

Pregnancy

Intrauterine pregnancy must always be considered in the 
differential diagnosis of a pelvic mass in girls 9 years of 
age or older. There is an increased incidence of complica-
tions in pediatric pregnancy. These include toxemia, 
preeclampsia, placental abruption, lacerations, and 
cesarean section. Prematurity and perinatal mortality 
are also increased in infants of teenage mothers. Although 
ectopic pregnancy accounts for approximately 2% of all 
pregnancies and is less common in young adolescents, 
the diagnosis should be considered in the presence of 
pelvic pain, an abnormal beta human chorionic gonad-
otropin (β-hCG) level, irregular vaginal bleeding, and 
missed menstrual period. An ectopic pregnancy is most 
likely located in a fallopian tube (ampulla 70%, isthmus 
12%, fimbria 11.1%). The two most common sono-
graphic signs of ectopic pregnancy include an adnexal 
mass that is separate from the ovary and the tubal ring 
sign (Fig. 56-25). The diagnosis is more certain when a 
yolk sac or a living embryo is demonstrated within the 
adnexal mass.60 The tubal ring sign consists of a hyper-
echoic ring surrounding an extrauterine gestational sac. 
The additional demonstration of the “ring of fire” sign, 
which consists of high-velocity, low-impedance flow 
within the hyperechoic ring, may be another useful 
finding.61 However, this sign is nonspecific and may be 
seen surrounding a normal maturing follicle or a corpus 
luteal cyst. About 10% of patients with an ectopic  

sonographic presentation as rhabdomyosarcoma (Fig. 
56-24). Other malignant tumors of the uterus and vagina 
are rare. Adenocarcinoma of the cervix in adults arises 
from the endocervix, whereas in children it is a polypoid 
lesion that originates from the ectocervix and upper 
vagina. Carcinoma of the vagina (usually clear cell 
adenocarcinoma) usually occurs in teenagers with a 
history of in utero DES exposure. Leukemic infiltration 
of the uterus can occur secondary to contiguous exten-
sion from an ovarian relapse. Sonography shows a large, 
homogeneous, hypoechoic, pelvic mass incorporating 
the uterus and ovaries, which cannot be separately iden-
tified. There may be associated hydronephrosis caused 
by distal ureteral obstruction.

Benign, solid neoplasms of the uterus and vagina are 
rare in children. However, benign cystic vaginal masses 

FIGURE 56-23. Retained products of conception. A, This 15-year-old girl presented with ongoing cramps and vaginal bleed-
ing after a spontaneous abortion. Sagittal sonography shows elongation of the uterus (12.9 cm) with a heterogeneous, fairly well-defined, 
oval-shaped masslike area (arrows) occupying the fundus. B, Another teenager presented with vaginal bleeding a few days after a therapeutic 
abortion. Sagittal color Doppler sonogram of the uterus demonstrates hypervascularity throughout the insonated portion of the endome-
trium, consistent with retained products of conception.
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FIGURE 56-24. Endodermal sinus tumor of vagina. 
Sagittal scan of pelvis shows solid, homogeneous mass filling 
vagina (V). Foley catheter balloon is seen in bladder (B). (From 
Fisher MR, Kricun ME, editors: Imaging of the pelvis. Gaithersburg, 
Md, 1989, Aspen.)
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pregnancy demonstrate a pseudogestational sac, which in 
the absence of a double–decidual sac sign, is more likely 
an indication of an ectopic pregnancy in the right 
setting.62 Hypotension or overt shock suggests ruptured 
ectopic pregnancy. Although endovaginal sonography 
has greatly improved the diagnostic evaluation of sus-
pected ectopic pregnancy, transabdominal scanning plays 
a complementary role by providing a global view of the 
pelvis and abdominal contents.63 β-hCG measurements 
are essential for establishing the diagnosis. This glycopro-
tein hormone begins to increase in a curvilinear fashion 
early in pregnancy and continues to increase until 
approximately 9 to 11 weeks, when it normally reaches 
a plateau. The plateau lasts for a few days and declines at 
20 weeks. β-hCG doubles on an average of approxi-
mately 48 hours when the pregnancy is normal and 
viable. In the presence of an ectopic pregnancy, however, 
serum β-hCG levels often rise much more slowly, and a 
plateau is reached early in the pregnancy. A less than 50% 
increase in β-hCG level in a 48-hour period is almost 
always associated with a nonviable pregnancy, whether 
intrauterine or extrauterine.64 Wherry et al.65 showed 
that color Doppler RI of the endometrium could help 
differentiate an early intrauterine pregnancy from an 
ectopic pregnancy. Trophoblastic flow was defined as an 
RI of less than 0.6 within the endometrium. The negative 
predictive value for the presence of endometrial low-
resistance flow for excluding ectopic pregnancy was 97%.
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Infection

Pelvic Inflammatory Disease

Pelvic inflammatory disease (PID) is an infection of the 
upper genital tract, usually related to Neisseria gonor-
rhoeae or Chlamydia trachomatis infection. The serious 
sequelae of this disease include ectopic pregnancy, infer-
tility, and chronic pelvic pain. Adolescent females are in 
a higher-risk group, and thus PID should be considered 
in sexually active females presenting with pelvic pain. 
The ascending infection may affect uterus, fallopian 
tubes, and ovaries, causing endometritis, salpingitis, 
oophoritis, pelvic peritonitis, and tubo-ovarian abscess.

In a study by Bulas et al.,66 anatomic detail was 
improved with endovaginal scanning compared with 
transabdominal scanning. Endovaginal scans showed 
new abnormalities in 71% of patients, and the level of 
disease severity was changed in 33% of patients, which 
affected treatment decisions in many of these patients.

Acutely, the pelvic sonogram may be normal.63,65 In 
the endometritis stage of PID, the uterus may be 
enlarged and more hyperechoic, may contain a small 
amount of fluid in the endometrial canal, and may have 
indistinct margins. The normal fallopian tube is usually 
not visualized on sonography. As the infection ascends, 
however, the fallopian tubes become thick walled and fill 
with purulent material66 (Fig. 56-26). A pyosalpinx is a 

FIGURE 56-25. Ectopic pregnancy in 
young woman with pelvic pain and 
vaginal bleeding. A, Transverse gray-scale image 
demonstrates a thick-walled structure in the right 
adnexa adjacent to the right ovary. B, Sagittal gray-
scale image shows complex free fluid. C, Color Doppler 
sonographic imaging of the right adnexa reveals a cir-
cular, thick-walled structure with a “ring of fire.”
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PELVIC INFLAMMATORY DISEASE: 
SONOGRAPHIC FINDINGS

Enlarged, hyperechoic uterus
Indistinct uterine margins
Fluid in endometrial canal
Hydrosalpinx with echogenic fluid
Ovarian enlargement with tiny cysts
Tubo-ovarian abscess (heterogeneous adnexal mass)

dilated, occluded fallopian tube that contains echogenic 
purulent fluid. A residual hydrosalpinx is a tubular or 
round structure with anechoic fluid. Ovarian changes 
from PID may include enlargement secondary to the 
production of inflammatory exudate and edema and 
development of many tiny cysts, which may represent 
small follicles or abscesses (Fig. 56-27).

Periovarian adhesions may form, resulting in fusion 
of the ovary and thickened tube, forming a tubo-ovarian 
complex. Further progression leads to tissue breakdown 

FIGURE 56-26. Pelvic inflammatory disease with tubo-ovarian complex. Endovaginal sonography in 16-year-old girl 
with pelvic pain. A, Sagittal image of the uterus shows free fluid in the cul de sac. B, The right ovary is normal size, although there is an 
anechoic dominant cyst. C, Sagittal image of greatly enlarged left adnexa demonstrates a tubo-ovarian complex (one cyst within ovary and 
one anterior to ovarian border). D, Fluid-distended fallopian tube is noted with surrounding free fluid (FF). The fluid within the tube is 
hypoechoic, implying purulent material.
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FIGURE 56-27. Pelvic inflammatory disease. Trans-
verse transabdominal image of the pelvis reveals increased, poorly 
defined, soft tissue echogenicity representing inflammatory mate-
rial causing indistinct uterine and ovarian margins and haziness 
in the parametrial area. A small amount of echogenic fluid is seen 
posteriorly (arrow). Calipers, Uterus; O, ovary.
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many causes of primary amenorrhea. A small or absent 
uterus may be an indication of gonadal dysgenesis, 
chromosomal abnormalities, decreased hormonal 
states, testicular feminization, or isolated uterine 
hypoplasia or agenesis. In Turner’s syndrome, the 
most common form of gonadal dysgenesis, there is 
delayed or absent puberty associated with short stature, 
webbed neck, renal anomalies, and coarctation of the 
aorta. In those girls with pure 45,XO karyotypes, the 
ovaries may not be visualized sonographically although 
a prepubertal uterus may be demonstrated. In genetic 
mosaicism with 45,XO/46,XX karyotype, the ovaries 
can vary from nonvisualized streak ovaries to normal 
adult ovaries. The uterine configuration also varies from 
prepubertal to an intermediate length that is less than 
that of the normal adult female. Haber and Ranke72 
demonstrated in a group of 93 patients with Turner’s 
syndrome that one or both ovaries were detected in 44%. 
Within the prepubertal group, the mean uterine volume 
and mean ovarian volume measurements were signifi-
cantly lower than those of the normal controls (p < 
0.001) (0.5 ± 0.2 mL versus 1.0 ± 0.3 mL and 0.3 ± 
0.3 mL versus 0.6 ± 0.4 mL, respectively). In prepuber-
tal girls, no significant relationship was found between 
age and uterine size or ovarian volume. Both uterine 
volume and ovarian volume of 19 women with sponta-
neous puberty increased during breast development, 
although mean uterine volume and mean ovarian volume 
were significantly (p < 0.01) lower than those of pubertal 
control patients.

Other forms of gonadal dysgenesis are also associated 
with nonvisualization of the ovaries as a result of absent 
or streak gonads. In pure gonadal dysgenesis (Swyer’s 
syndrome), the patients have 46,XX or 46,XY karyotypes 
and normal height. Mixed gonadal dysgenesis is a 
genetic mosaic of karyotypes 45,XO/46,XY with a streak 
ovary and a contralateral intra-abdominal testicle. Both 
these forms of gonadal dysgenesis have an increased risk 
of gonadal tumors as a result of the presence of the Y 
chromosome. Noonan’s syndrome (pseudo–Turner’s 
syndrome) is characterized by phenotypic changes of 
Turner’s syndrome, normal ovarian function, and 
normal ovaries on ultrasound.

Testicular feminization is another cause of primary 
amenorrhea. It is a sex-linked recessive abnormality, 
resulting in end-organ insensitivity to androgens. These 
patients are phenotypic females with a 46,XY karyotype. 
The uterus and ovaries are absent, the vagina ends 
blindly, and the testes are ectopic (usually pelvic or 
within inguinal canals or in labia majora).

Precocious Puberty

Sonography is an important imaging modality in the 
evaluation of children with precocious puberty. Preco-
cious puberty is the development of secondary sexual 
characteristics, gonadal enlargement, and ovulation 

and formation of a tubo-ovarian abscess, which usually 
appears as a well-defined, heterogeneous, adnexal mass 
with enhanced through-transmission. Most contain 
internal debris and septations. Color flow Doppler evalu-
ation of pelvic masses in patients with PID is not specific 
and overlaps with other entities. Flow in an abscess may 
be seen along its periphery; however, this pattern may 
also be seen in other cystic lesions.21,66 In extensive cases 
of PID the pelvis is diffusely filled with a heterogeneous 
echo pattern containing cystic and solid components 
that obscure tissue planes and uterine margins.

A complication of PID is gonococcal or chlamy-
dial perihepatitis (Fitz-Hugh–Curtis syndrome). The 
patient presents with right upper quadrant pain caused 
by localized peritonitis of the anterior liver surface and 
parietal peritoneum of the anterior abdominal wall. 
Sonographic findings include the presence of ascitic fluid 
and thickening of the right anterior extrarenal tissue 
between the liver and right kidney.67,68

Foreign Bodies

A vaginal discharge may be a sign of vaginal infection or 
trauma. Foreign bodies in the vagina are a cause of 4% 
of cases of vaginitis. A wad of toilet paper is the most 
common foreign body in the vagina. Vaginal foreign 
bodies are seen in 18% of children with vaginal bleeding 
and discharge and in 50% of children with vaginal bleed-
ing and no discharge. Sonography, either transabdomi-
nal or transperineal, with or without water vaginography, 
can identify both radiopaque and nonradiopaque foreign 
bodies within the vagina as echogenic material with 
distal acoustic shadowing. A retained vaginal foreign 
body can be demonstrated on sonography as a slight 
indentation on the posterior bladder wall. Acoustic shad-
owing is characteristic, but may not be present.69,70

ENDOCRINE ABNORMALITIES

Ultrasound has become an integral part of evaluation of 
children with endocrine abnormalities. In the newborn 
with ambiguous genitalia, pelvic sonography can quickly 
determine the presence or absence of the uterus and 
vagina. Identification of the ovaries or testes is more dif-
ficult because normal neonatal ovaries are not seen on 
ultrasound. Using a high-resolution (12-17 MHz) linear 
transducer, the gonads may be found in the inguinal canal 
or in the ambiguous labioscrotal folds. Differentiation 
of the gonads between ovaries and testes may be possible 
because ovaries often have small, hypoechoic follicles and 
testes have a solid, homogeneous echotexture.71

Causes of Primary Amenorrhea

Sonographic assessment of the uterine size, shape, matu-
rity, and ovarian development can provide a clue to the 
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Ingram et al.78 showed that in a group of 36 boys, age 7 
months to 13.5 years (mean 7.7 years), the prostatic 
volume ranged between 0.4 and 5.2 mL (mean 1.2 mL). 
The seminal vesicles may be identified in young boys and 
adolescents and are best seen in the transverse plane as 
small, hypoechoic structures giving an appearance similar 
to the wings of a seagull (Fig. 56-28).

The Scrotum

Before sonographic examination of the scrotum, the cli-
nician should carefully palpate the entire scrotum. The 
pediatric scrotum is examined with a high-frequency 
linear array broadband scanhead, generally a 12-5 MHz 
for children and teenagers and a 17-5io, small-footprint, 
“hockey stick” probe for very small testes in infants, 
young children, and atrophic testes. The probe should 
be equipped with gray-scale and duplex/color flow 
Doppler as well as power Doppler imaging. It is helpful 
to elevate and immobilize the testes by gently placing a 
rolled-up towel posterior to the scrotum in a vertical 
position between the legs. For accurate measurements of 
larger adolescent testes, a curvilinear, broad-bandwidth 
probe, either a 9-4 or 5-2 MHz, and a stepoff pad may 
be necessary. In infants or any patient with a painful 
scrotum, a stepoff pad is essential to obtain this valuable 
study. Both hemiscrota should be routinely examined  
so that differences in size and echogenicity of the intra-
scrotal contents can be recognized. Color flow Doppler 

before age 8 years. In true precocious puberty, the endo-
crine profile is similar to that of normal puberty, with 
elevated levels of estrogen and gonadotropins. The uterus 
has an enlarged, postpubertal configuration (fundus/
cervix ratio, 2:1 to 3:1) with a more prominent echo-
genic endometrial canal than seen in prepubertal females. 
The ovarian volume is greater than 1 mL, and functional 
cysts are often present. Precocious puberty is classified 
into two types: central and peripheral. Central preco-
cious puberty (true precocious puberty) is gonadotropin 
dependent.73 More than 80% of these cases are idio-
pathic. Intracranial tumors, usually a hypothalamic 
glioma or hamartoma, account for 5% to 10% of cases. 
There are occasional cases following development of 
increased intracranial pressure, such as postmeningitis 
hydrocephalus. The augmented uterine and ovarian 
volumes shown at ultrasound occur before the typical 
changes in secretion patterns of LH and FSH revealed 
with the LH-releasing hormone (LHRH) test. Follow-up 
pelvic sonography during treatment with long-acting 
gonadotropin-releasing hormone analogs will show 
decreased uterine and ovarian volume, and the hormonal 
status will become appropriate for age.74,75

In pseudoprecocious puberty, the peripheral type, 
the endocrine profile is variable because this type is 
gonadotropin independent. Usually, the estrogen levels 
are elevated and the gonadotropin levels are low. The 
cause is outside the hypothalamic-pituitary axis and is 
usually caused by an ovarian tumor. Granulosa theca 
cell tumor is the most common lesion. Other, less fre-
quent causes are functioning ovarian cysts, dysgermi-
noma, teratoma, and choriocarcinoma. Ultrasound will 
identify the ovarian mass and a mature uterus. Although 
feminizing adrenal tumors are a rare cause of pseudo-
precocious puberty, sonographic examination of the 
adrenal areas should be performed in all patients with 
precocious puberty who are referred for pelvic ultra-
sound. The liver should be examined as well because 
precocious puberty has been associated with hepatoblas-
toma. In isolated premature thelarche (breast develop-
ment) or premature adrenarche (pubic or axillary hair 
development), sonography shows normal prepubertal 
uterus and ovaries.

NORMAL MALE ANATOMY

The Prostate

The configuration of the prostate is ellipsoid in boys 
compared with the more conical shape seen in adult 
males. The prostatic echogenicity is hypoechoic and 
more homogeneous than in the adult prostate, which  
is frequently heterogeneous secondary to central gland 
nodules, calcifications, and corpora amylacea.76,77 Pros-
tate volume may be calculated by using the following 
formula for a prolate ellipsoid: 

FIGURE 56-28. Seminal vesicles. Through a well-
distended bladder (B), the seminal vesicles (arrows) are seen as 
hypoechoic, bilaterally symmetrical structures.
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FIGURE 56-29. Normal infant testis. A, Gray-scale sagittal image shows the normal, homogeneous, relatively low-level echo-
genicity of this normal infant testis. B, Some color Doppler flow is demonstrated within the testis.
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imaging parameters should be optimized for the best 
detection of low-velocity and low-volume blood flow 
typically seen in the scrotum (color gain settings are 
maximized until background noise becomes visible, and 
wall filter and pulse repetition frequencies are adjusted 
to the lowest settings). Power mode Doppler imaging, 
with its increased sensitivity for the detection of blood 
flow, is useful for examination of slow flow states in the 
cooperative patient and particularly in very young chil-
dren who normally have low testicular flow. In very small 
testes, power output may need to be increased to detect 
flow. Color flow in the two hemiscrota should be com-
pared for symmetry. The addition of pulsed Doppler 
imaging allows for quantitative evaluation of arterial 
waveforms and measurements of velocity.

The Testes

The normal newborn testes have a homogeneous low- 
to medium-level echogenicity and are spherical or oval 
in shape with a length of 7 to 10 mm (Fig. 56-29). The 
epididymis and mediastinum testis are usually not seen 
in the neonate. By puberty, the testis contains homoge-
neous medium-level echoes and an echogenic linear 
structure along its superoinferior axis, which represents 
the mediastinum testis (Fig. 56-30). The testis measures 
3 to 5 cm in length and 2 to 3 cm in depth and width 
after puberty. Studies of testicular sizes during infancy 
and adolescence performed using orchidometers report 
the range of mean testicular volumes as 1.10 mL (SD ± 
0.14) and 30.25 mL (SD ± 9.64).79 The author’s per-
sonal experience, as well as references to testicular sizes 
in more recent radiologic articles, supports the existence 
of normal testes smaller than 1 mL in young infants and 
children.80,81 The tunica albuginea may be seen as a thin 
echogenic line around the testis. Occasionally, a 
hypoechoic linear band is noted in the normal testis, 
usually in the middle third, corresponding to sites of 
intratesticular vessels.82

Both pulsed and color flow Doppler ultrasound can 
be used to assess the blood supply to the testis. The 
normal color flow Doppler appearance of the testes also 
changes with age. Despite optimized slow-flow settings, 
it may not be possible to detect color flow in normal, 
small, prepubertal testes.80,81,83 Atkinson et al.80 reported 
that centripetal arterial flow could be identified with 
color flow Doppler imaging in only 6 (46%) of 13 testes 
measuring less than 1 mL and in all testes measuring 
greater than 1 mL. When color flow is seen in prepuber-
tal testes, it generally appears as pulsatile foci of color 
without the linear or branching pattern seen in adoles-
cents or adults80 (Fig. 56-30). The recurrent rami arteries 
are usually too small to be identified in children, although 
they may be seen in adolescents. Color Doppler imaging 
can demonstrate flow in 60% to 83% of prepubertal 
testes, and power Doppler imaging can demonstrate flow 
in up to 73% to 92% of prepubertal testes. Luker and 
Siegel83 showed that power mode Doppler ultrasound 
improved depiction of intratesticular vessels in normal 
prepubertal and postpubertal testes, but that there was 
still a lack of flow in several normal prepubertal testes.

Normal pulsed wave Doppler testicular flow reflects 
its supply from the testicular artery, which has a low-
resistance pattern (low peak systolic velocities and rela-
tively high diastolic velocities). Flow in extratesticular 
vessels reflects supply from the cremaster and deferential 
arteries and has a higher resistance pattern (low diastolic 
flow). Because the periphery of the testis contains cap-
sular branches of the testicular artery and branches of the 
cremasteric and deferential arteries, the patency of the 
testicular artery can be established reliably only by 
placing the Doppler sample volume in the center of 
the testis. The RI of the testicular artery in young men 
ranges from 0.48 to 0.75 (mean 0.62), and the RI of the 
capsular arteries ranges from 0.46 to 0.78 (mean 0.66). 
The RI of the supratesticular arteries varies from 0.63 to 
1.00 (mean 0.84). The RI in intratesticular arteries is 
lower in postpubertal than in prepubertal boys.84
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FIGURE 56-30. Normal postpubertal testis. A, Color flow Doppler image demonstrates flow within the head of the epididymis. 
The testis demonstrates normal homogenous echogenicity, with the mediastinal testis appearing as a white stripe. B, Normal duplex color 
Doppler flow in the centripetal arteries of this normal-appearing testis. C, There is also normal flow in the body and tail of the epididymis. 
D, Transverse image of testis. A small hydrocele is seen on all four images.
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In cryptorchidism the testis does not descend through 
the inguinal canal into the scrotum as expected between 
the 25th and 32nd week of gestation. In most cases the 
testes are located within the scrotum at birth or within 
4 to 6 weeks after birth. Undescended testes are seen in 
4% of full-term newborns and in approximately 33% of 
premature male infants weighing less than 2500 grams. 
Testicular descent continues during the first year of life, 
so that by the end of the first year, only 0.7% to 0.8% 
of these infants have true cryptorchidism, and in 10% 
to 25%, it is bilateral cryptorchidism.86 Although the 
malpositioned testis may lie anywhere along its course 
from the retroperitoneum to the scrotum, most testes 
(80%-90%) are located at or below the inguinal canal 

The examiner must compare the symmetry of color 
Doppler flow in both testes to detect disease more accu-
rately and to ensure the system is optimally set to detect 
flow in the clinically normal testis. Absent flow may not 
be valid if the ultrasound equipment being used is insuf-
ficiently sensitive to detect low flow or if faulty technical 
settings are used (e.g., high wall filter, low gain, high 
pulse repetition frequency, low transducer frequency). 
Power Doppler is often better than color Doppler sonog-
raphy in assessing symmetry of blood flow.85

The epididymis lies along the posterolateral aspect of 
the testis. The triangular-shaped epididymal head is 
isoechoic with the testis or slightly hyperechoic, whereas 
the echogenicity of the epididymal body is isoechoic or 
slightly hypoechoic in relationship to the testis. Flow 
may not be detected in the normal prepubertal epididy-
mis but is generally seen on both color flow and power 
mode Doppler imaging in postpubertal epididymides.83
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Testes smaller than normal in size may result from 
cryptorchidism, torsion, inflammation, varicocele, prior 
inguinal hernia repair, radiation treatment, and trauma. 
Congenital causes include Klinefelter’s syndrome and 
primary hypopituitarism. These small gonads may have 
normal, increased, or decreased echogenicity.91

True hermaphroditism is an intersex condition in 
which the patient has both ovarian and testicular tissue, 
either in the form of separate structures or an ovotestis. 
Ultrasound can demonstrate the textural difference 
within an ovotestis in that the testicular portion is  
more homogeneous with medium-level echoes, whereas 
the ovarian tissue is more heterogeneous with small, 
anechoic, cystic follicles interspersed with the low- to 
medium-level parenchymal echogenicity92 (Fig. 56-32). 
These patients present either prepubertally with ambigu-
ous genitalia or postpubertally with the development of 
gynecomastia, cyclic hematuria, or cryptorchidism in a 
patient reared as a boy, or amenorrhea in a patient reared 
as a girl (Fig. 56-33).

Cystic dysplasia of the testis is a rare congenital 
condition consisting of dilated rete testis and efferent 
ducts, as well as adjacent parenchymal atrophy. Patients 
typically present with painless scrotal enlargement at a 
mean age of 5.8 years.93 The ultrasound appearance con-
sists of multiple, small, anechoic, cystic structures seen 
predominantly in the region of the mediastinum testis 
(Fig. 56-34). The defect may result from an embryologic 
defect preventing fusion between the rete testis tubule 
(arising from the gonadal blastema) and efferent ductules 
(arising from the mesonephros). Several reported cases 
in children were associated with ipsilateral renal agenesis, 
multicystic dysplastic kidney, or renal dysplasia.93,94 
The appearance in the scrotum is similar to the  

and thus are amenable to sonographic localization87 (Fig. 
56-31). MRI may be employed for localizing intra-
abdominal cryptorchid testes.88 Localization of the 
undescended testis is important in disease prevention 
because cryptorchidism is associated with increased risks 
of malignancy, infertility, and torsion.87 Rarely, the testis 
is found in the perineum or at the base of the penis. 
Anorchidism, bilateral testicular absence, occurs in 1 in 
20,000 newborn males. Monorchidism, unilateral tes-
ticular absence, occurs in 1 in 5000 boys and is usually 
left sided. This is thought to result from an in utero 
torsion or vascular accident because of the associated 
blind-ending spermatic vessels and spermatic cords.89

The number of testes may vary and range from  
anorchidism to polyorchidism (testicular duplication), 
which normally presents in the older child as an asymp-
tomatic scrotal mass. The testes share a common epi-
didymis, vas deferens, and tunica albuginea. Usually, a 
single, small, accessory testis is demonstrated within 
the scrotum in addition to two normal testes (trior-
chidism).90 Polyorchidism is usually an incidental 
finding, presenting as an asymptomatic scrotal “mass”, 
but occasionally, it will present with pain due to torsion. 
A bilobed testis may mimic a duplicated testis. Polyor-
chid and bilobed testes have medium-level homogeneous 
echogenicity and are smaller than the contralateral testis.

Aberrations in testicular descent may result in trans-
verse testicular ectopia, an anomaly in which both 
testes are located in the same hemiscrotum. Patients 
present clinically with a nonpalpable testis on one side 
and a scrotal “mass” on the other.91 About 20% have 
associated anomalies, such as seminal vesicle cysts, renal 
dysplasia, hypospadias, ureteropelvic junction obstruc-
tion, and ipsilateral inguinal hernia.

FIGURE 56-31. Undescended right testis. Normal-appearing right testis is located in the baby’s pelvis anteriorly adjacent to 
the bladder. Normal-appearing left testis is located in the left hemiscrotum. A small hydrocele of the cord is located superficially.
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FIGURE 56-32. Ovotestis. Ovotestis in a 15-year-old phe-
notypic boy with bilateral gynecomastia, intermittent scrotal pain 
and swelling, and recent scrotal trauma. Sagittal sonography of 
the right hemiscrotum reveals a heterogeneous right gonad (cali-
pers) with focal cystic areas representing follicles in the upper pole 
(arrows). This gonad contains pathologically proven ovarian and 
testicular tissue.
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FIGURE 56-33. Testicular feminization syndrome. This 5-year-old girl underwent bilateral inguinal herniorrhaphies. At 
surgery, the tissue within each of the inguinal canals felt more firm than expected in the presence of normal herniated ovaries, and thus 
both were biopsied. A, Sagittal scan of the normal-appearing urinary bladder reveals no evidence of a uterus or ovaries. B and C, Male-
type gonads are seen bilaterally, as evidenced by the homogeneity and lack of follicles in either gonad. Biopsy of both gonads revealed 
normal, male-type gonads. D and E, Using the bladder as a sonic window, the length of the vaginal canal was assessed by injecting air 
and then sterile water into the vaginal opening during sonographic observation. The vaginal canal was extremely short, approximately 
1 cm in length. The catheter could be advanced only 1 cm into the vagina, implying an extremely short vaginal canal.
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intratesticular varicocele, which can have a similar 
gray-scale appearance but demonstrates venous flow  
on color flow Doppler imaging.96 This condition may 
mimic a cystic neoplasm such as teratoma. If filled with 
mucoid material or debris instead of anechoic fluid, the 
cysts may mimic a solid mass.

ACUTE SCROTAL PAIN  
OR SWELLING

The most common causes of acute pain and swelling in 
the pediatric scrotum include testicular torsion, epididy-
mitis with or without orchitis, torsion of the testicular 
appendages, testicular trauma, acute hydrocele, and 
incarcerated hernia. Less common causes are idiopathic 
scrotal edema, Henoch-Schönlein purpura, scrotal fat 
necrosis, familial Mediterranean fever, or secondary 
scrotal involvement from abdominal pathology.94-98 It is 
often impossible clinically to differentiate between the 
conditions that require conservative medical treatment 
and those that demand immediate surgery.99 However, 
the combination of gray-scale and color flow Doppler 
sonography provides information about morphology 
and testicular perfusion.100-103

Testicular torsion and epididymitis (with or without 
orchitis) are the two most frequently encountered causes 

incidentally noted condition of tubular ectasia of the rete  
testis described in adults, which probably represents an 
acquired condition secondary to prior inflammation or 
trauma94,95 (Fig. 56-35). The lack of color flow within 
these cystic structures distinguishes tubular ectasia from 
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of the acute scrotum in the pediatric population. High-
resolution ultrasound with color flow Doppler imaging 
has become the method preferred for distinguishing 
between these two entities.100-109 This is crucial because 
testicular torsion is treated surgically and epididymitis 

FIGURE 56-34. Cystic dysplasia of testis. A, Sagittal sonogram, and B, color Doppler sonography, show multiple tiny cysts in 
the testicle. C, Pathologic specimen shows tiny cysts. (Case courtesy Janet Strife, MD, Cincinnati Children’s Hospital.)
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FIGURE 56-35. Tubular ectasia of the rete testis. 
This 9-year-old boy presented with left scrotal pain. Sagittal sono-
gram demonstrates a focal cluster of tiny, oval-shaped cysts in the 
symptomatic area.

ACUTE SCROTAL PAIN OR SWELLING

COMMON
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Idiopathic scrotal edema
Henoch-Schönlein purpura
Scrotal fat necrosis
Familial Mediterranean fever
Abdominal pathology

with or without orchitis is treated medically. To confirm 
the diagnosis of testicular torsion unequivocally, the cli-
nician must demonstrate absence of flow in the painful 
testis and normal flow in the asymptomatic normal 
testis,81 keeping in mind that the presence of flow in the 
painful testis does not exclude torsion. In the patient 
with incomplete or partial spermatic cord torsion (twist 
of ≤360 degrees), normal arterial flow may be demon-
strated, although it is usually quantitatively diminished 
compared with the asymptomatic contralateral testis.107,109

Torsion of the spermatic cord is found in 14% to 
31% of children and adolescents presenting with an 
acute scrotum. Testicular torsion results when the testis 
and spermatic cord twist one or more times, obstructing 
blood flow. Torsion of the testis has the highest preva-
lence during two age peaks, infancy and adolescence.81 
Two types of torsion have been described: extravaginal 
and intravaginal, with the latter being more common. 
Extravaginal torsion is generally found in neonates at 
the level of the spermatic cord, which is poorly fixed in 
the inguinal canal. All the scrotal contents are strangu-
lated in this type of torsion.81,92,110 Extravaginal torsion 
is thought to occur in utero.111 The loose attachment of 
the spermatic cord and testes to surrounding structures 
may account for increased mobility and may predispose 
to the extravaginal type of torsion seen in neonates (Fig. 
56-36). The scrotum is swollen and red with a firm, 
painless enlarged testicle, which is generally unilateral. 
Surgical salvage at birth is unlikely because the testis is 
already necrotic, but occurrence of extravaginal torsion 
after birth demands emergency surgery.112 The ultra-
sound findings vary according to the duration of the 
torsion. In more recent torsion, the testis is heteroge-
neously enlarged with hypoechoic and hyperechoic areas. 
When the torsion is more chronic, the testis may be 
normal or slightly enlarged, with peripheral echogenicity 
corresponding to calcifications in the tunica albuginea. 
There is often associated scrotal skin thickening and 
hydroceles.110,111 There is no Doppler signal in the sper-
matic cord or the testis. Power Doppler sonography, 
with its greater sensitivity to minimal flow. may be  
useful in evaluating the presence or absence of flow in  
these very small testes.112 Contralateral compensatory 
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FIGURE 56-36. Extravaginal testicular torsion. Newborn with hard, nontender, left testicular mass. A, Sagittal sonogram of 
the scrotum reveals an enlarged, heterogenous left testis with dilated rete testes. There are multiple foci of bright echogenicity surrounding 
the left testis, suggesting an intrauterine torsion “missed” torsion. Note the normal right testis with surrounding anechoic hydrocele.  
B, Normal flow is shown in the normal-appearing right testis. However, a surrounding rim of color Doppler flow is seen around the 
avascular, swollen left testis.
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hypertrophy may be seen.113 Other conditions that 
mimic extra vaginal torsion in patients who present with 
a swollen scrotum in the neonatal period include meco-
nium peritonitis, intraperitoneal bleeding tracking 
through the patent processus vaginalis, and tumor.

With intravaginal torsion the tunica vaginalis com-
pletely surrounds the testis and inserts high on the sper-
matic cord, preventing fixation of the testis to the 
scrotum and allowing the testis to rotate freely on its 
vascular pedicle, known as the bell-and-clapper defor-
mity.114 Another, less frequently encountered type of 
intravaginal torsion is torsion of the mesorchium, 
the tissue attachment between the testis and epididy-
mis81,91,115 (Fig. 56-37). In this situation, the testis twists 
within the tunica vaginalis without torsion of the epi-
didymis. Torsion within the scrotal sac, or intravaginal 
torsion, may occur in any age group but is seen more 
often in adolescents and young adults.81 The boys present 
with sudden onset of scrotal or lower abdominal pain. 

There is often a history of similar previous self-limited 
episodes, suggesting prior torsion and detorsion. Nausea 
and vomiting are more frequently seen in testicular 
torsion than in other causes of acute scrotum, with a 
positive predictive value of more than 96%. The boys 
may also have anorexia and low-grade fever. Physical 
examination is difficult because of severe tenderness. The 
affected hemiscrotum is swollen and erythematous with 
the affected testis often oriented transversely. The crem-
asteric reflex may be absent.106 Most importantly, patients 
with suspected intravaginal torsion require emergency 
surgery to optimize testicular salvage. If it is clinically 
obvious that a patient has an acute torsion, emergency 
surgery should be done, even without imaging, because 
any delay in surgical treatment reduces the likelihood  
of testicular salvage. Some believe that closed manual 
detorsion may improve salvage rates and convert  
an emergent situation to an elective surgical procedure 
for future orchiopexy (Fig. 56-38); however, this is 

FIGURE 56-37. Types of testicular torsion. A, Intravaginal torsion above the epididymis. B, Extravaginal torsion. C, Torsion 
of the testis below the epididymis. (From Leape LL. Torsion of the testis. In Welch KJ, Randolph JG, Ravitch MM, editors. Pediatric surgery. 
St Louis, 1986, Mosby.)
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70% within 6 to 12 hours of symptoms; and only 20% 
if surgery is delayed for 12 to 24 hours after the onset of 
pain.81,107 After 24 hours, the testis is virtually never 
salvageable. The sonographic features in testicular torsion 
depend on the duration and severity of the vascular 
compromise.

The gray-scale appearance of the torsed testis ranges 
from normal (early on) to enlarged and hypoechoic sec-
ondary to edema (usually after 4 to 6 hours) and then 
to a heterogeneous appearance with areas of increased 
echogenicity secondary to vascular congestion, hemor-
rhage, and ischemia (usually after 24 hours)81,107 (Fig. 
56-39). The latter appearance is also known as “missed” 
torsion. Surgical removal is recommended if the testis is 
clearly necrotic because if left in situ, the contralateral 
testis may be adversely affected because of a presumed 
antibody-induced immunologic process.91 Other gray-
scale findings in the presence of torsion include  
abnormal orientation of the testis within the scrotum 
(e.g., transverse lie) as well as abnormally thickened  

controversial.116,117 The best results are obtained in those 
who have immediate detorsion and fixation to the scrotal 
wall and orchiopexy of the contralateral testis.91 There is 
virtually a 100% salvage rate when surgery is performed 
within 6 hours of the onset of symptoms; approximately 

FIGURE 56-38. Acute testicular torsion. A to C, This 13-year-old boy presented with acute, excruciating right-sided scrotal 
pain. A, Transverse gray-scale image of both testes demonstrates enlargement of the avascular right testis. B, Absence of both color and 
pulsed Doppler flow is noted on this sagittal image of the right testis. C, Normal pulsed and color Doppler flow confirmed in asymptom-
atic, normal-appearing left testis. D, Teenage boy with acute left-sided testicular torsion. Closed manual detorsion of the left testis was 
done at diagnosis in the ultrasound suite. Color Doppler sonogram of the left testis obtained immediately after detorsion shows dramatic 
hyperemia throughout the left testis.
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detorsion is likely. Spontaneously or manually reduced 
torsion does not require emergency surgery, but these 
patients are at risk for subsequent torsion and can benefit 
from orchiopexy.121,122 In cases of late torsion (>24 
hours), color flow Doppler typically shows marked hyper-
emia of the scrotal wall and paratesticular soft tissues with 
absent testicular flow, analogous to the scintigraphic 
doughnut sign. Pulsed Doppler waveform analysis is 
unnecessary for the diagnosis of torsion. The sensitivity 
of pulsed Doppler for detecting torsion ranges from 67% 
to 100%. In small children, identification of flow can be 
difficult in normal testes because of the small size of the 
testicular arteries. In addition, it may be difficult to dis-
tinguish between paratesticular and intratesticular arterial 
pulsations, and thus scrotal wall hyperemia associated 
with torsion may be mistaken for normal flow.

With chronic torsion the testis will begin to atrophy 
after 14 days. During this phase, the testis may remain 
hypoechoic, or it may become hyperechoic if fibrosis or 
calcification develops.121 The ipsilateral epididymis is 
often enlarged and echogenic, often with an accompany-
ing hydrocele. Other causes of testicular infarction 
include trauma, polyarteritis nodosa, and subacute bac-
terial endocarditis. Extrinsic compression of the cord  
or testis leading to testicular infarction can occur with 
hernias,107 hydroceles,123,124 and epididymitis.

Acute epididymitis accounts for 28% to 47% of cases 
of acute scrotal pain in children and is more common in 
pubertal than prepubertal boys. It is thought that many 
cases of prepubertal epididymitis are actually cases of 
appendiceal torsion, especially in patients with a negative 
urine culture.106 Patients with epididymitis typically have 
a more gradual onset of pain with fewer constitutional 
symptoms compared with patients with testicular or 
appendiceal torsion.107,125

On sonography, the inflamed epididymis may be 
focally or diffusely enlarged with coarse echoes. The 

paratesticular structures. The epididymis is usually 
enlarged because of vascular congestion and may be iso-, 
hypo-, or hyperechoic to the testis. There may be scrotal 
wall thickening and reactive hydrocele formation. Asso-
ciated findings include an enlarged, hypoechoic epididy-
mis, reactive hydrocele, skin thickening, and sometimes 
an enlarged, twisted spermatic cord.108

Color Flow Doppler Sonography  
in Testicular Torsion

To make the diagnosis of acute testicular torsion, the 
clinician must unequivocally demonstrate absent blood 
flow in the painful testis and normal blood flow in the 
contralateral asymptomatic testis. The color flow exami-
nation includes careful comparison of the symmetry of 
flow in both testes. The sensitivity of color flow Doppler 
for detecting acute testicular torsion in pediatric patients 
is 90% to 100%, whereas the sensitivity of scintigraphy 
approaches 100%.116-118 In technically adequate studies 
performed on state-of-the-art equipment, the specificity 
of color flow imaging is almost 100%.107 Again, impor-
tantly, presence of flow in the painful testis does not 
exclude the diagnosis of torsion.119-121 In patients with 
incomplete or partial spermatic cord torsion (≤360 
degrees), arterial flow may be demonstrated, although 
diminished in quantity compared with the asymptom-
atic testis.121

In cases of detorsion, color flow Doppler may dem-
onstrate increased flow within the painful testis and para-
testicular soft tissues caused by reactive hyperemia. This 
phenomenon may mimic the reactive hyperemia that 
occurs in inflammatory conditions such as epididymo-
orchitis.121 The clinical findings should help to differenti-
ate between torsion and inflammation. In the patient  
with acute scrotal pain that spontaneously resolves  
and in whom color Doppler imaging shows hyperemia, 

FIGURE 56-39. “Missed” testicular torsion. A, This 18-year-old male patient presented with a 2-day history of left scrotal 
pain and swelling. Sagittal sonogram demonstrates greatly enlarged (volume, 22.6 mL), hypoechoic, heterogenous left testis and epididymis 
with increased echogenicity and thickening of the tunica albuginea. There is no arterial or venous flow within the left testis or epididymis, 
although there is hyperemia around the testis. This constellation of findings is consistent with a “missed” testicular torsion of a subacute 
nature. A reactive hydrocele is seen around the left testis, which contains complicated fluid. B and C, Sagittal and transverse sonograms 
in 5-month-old male infant who presented with missed torsion of the left testis, with history since birth of a normal size right testis (not 
shown) and a small hard left testis. The tiny left testis (volume, 0.1 mL) is shown in the left hemiscrotum, with the tunica albuginea 
appearing brightly echoic and demonstrating partial shadowing of the ultrasound beam, consistent with delayed (missed) torsion, the insult 
presumably having occurred during intrauterine life.
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Doppler imaging by decreased or absent flow within the 
involved testis. The classic appearance of epididymitis 
and orchitis is increased flow within the epididymis and 
the involved testis if orchitis is present.

overall echo pattern is usually decreased, but normal or 
increased echogenicity may be observed.126 Associated 
orchitis is more often diffuse; when focal, however, it is 
usually close to the inflamed epididymis. The involved 
portion of the testis is usually hypoechoic and enlarged. 
On color flow Doppler imaging, the inflamed epididy-
mis and testis are typically hyperemic (Fig. 56-40), 
although occasionally, normal flow may be seen in  
the involved organs.14,125,126 Pulsed Doppler evaluation is 
not necessary to establish the diagnosis of acute epididy-
mitis, but when performed, there is elevated diastolic 
flow in the epididymal arteries, a low-resistance wave-
form (RI <0.7 for epididymal arteries), and detectable 
venous flow.126,127

With orchitis there may also be abnormally decreased 
vascular resistance (RI <0.5) for testicular arteries. In 
testicular tumors, there may be hyperemia, but the RI is 
usually greater than 0.5. Therefore, pulsed Doppler 
may be useful to differentiate hyperemic tumor from 
testicular hyperemia.125,127 Associated sonographic find-
ings include reactive simple or complex hydrocele and 
skin thickening. Complications of severe epididymo-
orchitis include abscess formation and ischemia leading 
to infarction. Testicular infarction secondary to severe 
epididymo-orchitis is indistinguishable from infarction 
secondary to torsion.

FIGURE 56-40. Acute epididymitis in 8-year-old boy with right scrotal pain. A, Gray-scale sagittal sonogram of the 
right testis shows a normal-appearing testis surrounded posterolaterally by a prominent, hypoechoic heterogeneous epididymis. B, Longi-
tudinal color flow Doppler image of the scrotum reveals increased flow in the head of the epididymis with normal flow in the testis.  
C, Marked hypervascularity is noted throughout the body and tail of the epididymis. Skin thickening is noted on all three images.
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Because there is overlap in the gray-scale appear-
ance of both testicular torsion and epididymo-orchitis, 
their differentiation depends on color flow Doppler 
imaging.118,128 Torsion typically is characterized on 

However, the overlap between the two may lead to 
false-positive or false-negative diagnoses. The hyperemia 
or normal color flow seen in testes with spontaneous 
detorsion may be confused for epididymitis.125 Incom-
plete torsion of the testis may reveal normal or decreased 
color flow108 (Fig. 56-41). Ischemia and infarction may 
also be seen with severe epididymitis, although this is 
usually less of a diagnostic dilemma because these patients 
also require surgery. Because Doppler imaging is limited 
in young patients with testes less than 1 mL, power and 
contrast agents may be helpful in distinguishing between 
torsed and normal testes.116,118

With chronic epididymitis the epididymis becomes 
enlarged and heterogeneous, and the testicular tunica 
becomes thickened, appearing as an echogenic hyper-
emic rim around the testis. Small calcifications may 
develop in the epididymis and the tunica albuginea. 
Ultimately, the testis may atrophy and become diffusely 
or focally hypoechoic.91 Isolated orchitis is unusual and 
generally has a viral etiology. Mumps orchitis is gener-
ally seen in 30% of prepubertal boys infected with 
mumps. The testes are usually enlarged and hyperechoic 
bilaterally during the initial phase, resulting in testicular 
atrophy and reduced fertility.

Clinical findings should aid in the differentiation of 
detorsion and scrotal inflammation. Detorsion is more 
likely in the presence of spontaneously resolved acute 
scrotal pain and hyperemia on color Doppler imaging. 
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or epididymitis, but there is generally no nausea and 
vomiting. If the classic clinical finding of a small, firm, 
round, mobile, tender paratesticular mass, which often 
exhibits bluish discoloration visible through the skin 
(blue-dot sign), in the superior aspect of the scrotum 
is not found, then ultrasound is recommended to  
avoid unnecessary surgery.91 The diagnostic sonographic 
appearance of a torsed appendage is that of a solid, ovoid 
mass with a variably sized hypoechoic center and hyper-
echoic rim adjacent to the superior aspects of a testis or 
epididymis with normal vascularity131,132 (Fig. 56-43). 
Reactive hydroceles, scrotal skin thickening, testicular 
and epididymal enlargement, and hypoechogenicity may 
be seen as well.132,133 In acute torsion of an appendix, the 
torsed appendix appears avascular and the epididymis 
hyperemic. In late torsion (>1 day), a zone of reactive 
hyperemia may surround the torsed appendage. Depend-
ing on the extent of the associated inflammatory process, 
the testis may have normal or increased vascularity.82,132-135 
The testicular appendages are embryologic remnants  
of blind-ending mesonephric tubules.129 The appendix 
testis is attached to the tunica albuginea on the superior 
pole of the testis, and the appendix epididymis is located 
on the epididymal head. Both appendages are peduncu-
lated and thus predisposed to torsion; 92% of males have 
an appendix testis, and 25% have an appendix epididy-
mis.91 Most torsed appendices atrophy, with resolution 
of symptoms with supportive care. Surgery is reserved 
for persistently symptomatic appendages. Eventually, 
infarcted appendages shrink in size, may calcify, and may 
break free to become scrotoliths.82,130

Trauma to the scrotum most often results from sport-
ing injuries but may be seen in straddle or handlebar 
injuries, motor vehicle crashes, child abuse, or birth 
trauma. Trauma can cause a testicular hematoma, frac-
ture, or rupture.136,137 Testicular rupture is a surgical 

FIGURE 56-41. Incomplete testicular torsion in 
14-year-old boy with 3 hours of right scrotal pain. 
Sagittal image of the right testis with color flow and pulsed wave 
Doppler sonograms demonstrates decreased intraparenchymal tes-
ticular flow on color flow Doppler imaging and an abnormally 
high-resistance pattern on pulsed Doppler imaging. (Note: The 
color seen on and above the mediastinum testis is artifactual.)

RT Testis

Pulsed Doppler waveform analysis is not necessary to 
establish the diagnosis of epididymitis, but if used, it 
shows elevated diastolic flow in the epididymal arteries, 
a low-resistance waveform (RI <0.7 for epididymal arter-
ies), and detectable venous flow. Abnormally decreased 
vascular resistance (RI <0.5 for testicular arteries) is also 
seen in orchitis.127 When surgery is not done to remove 
an infarcted testis, the infarcted testis will begin to 
atrophy after 14 days. During this chronic phase, the 
testis may be hypoechoic, but when fibrosis and calcifica-
tion develop, the gonad may become hyperechoic.

In younger boys, epididymitis is more often secondary 
to genitourinary abnormalities, such as ectopic ureter 
draining into the vas deferens or seminal vesicles. Bladder 
outlet obstruction (e.g., posterior urethral valve and 
dysfunctional voiding) can cause reflux of urine into  
the ejaculatory ducts and lead to epididymitis even if  
the urine is sterile.119,129 Epididymitis may also follow 
trauma. With epididymitis, patients generally have a 
more gradual onset of symptoms and fewer constitu-
tional symptoms than with torsion. There may be mild 
scrotal tenderness to severe scrotal pain and tenderness 
with fever and pyuria. In adolescent boys, most are sec-
ondary to sexually transmitted organisms (e.g., C. tra-
chomatis, N. gonorrhoeae). In young boys, Escherichia coli 
is found in 10% to 25% of patients.106,128

Torsion of a testicular appendage, or appendix epi-
didymis, is the most common cause of acute scrotal pain 
in prepubertal boys, with an incidence of 26% to 67% 
peaking between 6 and 12 years of age80,130,131 (Fig. 
56-42). Torsion of a testicular appendage may produce 
the same clinical signs and symptoms of testicular torsion 

FIGURE 56-42. Testicular appendages. Appendix 
testis, appendix epididymis, and appendix vas (vas aberrans of 
Haller). (From Leape LL. Torsion of the testis. In Welch KJ, Ran-
dolph JG, Ravitch MM, editors. Pediatric surgery. St Louis, 1986, 
Mosby.)
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emergency. Improved salvage rates have been shown if 
surgery to repair a ruptured testis is performed within 72 
hours of the traumatic event.129 Sonographic findings of 
rupture (Fig. 56-44) include diffuse parenchymal hetero-
geneity with loss of a normal, smooth contour and dis-
ruption of the tunica albuginea, extrusion of seminiferous 
tubules, and nonvisualization of the testis. The presence 
of flow on color flow Doppler imaging in the trauma-
tized testis is helpful in excluding testicular ischemia. 
Testicular hematomas appear as avascular masses, the 
echogenicity of which varies depending on the age of the 
hematoma.82 Associated findings include scrotal hema-
tomas, hematoceles, and wall thickening. Complications 
of testicular rupture include infarction, chronic pain, 
abscess, and infertility. Although ultrasound may aid in 
evaluating the traumatized scrotum, controversy sur-
rounds its usefulness because some clinicians question its 
accuracy and recommend early surgical exploration even 
in the absence of testicular rupture.136

Acute idiopathic scrotal edema is a less common 
cause of scrotal edema that may involve one or both 
testes. This uncommon condition typically affects boys 
between 5 and 11 years of age, and patients present  
with scrotal swelling, erythema, and minimal pain (Fig. 
56-45). Swelling may extend to the anterior abdominal 
wall and perineum. Sonographic findings include marked 
thickening of the scrotal wall, with normal testes and 
epididymides.83,91,138 Color flow Doppler imaging may 
show normal or slightly increased flow to the scrotal wall 

FIGURE 56-43. Torsion of appendix epididymis in 
12-year-old boy with 10 hours of scrotal pain. 
Sagittal color flow and pulsed wave Doppler image of the scrotum 
reveals an enlarged avascular paratesticular mass (arrows) with 
increased flow in the adjacent epididymis. Normal testicular flow 
detected, excluding testicular torsion. A reactive, complex hydro-
cele (H) is seen. (Case courtesy Heidi Patriquin, MD.)

H

FIGURE 56-44. Testicular rupture in patient with scrotal pain after groin kick. A, Longitudinal view of the inferior 
aspect of the left testis shows disruption of the tunica albuginea (straight arrows) with extrusion of seminiferous tubules (curved arrows). 
Associated hematocele (H) is present. T, Testis. B, Color flow Doppler image of the left testis reveals heterogeneity, representing contusion 
and hemorrhage within the testicular parenchyma. Intratesticular flow excludes infarction.
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adrenal hemorrhage,101 hepatic laceration, or delayed 
splenic rupture in a battered child. Scrotal swelling has 
been reported in association with inflammatory or infec-
tious conditions, such as acute appendicitis, perforated 
appendicitis,100 or Crohn’s disease.103 Another unusual 
cause for scrotal swelling is testicular vein thrombosis 
from a femoral venous line during cardiac catheteriza-
tion. In the neonate with scrotal swelling and in older 
children with scrotal swelling of uncertain cause, abdom-
inal sonography may help diagnose a primary abdominal 
event as the cause for secondary scrotal pathology.101

SCROTAL MASSES

Intratesticular Causes

Sonography plays an important role in the evaluation of 
scrotal masses by confirming the presence of a lesion, 
determining its site of origin, and characterizing its  
contents. Ultrasound has almost 100% sensitivity in 
detecting testicular tumors.143,144 Ultrasound is able to 
distinguish intratesticular and extratesticular tumors in 
only 90% to 100% of cases.95 This distinction is impor-
tant because most intratesticular masses are malignant 
and most extratesticular masses are benign. Benign  
and malignant testicular tumors are the seventh most 
common neoplasm in children. About 80% of testicu-
lar tumors are malignant. In the pediatric age group, 
there are two peak incidences of testicular neoplasms: in 
children younger than 2 1

2 years (60%) and in late ado-
lescence (40%). The incidence of malignancy in a crypt-
orchid (abdominal) testis is increased by a factor of 30 
to 50. Both seminomas (malignant) and gonadoblasto-
mas (benign) often develop in dysplastic gonads associ-
ated with undescended testes, testicular feminization 
syndrome, male pseudohermaphroditism, and true 
hermaphroditism.140

Testicular tumors account for about 1% of all child-
hood neoplasms and for 2% of solid malignant tumors 
in boys.145,146 Primary testicular neoplasms are divided 

with normal flow to the testes and epididymides.114,138-140 
Acute scrotal edema resolves spontaneously within 
several days without sequelae.

Scrotal or testicular involvement is estimated in 15% 
to 38% of patients with Henoch-Schönlein purpura, a 
vasculitis involving small vessels and affecting the skin, 
gastrointestinal tract, joints, and kidneys. Sonographic 
findings include diffuse swelling of the scrotum and con-
tents with intact testicular flow, obviating the need for 
surgery in this entity, which usually resolves spontane-
ously and completely.141 The echotexture of the testes 
is normal, but there is generally bilateral epididymal 
enlargement with a heterogeneous echo pattern, reactive 
hydrocele, and scrotal wall thickening.139,140 Color flow 
Doppler imaging reveals hypervascularity, especially in 
the thickened scrotal wall and epididymis with normal 
intratesticular flow.142 Careful examination for the classic 
purpuric rash over the buttocks, lower extremities, and 
perineum aids in diagnosis.84

Fournier’s gangrene, also called “spontaneous gan-
grene,” is a necrotizing infection of the scrotum that 
presents with erythema and edema of the scrotum and 
inferior penile surface.143 There is obliterative endarteri-
tis of the branches of the pudendal artery and scrotal  
wall edema. The testicular artery is not involved, and 
thus the testis and spermatic cord are unaffected and 
appear normal sonographically. The infection is caused 
by aerobes and anaerobes, including gas-forming organ-
isms. Sonographically, the scrotal skin and soft tissues 
are thickened and heterogeneous, containing hypoechoic 
and hyperechoic areas that reflect the presence of edema 
and gas bubbles.

Scrotal swelling and pain may also be secondary 
to an intra-abdominal process, especially in neonates 
with a patent processus vaginalis. Various fluids, such  
as blood, chyle, pus, dialysis fluid, cerebrospinal fluid 
(CSF) from ventriculoperitoneal shunt, or other intra-
peritoneal fluids can drain into the scrotum. Blood from 
the abdomen can enter the scrotum through diapedesis 
into the tissue planes or through a patent processus vagi-
nalis and can be the presenting signs in patients with 

FIGURE 56-45. Acute idiopathic scrotal edema with normal testes in 4-year-old boy with sudden, pain-
less, scrotal swelling. Transverse (A) sonogram of the scrotum and sagittal (B and C) images of the left hemiscrotum using a stepoff 
pad reveal marked scrotal swelling, normal right testis (t), and epididymis (e) with an adjacent hydrocele (h). The left testis and epididymis 
(not shown) were also normal.
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85% of benign teratomas contain well-differentiated ele-
ments from all three germ cell layers. There are poorly 
differentiated elements in approximately 15% of these 
tumors, but even so, the tumor usually has a benign 
course.145 In pubertal patients, however, teratomas are 
often malignant and tend to behave more aggressively, 
necessitating orchiectomy.

Seminoma, the most common testicular tumor in 
adults, is rare in children, is most often associated with 
cryptorchidism, and when present, is usually in adoles-
cents. Seminomas generally are uniformly hypoechoic 
masses, rarely containing areas of necrosis and hemor-
rhage95,147 (Fig. 56-46). On the other hand, teratomas 
and teratocarcinomas are complex masses with 
hypoechoic areas from serous fluid and hyperechoic  
areas representing fat and calcifications.95,146-148 The 
remaining germ cell tumors have nonspecific, variable 
appearances.147 When the tunica is invaded by aggressive 
tumors, the testicular contour appears irregular.  
Testicular tumors are accompanied by reactive hydro-
celes in 20% to 25% of cases.145,149 The scrotal skin is 
rarely thickened in the presence of tumors, and when 
observed in the presence of a mass, is generally indicative 
of an inflammatory process.

Doppler is useful in the evaluation of testicular tumors, 
with degree of vascularity dependent on tumor size. 
Larger tumors are usually hypervascular, but tumors less 
than 1.5 cm in diameter tend to be avascular or hypo-
vascular.150 One may demonstrate tumor vascular dis-
placement or compression or a normal vascular course. 
In some cases a tumor may not be obvious on gray-scale 
imaging but is obvious with color flow Doppler imaging. 
RI determinations do not aid in diagnosis.151

The most common primary non–germ cell tumors of 
the testes are Leydig cell and Sertoli cell tumors.152 
These stromal tumors account for about 10% of  

into those of germ cell and non–germ cell origin. In 
prepubertal children, 70% to 90% of primary testicular 
neoplasms are of germ cell origin, and most of these 
(66%-82%) are endodermal sinus tumors (yolk sac 
carcinomas). Yolk sac tumor is localized to the scrotum 
at presentation in most patients (≥80%).145,146 The 
remaining 20% of patients present with lymphatic 
spread to regional and retroperitoneal lymph nodes or 
hematogenous spread to distant sites. Survival is about 
70% or greater with disease restricted to testis.145 Embry-
onal cell carcinomas, teratocarcinomas, and choriocarci-
nomas are more aggressive tumors and metastasize early 
through lymphatic and hematogenous routes. Endoder-
mal sinus tumors occur primarily as a painless scrotal 
mass in infants 12 to 24 months of age. There may be 
an associated ipsilateral hydrocele (25%) or inguinal 
hernia (21%). The tumor may metastasize to the lungs, 
especially in older children, but retroperitoneal lymph 
node metastasis is rare. Embryonal carcinoma usually 
occurs in adolescence or young adulthood. It is highly 
malignant and usually spreads to retroperitoneal and 
mediastinal lymph nodes, with hematogenous metastases 
to the lung, liver, and brain.140 Elevated serum alpha-
fetoprotein levels are common in yolk sac and embryonal 
cell tumors, whereas elevated serum levels of β-hCG 
are seen most often with embryonal cell tumors and 
teratocarcinomas.145,146

The remaining germ cell tumors seen in adolescents 
and adults are benign teratomas, embryonal carcinomas, 
teratocarcinomas, and choriocarcinomas.145 Testicular 
teratoma is the most common benign germ cell tumor 
of the testis in infants and young children. Teratomas 
are most often seen in children younger than 4 years. 
Patients with testicular neoplasms usually present with 
painless scrotal or testicular enlargement. Pain secondary 
to torsion or hemorrhage into the tumor is rare.90 About 

FIGURE 56-46. Seminoma in 18-year-old patient with painless left scrotal mass. A and B, Sagittal and transverse 
sonograms of the left testis demonstrate a testicular volume of 25 mL, with a lobulated, heterogeneous, relatively hypoechoic mass occupy-
ing most of the testis with a thin rim of normal testis and a few tiny clusters of calcification, as well as multiple, tiny, brightly echoic 
speckles both inside and outside the mass. The tiny speckles represent microlithiasis.
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generally benign, solid, hypoechoic masses usually found 
at surgery to remove intra-abdominal dysplastic 
gonads.145,153 Other benign testicular masses include 
hemangiomas, neurofibromas, lipomas, fibromas, epi-
dermoids, and cysts.145,154 There are also nonneoplastic 
lesions that resemble benign solid neoplasms, including 
cystic dysplasia, adrenal rests, hematomas, and Leydig 
cell hyperplasia.155 The sonographic appearance is quite 
variable, but characteristically the epidermoid cyst is 
hypoechoic, well circumscribed, and contains internal 
echoes or an onion-skin lamellated appearance156 (Fig. 
56-48). Adrenal rests appear in the testes when fetal 
adrenal cortical cells migrate coincidentally with the 
gonadal tissue during embryologic development. Adrenal 
rests form tumorlike masses in response to increased 
levels of adrenocortical hormones, usually caused by 
congenital adrenal hyperplasia and Cushing’s syn-
drome. At sonography, adrenal rests appear as round, 
variably sized, hypoechoic, solid intratesticular nodules, 
usually located near the mediastinum testis.155,157,158 
They are usually bilateral intratesticular nodules that 
may enlarge or regress over time.158 The rests resemble 

tes ticular neoplasms and are usually hormone-secreting 
masses.146 The Leydig cell tumors account for about 60% 
of the non–germ cell tumors and Sertoli cell tumors, 
about 40%. Leydig cell tumors are typically seen in 
patients age 3 to 6 years and produce testosterone, which 
results in precocious virilization. Patients with Sertoli 
cell tumors usually present with painless masses within 
the first year of life. Most are hormonally inactive, but 
some secrete estrogen that results in gynecomastia. Both 
these non–germ cell tumors are slow growing and virtu-
ally always benign in prepubertal patients.140 These 
tumors are usually small, well-circumscribed hypoechoic 
lesions95,147 (Fig. 56-47). In larger lesions, cystic spaces 
may develop secondary to hemorrhage and necrosis. 
Orchiectomy is curative, although tissue-sparing surgery 
is possible for Leydig cell tumors.

Another rare tumor is the gonadoblastoma, which is 
found in phenotypic females with streak gonads or in 
patients with a male karyotype and testes.91,145,146 These 
tumors are usually small, well-circumscribed hypoechoic 
lesions.95,147 In larger lesions, cystic spaces may develop 
secondary to hemorrhage and necrosis. These are  

FIGURE 56-47. Leydig cell tumor in 8-year-old boy with 6-month history of precocious puberty. A, Gray-scale 
sagittal sonogram of left testis demonstrates a 1.3 × 1.0 × 1.0–cm hypoechoic, well-defined mass with peripheral areas of brighter echo-
genicity. B, Sonogram demonstrates arterial flow within the mass.
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FIGURE 56-48. Epidermoid cyst. A, Sagittal, magnified sonogram shows a sharply defined lesion composed of multiple circular 
layers caused by epidermal tissue. B, Histologic specimen. (Courtesy Janet Strife, MD, Cincinnati Children’s Hospital.)
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with testicular tumors. This may reflect the histologically 
different tumors affecting different age groups.

Color flow Doppler imaging is helpful in the evalu-
ation of pediatric testicular tumors. Disorganized hyper-
vascular blood flow was seen in six (86%) of seven 
patients in a study of pediatric patients with testicular 
tumors by Luker and Siegel.162 Although all the patients 
had testicular enlargement, the testicular echotexture in 
four (57%) of seven patients was normal; thus color flow 
Doppler was helpful in depicting the tumor in these 
patients. Hypervascularity with normal echogenicity 
may be seen in orchitis; however, orchitis without epi-
didymitis is uncommon, especially in prepubertal chil-
dren, and history helps in distinguishing the two entities 
because tumor frequently presents as an enlarged, non-
tender mass.162 The management of testicular tumors in 
childhood has evolved during the last 20 years as a result 
of a multicenter retrospective survey that identified the 
preoperative and intraoperative criteria of nonmalig-
nancy and analyzed the results of conservative manage-
ment of a testicular mass. Valla166 reported the findings 
of the Study Group in Pediatric Urology. A testicular 
tumor in children had a 50% chance of being benign, 
and ultrasound results were more conclusive than clinical 
criteria in limiting the preoperative diagnosis to tera-
toma, epidermoid cyst, and particularly, simple cyst. The 
group concluded that treatment selection according to 
clinical, biologic, radiologic, and frozen-section findings 
should allow appropriate decision making regarding 
testis-sparing surgery without additional oncologic risk, 
and with an esthetic, psychological, and functional 
benefit.166 Patients with solitary simple cysts, which 
are uncommon testicular masses, present with painless 
scrotal enlargement.167 These lesions are benign and thus 
may be followed with sonography. In infants, growth  
of the cyst may cause compression and replacement of 
testicular parenchyma. Thus, early conservative surgery 
with removal of the cyst and preservation of the adjacent 
parenchyma may be performed.168 Simple enucleation 
suffices when sonography demonstrates that the cyst is 
undoubtedly simple. The cysts are anechoic masses with 
smooth walls, no nodular or solid elements, and increased 
sound transmission. They differ from epidermoid cysts 
and other cystic neoplasms that contain internal echoes.

Extratesticular Causes

Hydroceles are an abnormal collection of serous fluid in 
the scrotal sac and represent the most common cause of 
painless scrotal enlargement in children. Hydroceles may 
be congenital or acquired. In neonates and infants, virtu-
ally all hydroceles are congenital. As the testis descends 
into the scrotum, it becomes invested with a portion of 
peritoneum, the processus vaginalis. At birth, the proces-
sus vaginalis normally closes off proximally and forms 
the tunica vaginalis. A variable amount of peritoneal 

Leydig cell tumors histologically and sonographically, 
but the clinical setting of abnormal hormonal levels asso-
ciated with hyperfunctioning adrenals usually clarifies 
the diagnosis.159

The testes are a well-known sanctuary site for leuke-
mia and lymphoma (Fig. 56-49). Clinically silent tes-
ticular involvement may be seen in 25% of boys with 
newly diagnosed acute lymphoblastic leukemia. The 
testes may be enlarged, homogeneously hypoechoic, or 
contain focal hypoechoic masses.160,161 Bilateral involve-
ment is most common, and color Doppler flow is almost 
always increased, with a disorganized vascularity.162 Neu-
roblastoma, Wilms’ tumor, Langerhans cell histiocy-
tosis, retinoblastoma, rhabdomyosarcoma, and sinus 
histiocytosis may metastasize to the testes.163 The spread 
may be lymphatic or hematogenous, or by direct exten-
sion from contiguous tumor. The masses are painless and 
firm, or there may be diffuse testicular enlargement. The 
sonographic findings in all these testicular tumors are  
not specific. The involved testicle is usually enlarged  
with a globular or lobulated contour. Both primary and 
metastatic tumors may result in focal masses or diffuse 
involvement. The echogenicity ranges from hypoechoic 
to hyperechoic, and the parenchyma may be homo-
geneous or heterogeneous with areas of decreased  
echogenicity, reflecting hemorrhage or necrosis or  
areas of increased echogenicity reflecting calcifica-
tion.151,160,162,164,165 At times, the echogenicity will be 
normal.162 Gray-scale abnormalities may be seen more 
frequently in the testes of older postpubertal patients 

FIGURE 56-49. Leukemic infiltration of testis in 
20-year-old man with acute lymphocytic leukemia 
relapse. Sagittal image reveals an enlarged right testis with an 
oval, hypoechoic mass (calipers) representing focal leukemic 
infiltration.
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after the left. Sonography may demonstrate fluid- or air-
containing bowel loops in the scrotum, normal testis, 
and epididymis, and an echogenic area representing her-
niated omentum173 (Fig. 56-51). Lack of peristalsis 
within herniated bowel loops suggests ischemia. Isch-
emia and incarceration (nonreducibility of bowel loops) 
convert an elective procedure to emergent surgery. Extra-
testicular pathology, such as hematoceles, loculated 
hydroceles, scrotal abscesses, and urinomas, can mimic 
fluid-filled bowel loops, and herniated omentum can be 
confused for a primary scrotal mass. Thus, examination 
of the inguinal canal and the region of Hesselbach’s 
triangle is recommended to evaluate for a hernia sac and 
exclude a primary scrotal pathology.

Other scrotal masses often identified in adolescent and 
postpubertal males are varicoceles, spermatoceles, and 
epididymal cysts.173 Varicoceles represent dilated veins 
in the pampiniform plexus positioned posterior to the 
testis. The majority (85%-98%) are on the left side.174 
The presence of varicoceles in young boys is uncommon 
and may result from compression of the spermatic cord 
by tumor. Gray-scale sonographic evaluation reveals 
small, serpentine, anechoic structures that display flow 
on color Doppler imaging and venous waveforms on 
pulsed Doppler imaging. Augmentation of Doppler flow 
occurs with a Valsalva maneuver and upright positioning 
(Fig. 56-52). Spermatoceles occur in the epididymal 
head and consist of fluid, spermatozoa, and sediment. 
Epididymal cysts contain no spermatozoa and can 
occur in the epididymal head, body, or tail. Sonographic 
examination shows round structures with good through-
transmission and well-defined back walls, which may 
contain debris (Fig. 56-53). They range in size from a 
few millimeters to several centimeters.171 Other cystic 
lesions include spermatic cord cysts and cysts of the 
tunica vaginalis.

Paratesticular Tumors

Both benign and malignant paratesticular tumors are 
rare and generally involve the epididymis or spermatic 

fluid may be trapped within the tunica vaginalis, forming 
a stable hydrocele in the neonate. This fluid is resorbed 
slowly during the first 18 months of life. If the processus 
vaginalis fails to close, an open communication exists 
between the peritoneal cavity and the scrotum. This can 
result in a scrotal hernia or a communicating hydrocele 
with a varying amount of fluid. Extension of the hydro-
cele into the pelvis can be seen in a communicating 
hydrocele. Surgical ligation is required to close the patent 
processus vaginalis.169

The usual sonographic appearance of a hydrocele  
is an anechoic, well-demarcated area with increased 
through-transmission (Fig. 56-50). In older children, 
hydroceles are generally acquired. The presence of echoes 
or septations in the fluid suggests a reactive hydrocele 
caused by infection, torsion, trauma, or tumor. Other 
collections, such as chronic hemorrhage or lymphoceles 
(associated with ipsilateral renal transplantation), may be 
seen and mistaken for a reactive hydrocele. These result 
from lymphatic disruption with leakage of lymph fluid 
into the tunica vaginalis or from direct extension of a 
periallograft lymphocele through the inguinal canal.170 
They appear on ultrasound as septated fluid collections 
surrounding the testes.

Hematoceles are collections of blood in the tunica 
vaginalis. Most are the result of surgery or trauma169 but 
may also be secondary to bleeding disorders or malignant 
tumors.171,172 They appear on sonography as fluid collec-
tions with low-level internal debris, septations, or fluid-
debris levels. Scrotal wall thickening may be present with 
chronic hematoceles.

Scrotal hernia is a common mass in boys that is 
usually evident clinically. Inguinal hernias are almost 
always the result of a patent processus vaginalis (indirect 
hernia) into the scrotal sac. Hernias are more frequently 
right sided because the right processus vaginalis closes 

FIGURE 56-50. Bilateral hydroceles in newborn. 
Transverse view of the scrotum shows both testes outlined by 
large, anechoic fluid collections.

FIGURE 56-51. Inguinal hernia in baby with right 
inguinal mass. Sagittal sonogram of the right hemiscrotum/
inguinal area demonstrates brightly echoic fatty mesentery extend-
ing from the peritoneal cavity into the right inguinal canal, abut-
ting the right testis.
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cord. They may also arise in the appendix testis or tes-
ticular tunics. About 30% of spermatic cord tumors are 
malignant and generally are caused by embryonal rhab-
domyosarcoma145,175 (Fig. 56-54). This tumor usually 
appears as a rapidly growing, painless, intrascrotal mass 
in boys younger than 5 years. Up to 40% have retroperi-
toneal lymph node involvement at diagnosis.175 Other 
malignant lesions include metastatic neuroblastoma, 
lymphoma, leiomyosarcoma, and fibrosarcoma.164,176,177 
They are usually well-defined, homogeneous or hetero-
geneous, hypoechoic solid masses. Benign paratesticular 
tumors include fibromas, hemangiomas, lipomas, leio-
myomas, lymphangiomas, and neurofibromas. Both 
benign and malignant paratesticular tumors may appear 
hypoechoic or hyperechoic, and heterogeneity may be 
evident. Ultrasound cannot clearly distinguish benign 
from malignant lesions.178 Increased vascularity on 
Doppler imaging in a paratesticular rhabdomyosarcoma 
may mimic that seen with epididymitis.175 Thus, clinical 
and sonographic follow-up should be performed in 

FIGURE 56-53. Epididymal cysts. This teenage boy presented with left-sided scrotal masses. A, Sagittal scan demonstrates a small 
cyst (arrow) in the head of the epididymis and a normal left testis. B, Transverse scan of the inferior aspect of the left testis demonstrates 
a larger cyst (arrow) in the adjacent tail of the epididymis. A small hydrocele is present.
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FIGURE 56-54. Paratesticular rhabdomyosarcoma. 
Large, solid mass was identified medial to left testis (T) with a 
small amount of free intrascrotal fluid in this 18-month-old boy.
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FIGURE 56-52. Left varicocele in postpubertal patient complaining of feeling “wormlike” structures in 
left side of scrotum. A, Transverse color Doppler sonogram of the left testis shows multiple areas filled with color in the paratesticular 
tissues lateral to the normal-appearing left testis. B, Sagittal scan of the paratesticular tissues demonstrates prominent, anechoic, tortuous, 
tubular structures. C, Exuberant color Doppler flow and enlargement of these paratesticular veins is seen after Valsalva maneuver.
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Testicular microlithiasis is an asymptomatic condi-
tion that has a characteristic sonographic appearance and 
usually is discovered incidentally. It has been reported in 
normal patients, Down syndrome, cryptorchidism, and 
Klinefelter’s syndrome. Testicular microlithiasis repre-
sents calcified debris within the seminiferous tubules. 
The cellular debris has a calcific core and surrounding 
lamellated collagen, resulting from a failure of Sertoli cell 
phagocytosis. On ultrasound there are tiny (1-3 mm), 
hyperechoic, most often nonshadowing foci178 (Fig. 
56-56). The number of echogenic foci within the testis 
can range from a few to many. Although a benign disease, 
testicular microlithiasis is associated with conditions that 
have an increased risk of malignancy, such as cryptorchi-
dism, infertility, and testicular atrophy. In adults, Backus 
et al.183 reported in a retrospective study the presence 
of germ cell neoplasms in 17 (40%) of 42 patients with 
microlithiasis. Until the association of testicular micro-
lithiasis is better understood, clinical and sonographic 
monitoring of these patients is advised.

LOWER URINARY TRACT

Congenital Anomalies

Duplication anomalies of the collecting systems and 
ureters are the most common congenital anomalies of 
the urinary tract. In complete ureteral duplication the 
lower ureter inserts orthotopically into the trigone, often 
resulting in vesicoureteral reflux. The upper-pole ureter 
usually inserts ectopically in the bladder (at the bladder 
neck) or in the trigone (inferomedial to the normal loca-
tion). It can also insert into the urethra, vagina, or uterus 
in girls, resulting in urinary dribbling. In boys the 
ectopic ureter can insert in the proximal urethra, seminal 
vesicle, vas deferens, or ejaculatory duct. Urinary incon-
tinence is not a presenting symptom in boys because  
the ectopic insertion is always proximal to the external 

FIGURE 56-55. Meconium periorchitis in 5-year-
old boy with painless scrotal masses. Sagittal view of 
the left hemiscrotum using a stepoff pad shows two well-defined, 
oval, brightly echogenic masses with hypoechoic halos and acous-
tic shadows, which lie inferior to the normal left testis (T). (From 
Mene M, Rosenberg HK, Ginsberg PC. Meconium periorchitis pre-
senting as scrotal nodules in a 5-year-old boy. J Ultrasound Med 
1994;13:491-494.)

T

cases of suspected epididymitis to ensure resolution 
of any mass because patients with rhabdomyosar-
coma can present this way.178

The adenomatoid or fluid-filled masses, such as  
spermatoceles and cysts of the epididymis or tunica 
albuginea, are the most common benign paratesticular 
masses. Adenomatoid tumors are usually seen in 
the body of the epididymis and less often in the  
spermatic cord or testicular tunics. They are solid,  
well-circumscribed, variably echoic masses. Epididymal 
cystadenomas (associated with von Hippel–Lindau 
disease)179 and lymphangiomas are septated cystic 
masses.171,180 With splenogonadal fusion, a rare con-
genital anomaly, a mass of ectopic splenic tissue may be 
noted adjacent to the left testis.181

Focal calcifications from meconium periorchitis 
may appear as palpable scrotal masses (Fig. 56-55). 
These dystrophic calcifications result from in utero 
bowel perforation during the second or third trimester 
of gestation. Sterile intestinal contents (meconium) leak 
into the peritoneal cavity and enter the scrotum through 
a patent processus vaginalis and elicit a foreign body 
inflammatory response that results in focal calcifications. 
As with calcification elsewhere, these areas are echogenic 
with strong posterior shadows and may mimic a solid 
neoplasm, particularly a teratoma. Differentiation is 
based on the finding of additional intraperitoneal calci-
fications on sonography or plain film radiography of the 
abdomen.178 Eventually, spontaneous regression of these 
calcifications occurs, and thus conservative management 
is recommended.182 Differential diagnosis of scrotal or 
testicular calcifications in the pediatric patient includes 
teratoma, gonadoblastoma, Leydig cell tumor, testicular 
microlithiasis, calcified loose bodies, phleboliths, meco-
nium peritonitis, calcified hematomas, and postinflam-
matory or infectious scrotal calculi.

FIGURE 56-56. Testicular microlithiasis. Right testis in 
18-year-old patient with seminoma shown in Figure 56-46. Mul-
tiple, tiny, hyperechoic foci are seen scattered throughout the right 
testis, some of which are indicated by very small arrows.
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FIGURE 56-58. Simple ureterocele with stones in 
7-year-old child with recent mild trauma. Sagittal 
view of the left side of the bladder demonstrates a simple uretero-
cele (arrows) protruding into the bladder lumen, containing two 
brightly echogenic, shadowing calculi.

sphincter. Duplication anomalies are often asymptom-
atic; urinary tract infection (UTI) is the most common 
initial presentation. The upper-pole moiety often 
becomes obstructed as a result of an ectopic ureterocele. 
Sonography demonstrates a dilated upper-pole collecting 
system and ureter that ends distally as a well-defined, 
thin-walled cystic protuberance into the bladder base 
(Fig. 56-57). The lower-pole system is often dilated sec-
ondary to reflux.184 Less frequently, the lower-pole 
moiety may be dilated from obstruction of the ureteral 
orifice by the adjacent ectopic ureterocele or because  
of vesicoureteral reflux. About 10% to 20% of ectopic 
ureters are associated with a single collecting system (Fig. 
56-58). The renal parenchyma associated with an ectopic 
ureter may be dysplastic (containing echogenic paren-
chyma, loss of corticomedullary junction, and variably 
sized cysts).

Sonography is well suited for screening siblings of 
patients with vesicoureteral reflux who are at greater risk 
of having reflux than the general population. Giel et al.185 
showed that given the seemingly innocuous nature of 
vesicoureteral reflux in older asymptomatic siblings of 
known patients with reflux, observation alone in this 
group is an acceptable form of management. Ultrasound 
can be used as a reliable alternative to voiding cystoure-
thrography (VCUG) to screen these patients when the 
parent or physician is concerned about a particular child.

Posterior urethral valves are a common cause of 
urinary tract obstruction. Signs and symptoms at presen-
tation include palpable flank masses caused by hydrone-
phrosis or urinoma, poor urine stream, UTI, and failure 
to thrive. On sonography, the bladder has a thick,  
trabeculated wall, and the posterior urethra is dilated 
(Fig. 56-59). There may be marked hydronephrosis 

FIGURE 56-57. Ectopic ureterocele. Obstructed upper-pole moiety of a duplex kidney in a young baby with urinary tract infec-
tion. A, Sagittal sonogram of right kidney showing upper-pole “duplication cyst” and mild dilation of the intrarenal collecting system in 
the lower pole surrounded by normal parenchyma. B, Sagittal view of the pelvis demonstrates a large, ectopic ureterocele within the urinary 
bladder, which is in continuity with the greatly dilated, tortuous, upper-pole ureter (arrows).
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echogenic kidneys usually devoid of corticomedullary 
differentiation and often containing tiny cysts.186 The 
appearance of the renal parenchyma has predictive value 
in infants with posterior urethral valves in regard to 
potential renal function.187

The prune-belly syndrome (abdominal muscle defi-
ciency or Eagle-Barrett syndrome) is another common 
cause of urinary tract obstruction in infant boys. The 
syndrome is composed of a triad of absent abdominal 
musculature, bilateral hydroureteronephrosis, and crypt-
orchidism. There are three forms of urinary tract  
abnormality. In the most severe form, urethral atresia 
and renal dysplasia are present; these children have a very 
poor prognosis and generally die in infancy. Associated 
congenital anomalies are frequent and include intestinal 
malrotation or atresia, imperforate anus, Hirschsprung’s 
disease, congenital heart defects, skeletal anomalies, and 
cystic adenomatoid malformation of the lung. In the  
less severe form of urinary tract abnormality, the bladder 
is large and atonic, and there is bilateral hydroure-
teronephrosis, impaired renal function, and no urethral 
obstruction. The changes are thought to be caused by  
a neurogenic dysfunction rather than a mechanical 
obstruction. There are usually no associated congenital 
anomalies, and these infants have a better prognosis.188 
In the mildest type of prune-belly syndrome, the urinary 
tract is only mildly affected.

Other uncommon forms of bladder outlet obstruction 
include anterior urethral valves, urethral duplication, 
congenital urethral stricture, anterior urethral diver-
ticulum, posterior urethral polyp189 (Fig. 56-60) and 
stones190 (Fig. 56-61). Rarely, a giant bladder diverticu-
lum many descend below the bladder neck and lead to 

with dilated, tortuous ureters secondary to vesicoureteral 
reflux. Occasionally, the reflux is unilateral, resulting in 
ipsilateral hydroureteronephrosis. The renal parenchy-
mal echogenicity may be abnormally increased as a result 
of long-standing reflux or obstructive nephropathy. 
Many infants with posterior urethral valves have second-
ary renal dysplasia, manifested on sonography as brightly 

FIGURE 56-59. Posterior urethral valves in 
newborn boy. Midline sagittal scan shows irregularly thick-
ened bladder wall (caused by obstruction), massively dilated pos-
terior urethra, and moderately dilated tortuous distal ureter. 
Arrows show the serosal surface of the bladder wall. (From Rosen-
berg HK. Sonography of pediatric urinary tract abnormalities. Part 
I. Am Urol Assoc Weekly Update Series 1986;35:1-8.)
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FIGURE 56-60. Congenital urethral polyp that caused prenatal hydroureteronephrosis in newborn boy. 
A, Voiding cystourethrography (VCUG) demonstrates an oval, polypoid mass in the posterior urethra (solid arrow) and posterior bladder 
wall thickening (open arrows). B, Sagittal sonogram of the bladder (B) 4 months later shows a solid polypoid mass (arrow) protruding 
from the bladder neck into the bladder lumen. (From Caro PA, Rosenberg HK, Snyder HM. Congenital urethral polyp. AJR Am J Roentgenol 
1986;147:1041-1042.)
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FIGURE 56-61. Urethral stone in fossa navicularis. 
Sagittal image of penis (P) using stepoff pad reveals a 7-mm cal-
culus (arrow) in the distal urethra of this 6-year-old boy with gross 
hematuria, dysuria, and suprapubic pain.

P

FIGURE 56-62. Congenital ureterovesical junction 
(UVJ) obstruction in infant with urinary tract 
infection. Sagittal sonogram of the bladder shows the dilated 
ureter (straight arrows), which tapers inferiorly at the UVJ (curved 
arrow).bladder outlet obstruction.191 VCUG, in addition to 

sonography, is usually necessary to identify these urethral 
obstructions.

The Ureter

The ureters cannot be visualized on ultrasound unless 
they are dilated. Real-time sonography can sometimes 
differentiate between mechanical obstruction and vesi-
coureteral reflux. In ureterovesical junction obstruc-
tion the distal ureter is dilated but may taper, making it 
difficult to visualize at the level of the bladder trigone, 
and at times, ureteral peristalsis is absent (Fig. 56-62). 
Sonography is useful for identification of a stone as the 
cause of distal ureteral obstruction (Fig. 56-63). With 
vesicoureteral reflux the ureterovesical junction is 
often gaping or patulous, and active peristalsis is  
demonstrated86,192 (Fig. 56-64). In patients with a dilated 
tubular structure posterior to the bladder, duplex and 
color flow Doppler ultrasound can be used to differenti-
ate a ureter, artery, or vein. In addition, color flow 
Doppler sonography allows reliable visualization of  
the ureteric jet phenomenon. Marshall et al.193 found 
that the distance of the ureteric orifice from the midline 
of the bladder correlated with vesicoureteric reflux when 
the mean distance was 10.25 mm ± 2.40 SD. Jequier 
et al.194 used color flow Doppler imaging to show that 
(1) the duration of the ureteric jet varied from 0.4 to 7.5 
seconds and depended largely on fluid intake, (2) the 
direction of the normal jet was anteromedial and upward, 
(3) jets from refluxing ureters could appear normal, and 
(4) Doppler analyses of the ureteric jet do not allow 
either the diagnosis or the exclusion of vesicoureteral 
reflux.194 Berrocal et al.195 demonstrated that cystosonog-
raphy with SH U-508A appears comparable to VCUG 
in the depiction of vesicoureteral reflux. Darge et al.196 

showed that the number of VCUGs was significantly 
reduced as a result of implementation of voiding  
urosonography using the intravesical application of the 
ultrasound contrast agent Levovist.

Neurogenic or Dysfunctional 
Bladder

Urinary tract sonography has become a routine screening 
procedure in children with neurogenic or dysfunctional 
bladders. The most common cause of neurogenic bladder 
in children is myelomeningocele. Other acquired forms 
of dysfunctional bladder include traumatic paraplegia, 
cerebral palsy, spinal cord tumor, and encephalitis or 
transverse myelitis. These children have a higher inci-
dence of UTI, bladder stones, and reflux. Sonography of 
a neurogenic bladder demonstrates an irregularly thick-
ened, trabeculated bladder wall, often with multiple 
diverticula (Fig. 56-65). Echogenic material within the 
bladder lumen may represent complications of infection, 
hemorrhage, stone formation, or foreign body insertion 
via the urethra.197 Ultrasound can also be used to assess 
the patient’s ability to empty the bladder spontaneously 
or after Credé maneuver or catheterization. Residual 
urine volumes can be estimated as described earlier.198

Urachal anomalies can be identified on ultrasound 
when there is persistence of the embryonic tract between 
the dome of the bladder and umbilicus. Cacciarelli 
et al.199 identified a normal urachal remnant in 62% of 
bladder sonograms in children.10,200 A normal urachal 
remnant appears as a small (6.2 mm depth × 13 mm 
length × 11.8 mm width), elliptical, hypoechoic struc-
ture located posterior to the rectus abdominis muscle 
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FIGURE 56-63. Distal ureter stone. This 14-year-old patient presented with hematuria and right flank pain that radiated to the 
right groin. A, Mild right-sided hydronephrosis. B, Small stone (arrow) is lodged in the mildly dilated distal ureter, with acoustic shadow-
ing of the ultrasound beam. C, Color Doppler sonogram shows “twinkle” artifact, confirming the presence of a stone.
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FIGURE 56-64. Vesicoureteral reflux. Moderately dis-
tended ureter (U) can be traced to patulous ureterovesical junction 
(arrow); B, bladder. (From Sherman NH, Boyle GK, Rosenberg HK. 
Sonography in the neonate. Ultrasound Q 1988;6:91-150.)
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FIGURE 56-65. Neurogenic bladder in 14-year-old 
boy with spina bifida. Sagittal view of an overdistended 
bladder demonstrates multiple small diverticula (arrows). (From 
Sherman NH, Rosenberg HK. Pediatric pelvic sonography. In Fisher 
MR, Kricun ME, editors. Imaging of the pelvis. Rockville, Md, 
1989, Aspen.)
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and urachal cyst (urachus obliterated at both ends with 
extraperitoneal position of isolated cyst)201 (Fig. 56-66, 
A). Two sonographic patterns have been described in 
urachal anomalies: (1) a cystic mass, often with internal 
echoes or septations caused by infection, and (2) an 
echogenic, thickened, tubular sinus tract (8-15 mm in 
diameter)201 (Fig. 56-66, B).

Other anomalies of the lower urinary tract that can be 
identified on ultrasound include ectopic pelvic kidney, 
seminal vesicle cysts (Fig. 56-67), müllerian duct 
(prostatic utricle) cysts (Fig. 56-68), and congenital or 
acquired bladder diverticula202 (Fig. 56-69).

and on the midanterosuperior surface of the distended 
bladder. Involution of the urachus is not complete at 
birth and can be followed up on sonography during the 
first months of life. Thus, young infants with a discharg-
ing umbilicus or an infected urachus may benefit from 
a conservative approach using serial sonography as a 
guide because sonography can document spontaneous 
involution as well as abnormal development.10 There are 
four types of urachal anomalies: patent urachus (com-
pletely open urachal lumen asso ciated with urinary 
drainage from umbilicus), urachal sinus (opening to 
umbilicus), urachal diverticulum (opening to bladder), 

FIGURE 56-66. Urachal abnormalities. A, Patent urachus (urachal lumen communicates with both umbilicus and bladder); 
vesicourachal diverticulum (urachal lumen communicates only with bladder); urachal sinus (urachal lumen communicates only with 
umbilicus); and urachal cyst (does not communicate with bladder or umbilicus). B, Infected urachal cyst. This 6-year-old boy presented 
with lower abdominal pain, fever, intermittent diarrhea, polyuria, and dysuria. Sagittal midline scan of pelvis shows thick-walled cystic 
lesion (C) above the bladder dome (B) containing internal echoes caused by infectious debris. Smaller, hypoechoic area more superior 
(arrow) was caused by necrotic adenopathy. (A from Boyle G, Rosenberg HK, O’Neill J: An unusual presentation of an infected urachal cyst: 
review of urachal anomalies. Clin Pediatr 1988;27:130-134.)
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FIGURE 56-67. Seminal vesicle cyst in 17-year-old male with right renal agenesis. A, Transverse sonogram shows 
tubular structure (arrow) with a rounded portion projected over bladder (B). B, Intraoperative cystoscopic retrograde injection of aqueous 
contrast material confirms the presence of a seminal vesicle cyst.
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FIGURE 56-68. Utricle in 4-year-old true hermaph-
rodite. This child was reared as a boy after external genitalia 
reconstruction. Sagittal view of the bladder reveals a fluid-filled, 
tubular utricle posterior to the bladder base.

Bladder

Utricle

FIGURE 56-69. Bladder diverticula in 12-year-old boy. A, Transverse sonogram of the bladder (B) shows two oval structures 
inferolateral to the bladder base, which could be distal ureters. Sagittal views of right side (B) and left side (C) of the bladder demonstrate 
a neck from each connecting the diverticula to the bladder.
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Infection

Urinary tract infections are common in children, espe-
cially girls, and are usually the result of cystitis. Clini-
cally, these children may present with urinary frequency, 
incontinence, dysuria, and/or hematuria.203,204 The UTI 
is usually bacterial. Hemorrhagic cystitis can develop 
secondary to a viral infection (Fig. 56-70), chemotherapy 
with cyclophosphamide, or indwelling catheters. Granu-
lomatous cystitis in a patient with chronic granuloma-
tous disease of childhood can be detected on ultrasound. 
On sonography, the bladder may appear normal in  
mild cases of cystitis. More specific signs of cystitis are 
diffuse or focal bladder wall thickening and irregularity 
(Fig. 56-71). Echogenic material in the bladder lumen 
may represent purulent or hemorrhagic urine. Bladder 
calculi are more common with Proteus or Pseudomonas 

infections. With cystitis cystica or cystitis glandularis, 
rounded, isoechoic or hypoechoic, polypoid lesions  
may protrude into the lumen, mimicking a bladder 
tumor (Fig. 56-72, A and B). Rosenberg et al.205 reported 
children with hematuria, dysuria, and frequency plus 
cystographic or sonographic demonstration of a bladder 
with reduced capacity and circumferential wall thicken-
ing, or sonographic findings of isoechoic bladder wall 
thickening (focal, multifocal, or circumferential distribu-
tion), intact mucosa, and bullous lesions. These findings 
should strongly suggest inflammation and not malig-
nancy. In addition, changing mass contour and thickness 
with increasing bladder filling are particularly suggestive 
of inflammatory thickening (Fig. 56-72, C-E ). When an 

FIGURE 56-70. Viral cystitis in 11-year-old boy 
with frequency, hematuria, and dysuria. Transverse 
sonogram shows lobulated thickening (cursors) of the bladder wall.
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FIGURE 56-71. Cystitis. A, Chronic bacterial cystitis. Transverse sonogram demonstrates bladder wall thickening (arrow). B and C, 
Cyclophosphamide (Cytoxan) cystitis in child after bone marrow transplant. The bladder wall is thickened and hyperemic. Some debris 
and septations are noted within the bladder lumen.
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FIGURE 56-72. Bullous, benign cystitis from cytomegalovirus after 24 hours of dysuria and hematuria. 
A, Sagittal sonogram of the bladder (B). Complex mass containing multiple, well-circumscribed, hypoechoic and anechoic, polypoid lesions 
(arrows) arising from the dome and projecting into the lumen. B, Hemorrhagic cystitis. Transverse view of the bladder (B) shows asym-
metrical bladder wall thickening involving left half of bladder (black arrows) with polypoid-like protrusions of thickened wall (small white 
arrows) into bladder lumen. C, Frontal image from a voiding cystourethrography (VCUG) shows concentric irregular narrowing of the 
distal third of the bladder above the bladder base (arrows). D, Sagittal sonogram with partial bladder (B) filling shows tremendous masslike 
thickening of the posteroinferior bladder walls (arrows). E, Sagittal sonogram obtained after further bladder (B) filling shows a decrease 
in the size of the mass (arrows) with increased bladder distention. (B and E from Rosenberg HK, Zerin JM, Eggli KD, et al. Benign cystitis 
in children mimicking rhabdomyosarcoma. J Ultrasound Med 1994;13:921-932.)
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tissues (Fig. 56-74). Regional and retroperitoneal lymph 
node metastases are common. Rarely, leiomyosarcoma 
may arise from the bladder wall and is more likely to 
have calcifications (Fig. 56-75).

Benign tumors of the lower urinary tract are extremely 
rare and include transitional cell papilloma (Fig. 
56-76), neurofibroma, fibroma, hemangioma, and 
leiomyoma.207,208 Neurofibromatosis can be invasive, 
with diffuse involvement of the pelvic organs.209 Pheo-
chromocytoma of the bladder is a rare tumor that 

inflammatory lesion is suspected, follow-up imaging 
should be performed in 2 weeks, which will preclude 
biopsy if normal.205

Neoplasm

Rhabdomyosarcoma is the most common tumor of the 
lower urinary tract in children, with 21% arising from 
the genitourinary tract. The most frequent primary site 
is the bladder trigone or prostate. Less frequent sites of 
origin are the seminal vesicles, spermatic cord, vagina, 
uterus, vulva, pelvic musculature, urachus, and parates-
ticular area.39,206 There is a slight male predominance of 
1.6:1. The peak incidence occurs at 3 to 4 years of age; 
a second, smaller peak is seen in adolescence. The most 
common rhabdomyosarcoma cell type is the embryonal 
form, of which sarcoma botryoides is a subtype. The 
alveolar form is next in frequency; undifferentiated and 
pleomorphic types are uncommon. Tumors arising 
from the bladder, prostate, or both usually present early 
with symptoms from urinary tract obstruction and 
hematuria. Rhabdomyosarcoma has been reported to be 
associated with neurofibromatosis, fetal alcohol syn-
drome, and basal cell nevus syndrome.

On sonographic examination, rhabdomyosarcoma 
appears as a homogeneous, solid mass with an echotex-
ture similar to muscle. Anechoic spaces caused by necro-
sis and hemorrhage are occasionally seen (Fig. 56-73). 
Calcification is uncommon. Bladder lesions originate in 
the submucosa, infiltrate the bladder wall, and produce 
polypoid projections into the lumen (sarcoma botryoi-
des). Tumors arising in the prostate cause concentric or 
asymmetrical enlargement of the prostate and often infil-
trate the bladder neck, posterior urethra, and perirectal 

FIGURE 56-73. Rhabdomyosarcoma of bladder 
wall. Large, complex, polypoid-like mass (arrows) arises from 
base of the bladder (B) in this 9-year-old boy with painless hema-
turia. Asymmetrical bladder wall thickening was noted posterolat-
erally on patient’s left (arrowhead).

B

FIGURE 56-74. Prostatic rhabdomyosarcoma with bladder invasion in 11-month-old boy with pelvic pain. 
A and B, Transverse and sagittal sonograms of the pelvis demonstrate a large, solid mass arising inferior to the bladder neck (BL) invading 
the bladder base.
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type IIB (medullary thyroid carcinoma, mucosal neuro-
mas, and pheochromocytoma). Pheochromocytomas of 
the bladder may cause headache, blurred vision, diapho-
resis, palpitations, intermittent hypertension (70%), and 
hematuria (6%). Any of these symptoms may be seen 
with micturition.210 Benign polyps in the male urethra 
can arise from a stalk near the verumontanum and cause 
urinary tract obstruction.

Trauma

Trauma to the lower urinary tract in children is most 
often caused by blunt trauma. Foreign bodies and com-
plications of surgery are less frequent causes. The bladder 
in children is in a more intra-abdominal position than 
in adults, and therefore bladder rupture is usually intra-
peritoneal. Spontaneous bladder rupture is rare in chil-
dren and is seen primarily in neonates with urinary 
ascites secondary to urethral obstruction or neurogenic 
bladder. Preexisting abnormalities of the vesical wall, 
such as tumors, stones, tuberculosis, diverticula, and sur-
gical scars, can predispose a child to spontaneous rupture 
of the bladder.211 Sonography can demonstrate urinary 
ascites in cases of intraperitoneal rupture or a loculated 
fluid collection (urinoma) in the retropubic or perivesi-
cal space in extraperitoneal rupture.

Postoperative Bladder

Sonography has assumed an important role in the evalu-
ation of the postoperative bladder. Ureteral reimplanta-
tion is a common surgical procedure for the correction 
of persistent vesicoureteral reflux. The reimplanted ure-
teral segment is submucosal and contiguous to the 
bladder mucosa. Sonograms reveal an echogenic, fixed, 
tubular, submucosal structure without acoustic shadow-
ing at or just above the trigone. Occasionally, the reim-
planted ureter appears only as an area of focal thickening 
of the posterior bladder wall.212 Sonography is also useful 
for the demonstration of the echogenic mound present 
after treatment with Deflux (dextranomer–hyaluronic 
acid copolymer) as a first-line treatment for high-grade 
vesicoureteral reflux213 (Fig. 56-77).

Bladder augmentation is now a widely accepted sur-
gical procedure for the reconstruction of small-capacity 
bladders caused by exstrophy, neurogenic bladder, or 
tumor. Segments of bowel, usually the sigmoid, cecum, 
ileum, or the ileocecal segment, are anastomosed to the 
bladder to increase the size of the urinary reservoir. 
Sonography of the augmented bladder reveals a thick or 
irregularly shaped bladder wall (Fig. 56-78). Pseudo-
masses within the bladder lumen, representing bowel 
folds, mucous collections, or bowel that was surgically 
intussuscepted into the reconstructed bladder to prevent 
reflux, are a common finding. Fine debris and linear 
strands often float within the urine and probably repre-
sent mucus. Active peristalsis within the bowel segment 

probably arises in the paraganglia of the visceral (auto-
nomic) nervous system and is located submucosally 
either in the dome or in the posterior wall close to the 
trigone. In children, 2% of bladder pheochromocytomas 
are malignant. Pheochromocytomas can be seen in the 
context of familial syndromes or diseases, which include 
neurofibromatosis, von Hippel–Lindau disease, Sturge-
Weber syndrome, tuberous sclerosis, multiple endocrine 
neoplasia type A (medullary thyroid carcinoma and 
hyperparathyroidism), and multiple endocrine neoplasia 

FIGURE 56-75. Leiomyosarcoma of bladder. Trans-
verse scan of the bladder in a 14-year-old girl with bilateral reti-
noblastoma and severe dysuria shows a central, brightly echogenic, 
lobulated shadowing mass posteriorly and thickening of the left 
lateral wall of the bladder (arrows).

FIGURE 56-76. Transitional cell papilloma of 
bladder. Transverse sonogram of the bladder in a 7-year-old 
boy with hematuria reveals a polypoid, solid mass arising from the 
left posterior bladder wall.
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tract.216-218 In the child with a distended abdomen, 
ultrasound is a useful diagnostic tool for the detection 
of ascites, dilated fluid-filled bowel loops, masses, 
abscess collections, and closed-loop obstructions that 
may not be evident on the plain abdominal radio-
graphs.217 In a distal bowel obstruction, real-time ultra-
sound shows active peristalsis in dilated, fluid-filled, 
tubular-shaped proximal bowel loops. The small bowel 
mucosal pattern and colonic haustrations become oblit-
erated as the bowel lumen distends. The normal gut 
wall is uniform and compliant, with an average thick-
ness of 3 mm when distended. Acutely, the thickness 
of the bowel wall is normal, but as the obstruction per-
sists, the bowel wall thickens as a result of edema. In a 
paralytic ileus, peristaltic activity is greatly diminished, 
but the valvulae conniventes can be appreciated within 
discrete tubular loops.216

Distal bowel obstruction in the neonate results in  
the retention of meconium proximal to the obstruction. 
The meconium appears as echogenic material within the 
bowel lumen86 (Fig. 56-79). The most common causes 
of neonatal distal bowel obstruction include ileal atresia, 
meconium ileus, meconium plug syndrome, and 
Hirschsprung’s disease (Fig. 56-80). Although contrast 
enemas usually provide the diagnosis, ultrasound has 
been helpful in difficult cases. In meconium ileus the 
thick, tenacious meconium appears as brightly echogenic 
masses with little fluid within the small bowel lumen.219 
In contrast, the meconium in ileal atresia has a normal 
consistency, and the echogenic meconium is admixed 
with fluid-filled loops. In addition, sonography is useful 
for demonstration of a smaller than normal size caliber 
rectum.

can be identified on real-time imaging. Complications 
of bladder reconstructive surgery can be detected on 
ultrasound and include enterocystic anastomotic stric-
tures, ureteral reflux or obstruction, calculi, extra-
vasation, abscess, urinoma, hematoma, and large 
amounts of residual urine after voiding.214,215

GASTROINTESTINAL TRACT

Obstruction

Sonography has become an important imaging modal-
ity in the evaluation of the pediatric gastrointestinal 

FIGURE 56-77. Bilateral injections of Deflux into 
ureterovesical junctions. This 2-year-old girl had a history 
of recurrent urinary tract infection and bilateral vesicoureteral 
reflux. Note the round, brightly hyperechoic mounds of Deflux 
(arrows) at the trigones bilaterally.

FIGURE 56-78. Augmented bladder. Transverse view of 
the bladder (B) shows the thick wall of the anatomic bladder 
(straight black arrows) and the large augmentation (curved arrows); 
open arrows, haustral markings.

B

FIGURE 56-79. Meconium ileus. Transverse sonography 
of the right lower quadrant shows distended, meconium-filled, 
small bowel loops. (From Sherman NH, Boyle GK, Rosenberg HK. 
Sonography in the neonate. Ultrasound Q 1988;6:91-150.)
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FIGURE 56-81. Imperforate anus. A, Sonogram of the pelvis through a well-distended bladder demonstrates a fluid-filled rectal 
pouch extending inferiorly, implying a low, imperforate anus. B, In same newborn as A, perineal scan shows that the rectal pouch is in 
fact a covered anus (arrow); R, rectum. (From Rosenberg HK, Goldberg BB. Pediatric radiology: sonography. In Margulis AR, Burhenne HJ, 
editors. Alimentary tract radiology. 4th ed. St Louis, 1989, Mosby, pp 1831-1857.)

Bladder

A B

Rectal pouch

R

FIGURE 56-80. Hirschsprung’s disease. This 9-month-old boy presented with hypotonia, weakness, normocytic anemia, and 
large abdomen. A, Sagittal sonogram of pelvis shows narrow, unfilled rectum (thick arrow). Above this area is massively distended sigmoid 
(thin arrows) filled with tremendous fecal boluses that shadow the ultrasound beam. B, Bladder. B, Barium enema demonstrates collapsed 
aganglionic segment (solid arrow) and distended, feces-filled sigmoid colon (open arrow). (From Rosenberg HK, Goldberg BB. Pediatric 
radiology: sonography. In Margulis AR, Burhenne HJ, editors. Alimentary tract radiology. 4th ed. St Louis, 1989, Mosby, pp 1831-1857.)

A B

B

Imperforate Anus

Sonography has been used in the evaluation of imperfo-
rate anus to determine the level of the rectal pouch.220,221 
The position of the rectal pouch, in relation to the 
levator sling, determines the surgical approach. A direct 
perineal approach and pull-through technique is per-
formed if the rectal pouch is low and passes through the 
levator sling.221 In high lesions above the puborectalis 
muscle, a decompressive colostomy is performed ini-
tially. There is also a high association of renal and ver-

tebral anomalies and rectal fistulas with the genitourinary 
tract in high imperforate anus. Ultrasound has now been 
added to the radiologist’s imaging armamentarium for 
the evaluation of this difficult problem. High-resolution, 
real-time sonography of the lower abdomen and the 
pelvis using a suprapubic approach, as well as a longitu-
dinal midline transperineal scan, is useful for determin-
ing the level of the imperforate anus (Fig. 56-81). 
The distance between the fluid-filled rectal pouch and 
the perineum is measured, and if 1.5 cm or less, a low 
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imperforate anus is presumably present. We advise gentle  
scanning pressure to avoid compression reduction of the 
area of interest. On transabdominal images, the rectal 
pouch does not pass below the base of the bladder in 
high imperforate anus.

Cloacal malformation is an uncommon anomaly in 
which the rectum, vagina, and urethra end in a common 
terminal channel as the only outlet for the three systems. 
There is no anus; at times the external genitalia may  
be ambiguous; the sacrum is frequently deformed; and 
there may be associated uterine, vaginal, genitourinary 
tract (particularly vesicoureteral reflux), musculoskeletal, 
cardiovascular, genitointestinal, and central nervous 
system anomalies.222

APPENDICITIS:  
SONOGRAPHIC FINDINGS

Tubular, blind-ending mass
Noncompressible
Appendix >6 mm
Periappendiceal edema

focused sonography is routinely performed for the diag-
nosis of acute appendicitis in young children, adoles-
cents, and young adults, with CT reserved for those 
individuals who are extremely obese or in whom the 
sonogram is inconclusive in the presence of strong clini-
cal suspicion.

The inflamed appendix appears as a tubular, blind-
ending structure with a hypoechoic center that is sur-
rounded by an inner echogenic and outer hypoechoic 
layer.226 The appendix is rigid, lacks peristalsis, has a 
maximum outer diameter greater than 6 mm, and does 
not compress when the examiner gently presses the 
abdominal wall with the transducer. Appendiceal wall 
thickening of greater than 2 mm is often asymmetri-
cal.227 Graded-compression sonography can also identify 
appendiceal calculi (appendioliths) and periappendiceal 
edema and abscess (Fig. 56-82). Evaluation of the pelvis 
is done in addition to sonography of the right lower 
quadrant to examine for focal and free fluid collections, 
as well as to exclude pelvic pathology that can mimic the 
sonographic findings of acute appendicitis (Fig. 56-83).

Three sonographic findings associated with appendi-
ceal perforation are (1) a loculated pericecal fluid collec-
tion, indicating abscess; (2) prominent pericecal fat more 
than 10 mm in thickness; and (3) circumferential loss  
of the echogenic submucosal layer of the appendix.228 
Sonography is also helpful in the detection and follow-up 
evaluation of postappendectomy fluid collections.229,230

Quillin and Siegel231 showed that the addition of color 
flow Doppler imaging to routine gray-scale imaging can 

Inflammation

Acute appendicitis is the most common cause of emer-
gency surgery in children. Perforation with acute appen-
dicitis is more common in children than adults. In 
infants, appendiceal perforation may occur in 80% of 
cases. In addition, the progression of disease from the 
onset of symptoms to perforation is more rapid in infants 
than in older children and adults.223 Using the graded-
compression technique,224 the inflamed appendix can 
be directly visualized with high-resolution ultrasound. 
Ultrasound has been evaluated as a more cost-effective 
imaging modality to diagnose acute appendicitis in 
young children, without the risk of iodinated contrast 
material or radiation exposure.225 At our institution, 

FIGURE 56-82. Acute appendicitis. Both patients presented with right lower quadrant pain, vomiting, loss of appetite and fever. 
A, Sagittal sonogram of the right lower quadrant/upper pelvis shows a thick-walled, dilated (8-mm cross-sectional diameter), noncompress-
ible, fluid-filled, blind-ending tubular structure consistent with an appendix (arrows) that contains a bright, shadowing, echogenic focus 
within its lumen representing an appendicolith. B and C, Gray-scale and color Doppler images in the second patient also demonstrate a 
thick-walled, dilated, noncompressible, blind-ending tubular structure filled with hypoechoic fluid. The wall of this dilated appendix is 
hyperemic. IA, Iliac artery; IV, iliac vein.

A B C

Psoas m

IA

IV

APPENDICEAL PERFORATION: 
SONOGRAPHIC FINDINGS

Loculated pericecal fluid or abscess
Prominent pericecal fat >10 mm thick
Loss of echogenic submucosa of appendix
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Other causes of acute right lower quadrant and pelvic 
pain can also be diagnosed with pelvic sonography, such 
as PID and ovarian torsion.21 A psoas abscess or hema-
toma is usually confined to the psoas muscle, and the 
patient often presents with lower abdominal pain, pelvic 
pain, or both, which radiates to the groin and hip (Fig. 
56-84). In inflammatory bowel disease the involved 
bowel loops have a thickened, hypoechoic wall with 
dense central echoes (Fig. 56-85). There is decreased 
mobility, compressibility, and peristalsis of the involved 

increase the sensitivity of the ultrasound examination for 
detecting appendicitis to 95%. The normal appendix 
and periappendiceal tissues have minimal to no flow on 
color Doppler ultrasound. The presence of hypervascu-
larity in the appendix or periappendiceal tissues reflects 
an infectious or inflammatory process. This proved 
useful in identifying inflamed appendices in 9% of 
patients in Quillin and Siegel’s study, despite normal 
appendix size on gray-scale imaging.231 Peripheral appen-
diceal hyperemia suggests the presence of nonperfo-
rated appendicitis.232 The absence of appendiceal 
hyperemia, however, does not exclude appendicitis. 
Color flow Doppler predictors of appendiceal perfora-
tion include hyperemia in the periappendiceal soft tissues 
or around a periappendiceal or pelvic fluid collection. 
Bowel hyperemia may be seen in nonperforated appen-
dicitis and in primary bowel disease and thus is not 
specific for perforation.232

APPENDICITIS ON COLOR FLOW 
DOPPLER ULTRASOUND

Hypervascularity of appendix
Hypervascularity of periappendix area
Hypervascularity around a fluid collection with 

perforation

FIGURE 56-83. Appendiceal abscess. Loculated fluid 
collection (arrows) was noted in right lower quadrant, containing 
scattered internal debris and calcified appendicolith (arrowhead); 
B, bladder. (From Fisher MR, Kricun ME, editors. Imaging of the 
pelvis. Gaithersburg, Md, 1989, Aspen.)

B

FIGURE 56-84. Psoas hematoma. Transverse view of left 
psoas muscle shows rounded, complex, echogenic mass (arrow) 
within muscle, which is consistent with psoas hematoma in this 
teenager with hemophilia.

FIGURE 56-85. A 17-year-old male with vomiting 
and abdominal pain. Sagittal ultrasound image of right 
lower quadrant demonstrates marked thickening of the walls  
of the terminal ileum (arrows) with severe dilatation of the 
proximal bowel loop, consistent with stricture formation.
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loop. The adjacent mesentery is thickened. Additional 
sonographic findings in Crohn’s disease include ady-
namic ileus with distended, fluid-filled bowel loops; a 
complex heterogeneous mass caused by a conglomerate 
of matted, inflamed bowel loops; abscess; and secondary 
ureteral obstruction with hydronephrosis.233

Mesenteric adenitis and acute terminal ileitis, 
caused by Yersinia enterocolitica infection, often cause 
clinical symptoms identical to acute appendicitis. 
However, these entities are treated conservatively without 
surgical intervention. The graded compression technique 
can be used to differentiate these two diseases from 
appendicitis. The sonographic criteria of mesenteric 
adenitis includes multiple, round or oval, enlarged, 
tender mesenteric lymph nodes that demonstrate flow in 
the fatty hila with hyperemia of the nodes in some cases, 
and no evidence of an inflamed appendix.234 With acute 
terminal ileitis, mural thickening (4-6 mm) of the ter-
minal ileum and cecum may be seen along with dimin-
ished peristalsis (Fig. 56-86).

PRESACRAL MASSES

The presacral space is a potential space between the 
perirectal fascia and the fibrous coverings of the anterior 
sacrum. A lesion in the presacral space can usually be 
identified on routine transabdominal sonograms through 
a distended bladder. To confirm the origin of the mass, 
a water enema can be performed to identify the recto-
sigmoid colon in relation to the lesion. Additional scans 
through the buttocks are often helpful to determine the 
true extent of the tumor.

Sacrococcygeal teratoma is the most common presa-
cral neoplasm in the pediatric age group. About 50%  
are noted at birth, with a 4:1 female/male incidence. 

Sacrococcygeal teratoma arises from multipotential cells 
in Hensen’s nodes that migrate caudally and come to lie 
within the coccyx. Radiographic evidence of bony abnor-
malities of the sacrum or coccyx may be present. There 
is a 75% incidence of associated congenital anomalies, 
most often involving the musculoskeletal system. These 
teratomas are most common in families with a high 
frequency of twins.235

Sacrococcygeal teratomas can be benign or malignant. 
Tumors detected before age 2 months are most likely 
benign. Those detected after 2 months have a 50% to 
90% incidence of malignancy. Malignancy is more 
common in boys and in lesions that are predominantly 
solid on ultrasound and CT examinations. Cystic lesions 
are more likely benign. All teratomas have a malignant 
potential, regardless of their texture, location, or size. 
Recurrence of a benign teratoma after incomplete surgi-
cal removal leads to increased risk of malignant transfor-
mation; therefore the coccyx must be removed completely 
at surgery to prevent recurrence. Sacrococcygeal terato-
mas can be divided into the following four types, based 
on their location:
Type I: Predominantly external
Type II: External with a significant intrapelvic 

component
Type III: Small external mass with predominant 

intrapelvic portion
Type IV: Entirely presacral with no external 

component
Type I lesions are usually benign and appear at birth. 
Types II, III, and IV have a higher incidence of malig-
nancy, probably because the large intrapelvic component 
goes unrecognized and undetected for longer periods 
than the large, exophytic masses.235 Malignant teratomas 
are usually endodermal sinus tumors.

FIGURE 56-86. Mesenteric adenitis in 3-year-old 
boy with right lower quadrant pain and fever. 
Transverse ultrasound of the right lower quadrant and upper 
pelvis reveals multiple, ovoid, soft tissue masses representing 
lymph nodes (n). The appendix was not visualized. The patient’s 
symptoms resolved spontaneously.

n
n

n
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PRESACRAL MASSES IN CHILDREN

SOLID
Sacrococcygeal teratoma
Neuroblastoma
Rhabdomyosarcoma
Fibroma
Lipoma
Leiomyoma
Lymphoma
Hemangioendothelioma
Sacral bone tumors

CYSTIC
Abscess
Rectal duplication
Hematoma
Lymphocele
Neurenteric cyst
Sacral osteomyelitis
Ulcerative colitis
Anterior meningocele
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midline location, they are considered stage III tumors. 
Pelvic neuroblastoma has a better prognosis than intra-
abdominal neuroblastoma. The pelvic lesions have a 
similar sonographic appearance to the adrenal lesions. 
They are solid, echogenic, heterogeneous masses with a 
70% incidence of calcification. Areas of cystic necrosis 
and hemorrhage are uncommon236-238 (Fig. 56-89).

Rhabdomyosarcoma arising from the pelvic muscu-
lature can present as a solid presacral mass. It is usually 
an infiltrating tumor with poorly defined margins. 
Anechoic spaces within a predominantly solid mass 
suggest areas of necrosis and hemorrhage. Calcification 

There is a wide spectrum of ultrasound appearances 
of sacrococcygeal teratomas, ranging from purely cystic 
to mixed or purely solid (Figs. 56-87 and 56-88). Cal-
cifications, seen in one third of cases, can be amorphous, 
punctate, or spiculated and suggest the lesion is benign. 
Fat within the tumor appears as bright areas of hetero-
geneous echogenicity. Large tumors may displace and 
compress the bladder anteriorly and superiorly, causing 
urinary retention and hydronephrosis.

Neuroblastoma and other neurogenic tumors can 
arise in the presacral space in children. Five percent of 
neuroblastomas arise in the pelvis. Because of their 

FIGURE 56-88. Sacrococcygeal teratoma in newborn girl with buttock mass. A, Sagittal sonogram of the pelvis 
demonstrates a large, cystic mass (C), deep in the pelvis, posteroinferior to the uterus (U). The small amount of fluid noted in the endo-
metrial canal is secondary to residual material hormonal stimulation. B, Bladder. B, Transverse image over the base of the spine posteriorly 
demonstrates a complex mass (arrows) with a predominantly large cystic (C) component.

A B

FIGURE 56-87. Sacrococcygeal teratoma in 2-year-old boy with palpable mass at base of spine. A, Lateral 
conventional radiograph of the pelvis shows lack of coccygeal ossification and large, retrorectal, soft tissue mass (M) with anterior displace-
ment of the rectum. B, Sagittal ultrasound of the pelvis shows a solid mass (arrows) deep in the pelvis posteroinferior to the bladder. 
C, Transverse ultrasound over the base of the spine posteriorly shows a primarily solid mass (arrows) with one small, cystic area extending 
deep into the pelvis.

M

A B C
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is rare.239 Ultrasound is an excellent method for identify-
ing and staging rhabdomyosarcoma arising from the 
genitourinary tract. However, CT and MRI provide 
more complete information for those tumors arising 
from the pelvic side walls. Other predominantly solid 
presacral masses to be considered in the differential 
diagnosis include fibroma, lipoma, leiomyoma (and their 
malignant counterparts), lymphoma, hemangioendothe-
lioma, and metastatic disease. Sacral bone tumors, such 
as Ewing’s sarcoma, osteosarcoma, chondrosarcoma, 
giant cell tumor, and aneurysmal bone cyst, may also 
present as presacral masses. Chordomas of the sacrococ-
cygeal region are rare in children.

Cystic presacral lesions, in addition to sacrococcy-
geal teratomas, can be detected on sonography. These 
include abscess, rectal duplication, hematoma, lympho-
cele, neurenteric cyst, sacral osteomyelitis, and ulcerative 
colitis. An anterior sacral meningocele also presents as  
a cystic presacral mass. It represents herniation of the 
meninges through an anterior defect in the sacrum. The 
sacrum usually has a scimitar- or sickle-shaped configu-
ration. A solid mural nodule within the cystic meningo-
cele represents glial or lipomatous tissue.
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Ultrasound has been widely used in the diagnosis 
and management of developmental dysplasia of the  
hip (DDH), although many other applications for 
sonography of the pediatric musculoskeletal system  
have been developed. Ultrasound is ideally suited to the 
evaluation of the immature skeleton and associated soft 
tissues because of visualization of the cartilage found in 
large amounts in developing bones and because of the 
lack of ionizing radiation. Other advantages include the 
ability to perform dynamic evaluations and to examine 
children without sedation. With some applications, 
including DDH, sonography may replace other imaging 
studies; in other cases, sonography complements radiog-
raphy to aid in the diagnosis. In this chapter we review 
the use of ultrasound in DDH and also describe briefly 
its use in other pediatric musculoskeletal conditions, 
including congenital, inflammatory, and traumatic 
abnormalities. Ultrasound of the pediatric spine is dis-
cussed in Chapter 51; fetal spine sonography is discussed 
in Chapter 35.

HIP ULTRASOUND

The use of ultrasound to assess the hip has gained wide 
acceptance and is the primary focus of this chapter. Hip 
sonography offers clear advantages over other imaging 
techniques in two specific areas in pediatrics: DDH  
and hip pain. Developmental dislocation and/or dys-
plasia of the hip (DDH), formerly called “congenital 

dislocation of the hip,” usually manifests in the first year 
of life. At that age, the femoral head and acetabulum 
consist of cartilage components that are clearly identified 
by ultrasound. Real-time sonography allows assessment 
of the hip in multiple planes, both at rest and with move-
ment. Ultrasound can replace radiographic studies and 
reduce radiation exposure to the young infant. Hip pain 
is a common presenting symptom throughout the pedi-
atric age range and results from a number of inflamma-
tory and traumatic conditions. Early in the course of 
these conditions, radiographic findings are absent or 
limited to subtle soft tissue changes. The sonographic 
detection of fluid in the hip joint is an important finding 
that may lead to diagnostic aspiration.

DEVELOPMENTAL DISLOCATION 
AND DYSPLASIA OF THE HIP

Clinical Overview

Early detection of an abnormality in the infant hip is the 
key to successful management. If treatment is begun at 
a young age, most of the sequelae that occur when DDH 
goes unrecognized until walking age can be prevented. 
Clinical screening programs have been instituted, and 
primary care physicians are taught to evaluate the hips 
as part of the newborn physical examination. Histori-
cally, infants with abnormal clinical examinations  
were referred for plain radiographic film examinations. 
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cases. Another form of hip dislocation and dysplasia is 
the teratologic dislocation that occurs early in fetal life. 
In these cases, the infant exhibits advanced adaptive 
changes in the pelvis and femoral head. The clinical and 
radiographic findings are more obvious, and this uncom-
mon form of hip dislocation has a poor prognosis.8

Development of Hip Sonography

The first in-depth use of sonography was performed by 
Graf,9 an Austrian orthopedic surgeon. He used an 
articulated-arm B-scan unit and developed an evaluation 
technique based on a coronal image of the hip. Scanning 
was performed from the lateral approach with the femur 
in its anatomic position. Graf ’s method established ultra-
sound’s ability to distinguish the cartilage, bone, and soft 
tissue structures that compose the immature hip joint.

With real-time sonographic equipment, sonographers 
have experimented with different views. This has led to 
an alternative approach to hip sonography that empha-
sizes dynamic assessment of the hip in multiple posi-
tions.10,11 Although two basic philosophies evolved, 
morphologic and dynamic, it is recognized that the two 
methods have common features. Both approaches recog-
nize the need for critical landmarks of the femur and 
acetabulum. The dynamic technique, as proposed by 
Harcke et al.,11,12 in addition to stressing positional rela-
tionships and stability, included assessment of critical 
acetabular landmarks. This formed the basis for an 
examination drawing on elements from both tech-
niques,12,13 which has become the technique recom-
mended by the American College of Radiology (ACR)14 
and the American Institute of Ultrasound in Medicine 
(AIUM).15

Dynamic Sonographic Technique: 
Normal and Pathologic Anatomy

Technical Factors

Hip sonography should be performed with real-time 
linear array transducers. Although sector scanners were 
initially used with success,16 current preference is for the 
linear configuration because of the greater accuracy of 
representation. Also, acetabular measurements reported 
in the literature are made with a linear transducer.  
One should use the highest-frequency transducer that 
provides adequate penetration of the soft tissues to the 
depth required. For infants up to 6 months of age, the 
15-8 MHz broadband digital transducer is successful. A 
lower-frequency transducer may be required for infants 
older than 6 months.

All scanning is performed from the lateral or postero-
lateral aspect of the hip, moving the hip from the neutral 
position at rest to a position in which the hip is flexed. 
With the hip flexed, the femur is moved through a range 
of abduction and adduction, with stress views performed 

Ultrasound has now become the preferred technique for 
diagnosis and management of DDH in the first 6 to 8 
months of life.1

The incidence of DDH varies throughout the world. 
In whites, overt dislocation is reported to be 1.5 to 1.7 
per 1000 live births.2,3 When lesser degrees of abnormal-
ity such as subluxation are included, as many as 10 
infants per 1000 live births may show some features of 
the disorder.4

The cause of DDH is multifactorial, with both physi-
ologic and mechanical factors playing a role. Maternal-
fetal interaction influences the development of hip 
problems in both categories. Maternal estrogens and 
hormones that affect pelvic relaxation just before delivery 
are believed to lead to temporary laxity of the hip capsule 
in the perinatal period. Most fetuses are exposed to 
extrinsic forces in the later weeks of pregnancy because 
of their increasing size and the diminishing volume of 
amniotic fluid. It is theorized that these forces, although 
gentle, can lead to deformation if persistently applied.5 
There is an increased incidence of DDH in infants born 
in the breech position, infants with a positive family 
history of DDH, in firstborns, and in pregnancy with 
oligohydramnios. Infants with skull-molding deformi-
ties, congenital torticollis, and foot deformities are also 
at increased risk for DDH.6

RISK FACTORS FOR DDH

Family history of DDH
Firstborn child
Oligohydramnios
Breech delivery
Skull-molding deformities
Congenital torticollis
Foot deformities

DDH, Developmental dislocation and/or dysplasia of the 
hip.

The mechanism of a typical dislocation is thought to 
be a gradual migration of the femoral head from the 
acetabulum because of the loose, elastic joint capsule. In 
the newborn period, the head usually dislocates in a 
lateral and posterosuperior position relative to the ace-
tabulum. The displaced femoral head can usually be 
reduced, and the joint components typically do not have 
any major deformity. When dislocation is not recognized 
in early infancy, the muscles tighten and limit move-
ment. The acetabulum becomes dysplastic because it 
lacks the stimulus of the femoral head. Ligamentous 
structures stretch, and fibrofatty tissue occupies the ace-
tabulum. Thus, it becomes impossible to return the 
femoral head to the acetabulum with simple manipula-
tion; a pseudoacetabulum may form where the femoral 
head rests superolaterally.

There is some evidence of familial acetabular dyspla-
sia,7 although this is not considered a cause in most 
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examination. In describing the four views, we use a two-
word combination that indicates the plane of the trans-
ducer with respect to the body (transverse or coronal) 
and the position of the hips (neutral or flexed).

It is the objective of the dynamic hip assessment to 
determine the position and stability of the femoral head, 
as well as the development of the acetabulum. With a 
normally positioned hip, the femoral head is congruently 
positioned within the acetabulum. Mild displacement, 
such as when the head is in contact with part of the 
acetabulum or is displaced but partly covered, is referred 
to as subluxation. The dislocated hip has no contact 
with or coverage by the acetabulum. A change in posi-
tion of the femur may change the relationship of the 
femoral head and acetabulum. A hip that is subluxated 
in the neutral or rest position may not seat itself with 
flexion and abduction. A dislocated hip may improve its 
position and partially reduce to a subluxated position. 
This is, in fact, a principle of treatment.

The stability of the hip is determined through motion 
and the application of stress. The stress maneuvers are 
the imaging counterparts of the clinical Barlow and 
Ortolani maneuvers, which are the basis for the clinical 
detection of a hip abnormality. The Barlow test deter-
mines whether the hip can be dislocated. The hip is 
flexed and the thigh brought into the adducted position. 
The gentle push posteriorly can demonstrate instability 
by causing the femoral head to move out of the acetabu-
lum.2 The Ortolani test determines whether the dislo-
cated hip can be reduced. As the flexed, dislocated hip 
is abducted into a frog-leg position, the examiner feels a 
vibration or “clunk” that results when the femoral head 
returns to the acetabulum.8 During dynamic hip sonog-
raphy, stress maneuvers are performed in a manner 
analogous to the Barlow and Ortolani clinical maneu-
vers. The normal hip is always seated at rest, with 
motion, and during the application of stress. The lax hip 
is normally positioned at rest and shows mild sublux-
ation with stress. It must, however, invariably remain 
within the confines of the acetabulum. The subluxable 
hip is displaced laterally at rest and is loose, but is not 
dislocatable. When a hip is able to be pushed out of the 
joint, it is considered to be “dislocatable.” A dislocated 
hip may be able to be returned to the acetabulum with 
traction and abduction. This hip is distinguished from 
the most severe form of DDH, in which the femoral 
head is dislocated and cannot be reduced.

At birth, the proximal femur and much of the acetab-
ulum are composed of cartilage. On sonographic exami-
nation, cartilage is hypoechoic compared with soft 
tissue, so it is easy to distinguish. A few scattered specular 
echoes can be visualized within the cartilage when high-
frequency transducers are used and technique adjust-
ments are optimally set. The acetabulum is composed of 
both bone and cartilage. At birth, the bony ossification 
centers in the ilium, ischium, and pubis are separated by 
the triradiate cartilage, which has a Y configuration. A 

in the flexed position. One aspect of hip sonography 
relevant to dynamic examinations is the shift of the 
transducer between the examiner’s hands when examin-
ing the right and left hip. The infant is lying supine with 
the feet toward the sonographer. When examining the 
left hip, the sonographer grasps the infant’s left leg with 
the left hand, and the transducer is held in the right 
hand. When the right hip is examined, we recommend 
that the sonographer hold the transducer in the left hand 
and use the right hand to manipulate the infant’s right 
leg. Although sonographers find this awkward at first, 
ambidexterity is easily mastered. We found that this 
technique makes it possible to perform the stress maneu-
ver more reliably and better maintain the planes of 
interest.

To obtain a satisfactory examination, the infant 
should be relaxed. Infants can be fed before or during 
the examination. Toys and other devices to attract the 
infant’s attention are helpful and can be used as sonog-
raphy is being performed. A parent can hold the infant’s 
arms or head and can talk to the infant. There is no need 
for sedation. The upper body may remain clothed. Our 
standard practice is to leave the infant diapered and 
expose only the side of the hip being examined (strongly 
recommended for boys).

The anatomy is considered in four different views.  
It is our routine practice to record images in each of  
these views for permanent records. This standardizes  
the examination and, in our institution, provides a 
guideline for the technologist who performs the initial 

MINIMUM ACR STANDARD 
EXAMINATION FOR DDH*

• The diagnostic examination for DDH incorporates 
two orthogonal planes: a coronal view in the 
standard plane at rest and a transverse view of 
the flexed hip with and without stress. This 
enables an assessment of hip position, stability,1 
and morphology when the study is correctly 
performed and interpreted. It should be noted 
that additional views and maneuvers can be 
obtained and that these may enhance the 
confidence of the examiner.

• Morphology is assessed at rest. The stress 
maneuvers follow those prescribed in the clinical 
examination of the hip and assess femoral 
stability.

• The attempts to dislocate the femoral head or 
reduce a displaced head are analogous to the 
Barlow and Ortolani tests used in the clinical 
examination. It is important that the infant is 
relaxed when hips are assessed for instability. It is 
acceptable to perform the standard examination 
with the infant in a supine or lateral position.14

*Modified from American College of Radiology standard 
for developmental dislocation and/or dysplasia of the hip.
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The femur is maintained with a physiologic amount of 
flexion. Graf18 recommends the use of a special device 
that allows the infant to be maintained in a lateral decu-
bitus position while the hip is being examined, but the 
coronal/neutral view can also be performed with the 
patient supine (Fig. 57-1, A). The transducer is placed 
on the lateral aspect of the hip, and the hip is scanned 
until a standard plane of section is obtained (Fig. 57-1, 
A-C ). The plane must precisely demonstrate the midpor-
tion of the acetabulum, with the straight iliac line supe-
riorly and the inferior tip of the os ilium seen medially 
within the acetabulum. The echogenic tip of the labrum 
should also be visualized. The alpha and beta angles, if 
measured, relate to fixed points on the bony and carti-
laginous components of the acetabulum18 (Fig. 57-1, D), 
and the exact plane must be obtained for the measure-
ments to be reliable. The similarity can be noticed 
between the appearance of the acetabulum in this view 
and in the coronal/flexion view (Fig. 57-2, C ). The 
difference is that the bony shaft (metaphysis) of the 
femoral neck is visualized below the femoral head in  
the coronal/neutral projection. In the coronal/flexion 
view, the femoral shaft is not in the plane of examination 
because the femur is flexed. A stability test can be per-
formed in this view by gently pushing and pulling the 
infant’s leg. This helps to verify deformity of the acetab-
ulum and to identify craniodorsal movement of the 
femoral head under pressure. Zieger et al.19 proposed a 
further adaptation of this view, advocating flexion and 
adduction of the hip to identify lateral displacement 
when instability is present. This is similar to the coronal/
flexion stress view.

In the normal coronal/neutral view the femoral head 
is resting against the bony acetabulum. The acetabular 
roof should have a concave configuration and cover at 
least half the femoral head. The cartilage of the acetabu-
lar roof is hypoechoic and extends lateral to the acetabu-
lar lip, terminating in the labrum, which is composed of 
fibrocartilage and is echogenic (Fig. 57-1, C ). When a 
hip becomes subluxed or dislocated, the femoral head 
gradually migrates laterally and superiorly, with progres-
sively decreased coverage of the femoral head (Fig. 57-1, 
E ). In hip dysplasia the acetabular roof is irregular 
and angled, and the labrum is deflected superiorly and 
becomes echogenic and thickened. When the hip is 
frankly dislocated, the labrum may be deformed. Echo-
genic soft tissue is interposed between the femoral head 
and the bony acetabulum. A combination of deformed 
labrum and fibrofatty tissue (pulvinar) prevents the 
hip from being reduced.

The acetabulum can be assessed visually or with mea-
surements, noting the depth and angulation of the ace-
tabular roof, as well as the appearance of the labrum (Fig. 
57-1, F ). This can be seen in both coronal/neutral and 
coronal/flexion views and is described in the report. 
Morin et al.20,21 correlated coverage of the femoral head 
by the bony acetabulum with measurements of the  

cartilaginous acetabular rim (the labrum) extends 
outward from the acetabulum to form the cup that nor-
mally contains the femoral head. Most of the acetabular 
cartilage has an echogenicity similar to the femoral head. 
It is still possible to determine the joint line, which 
distinguishes the cartilaginous acetabulum from the 
femoral head, by simply rotating the femur. More pro-
nounced movement of the hip often creates echoes 
within the joint space, probably as a result of the forma-
tion of microbubbles. At the lateral margin of the labrum, 
the hyaline cartilage changes to fibrocartilage, and this 
shows increased echogenicity. The echogenic hip 
capsule, composed of fibrous tissue, borders the femoral 
head laterally. The bony components of the hip reflect 
all of the sound beam from their surface. This creates a 
bright linear or curvilinear appearance on the sonogram, 
indicating the contour of the osseous surfaces in that 
plane.

Radiographically, the ossification center of the 
femoral head is recognized between the second and eighth 
months of life. It is typically seen earlier in females than 
in males, and there is a wide normal variation for the time 
of appearance. Although some asymmetry between the 
left and right hips can be normal, both in time of appear-
ance and in size, delayed appearance and development 
are associated with DDH. Hip sonograms reflect the 
development of the ossification center and can be used 
to document the development of the center.17 The ossi-
fication center can be found by ultrasound several weeks 
before it is visible radiographically. Initially, a confluence 
of blood vessels produces increased echoes within the 
cartilage. This precedes actual ossification. As ossification 
begins, the calcium content is insufficient to produce a 
visible radiographic density; however, the sound waves 
are reflected. With maturation, the size of the ossification 
center increases. In early development, the echoes from 
the center have a punctate appearance, whereas later in 
the first year of life, the growth in size gives it a curvilinear 
margin. As the normal infant approaches 1 year of age, 
the size of the ossification center precludes accurate deter-
mination of medial acetabular landmarks. We believe that 
sonography of the hip is practical only up to 8 months 
of age, unless there is delayed ossification of the femoral 
head. Between 6 months and 1 year of age, radiography 
becomes more reliable. Usually by 1 year of age, the 
femoral ossification center is large enough to prevent good 
visualization of the acetabulum.15 The presence and size 
of the ossific nucleus can be evaluated in all four views: 
coronal/neutral, coronal/flexion, transverse/flexion, and 
transverse/neutral.

Coronal/Neutral View

The coronal/neutral view, which forms the basis for the 
morphologic technique, is performed from the lateral 
aspect of the joint with the plane of the ultrasound  
beam oriented coronally with respect to the hip joint. 
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A B

FIGURE 57-1. Coronal/neutral view. A, Linear array transducer is placed coronal and lateral with respect to the hip. The femur 
is in “physiologic neutral” for the infant (slight hip flexion). B, Scan area (dotted lines) on arthrogram. 

acetabular angle. This assessment relates acetabular 
depth (d) to the diameter of the femoral head (D) and 
is expressed as percent (d/D × 100) coverage of the 
femoral head. These data showed that normal radio-
graphic measurements always had a femoral head cover-
age that exceeded 58%, and that clearly abnormal 
radiographic measurements had coverage of less than 
33%. This information should be used with caution 
because there is a significant group of intermediate values 
for which sonographic and radiographic measurements 
do not correlate. We have also noted cases in which 
sonography showed the acetabulum to be better devel-
oped than it appeared radiographically, and on occasion, 
we have seen an acetabulum that looked more well  
developed radiographically than on ultrasound.22 This 
discrepancy occurs because the radiograph is a two-
dimensional projection of the three-dimensional pelvis, 
and the sonogram is one selected coronal slice that may 
not match the projection.

Classification of hip joints may also be based on the 
measurement of the alpha and beta angles (Fig. 57-1, D 
and F ). The alpha angle measures the inclination of the 
posterior and superior osseous acetabular rim with 
respect to the lateral margin of the iliac bone (baseline). 
The beta angle is formed by the baseline iliac bone and 
the inclination of the anterior cartilaginous acetabular 
roof, for which the tip of the labrum is its key landmark. 
Ultrasound units may contain software that facilitates 
measurement of these angles. Four basic hip types have 
been proposed on the basis of alpha and beta measure-
ments.18 Most of these subtypes have been subdivided, 

and small changes in angular measurements can result in 
a change in category. The reproducibility of angular 
measurements and subtypes has been a point of consider-
able discussion. In Europe, classification by measure-
ment has been based on large numbers of infants 
examined. Some examiners have experienced problems 
with the use of measurements,19,20,23-25 but those who 
adhere strictly to the technique find acceptable 
reproducibility.26-28

Coronal/Flexion View

In the coronal/flexion view the transducer is maintained 
in a coronal plane with respect to the acetabulum (Fig. 
57-2, A) while the hip is moved to a 90-degree angle of 
flexion. During the assessment in this view, the trans-
ducer is moved in an anteroposterior direction with 
respect to the body to visualize the entire hip. Anterior 
to the femoral head, the curvilinear margin of the bony 
femoral shaft is identified. In the midportion of the 
acetabulum, the normally positioned femoral head is 
surrounded by echoes from the bony acetabular compo-
nents (Fig. 57-2, B and C ). Superiorly, the lateral margin 
of the iliac bone is seen, and the transducer position must 
be adjusted so the iliac bone becomes a straight horizon-
tal line on the monitor. This landmark (iliac bone line: 
flat and straight) is a key to accurately visualizing the 
midacetabulum and to obtaining the maximum depth 
of the acetabulum. When the transducer is positioned 
too anteriorly, the iliac line is inclined laterally, and if 
positioned too posteriorly, the iliac line exhibits some 
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ducer is moved posteriorly and the scan plane is over  
the posterior margin of the acetabulum, the posterior lip 
of the triradiate cartilage becomes an easily recognized 
landmark. The bone above and below the cartilage notch 
is flat, and the normally positioned femoral head is not 
visualized (Videos 57-1 and 57-2).

concavity. When the plane is not correctly selected, it 
could be falsely concluded that the acetabulum is mal-
developed. A normal hip gives the appearance of a “ball 
on a spoon” in the midacetabulum. The femoral head 
represents the ball; the acetabulum forms the bowl of the 
spoon; and the iliac line is the handle. When the trans-

C, Normal hip sonogram shows sonolucent femoral head (H) resting against the bony acetabulum. Note 
fibrocartilaginous tip of labrum (solid arrow) and junction of bony ilium and triradiate cartilage (open arrow). D, Normal hip sonogram 
with alpha (a) and beta (b) angles used in measurement. E, Dislocated hip sonogram shows displacement of femoral head (H) laterally 
with deformity of labrum (curved arrow). F, Dislocated hip sonogram with abnormal alpha and beta angles. H, Femoral head; i, iliac 
line; L, lateral; m, femoral metaphysis; S, superior.
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FIGURE 57-1, cont’d. 
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A B

FIGURE 57-2. Coronal/flexion view. A, Linear array transducer is coronal to flexed femur. B, Scan area (dotted lines) on arthro-
gram. Coronal/flexion view. 

In subluxation the femoral head is displaced laterally, 
posteriorly, or both, with respect to the acetabulum. Soft 
tissue echoes are seen between the femoral head and the 
bony reflections from the medial acetabulum. In dislo-
cation the femoral head is completely out of the acetabu-
lum (Fig. 57-2, D). With superior dislocations, the 
femoral head may rest against the iliac bone. In posterior 
dislocations, the femoral head is seen lateral to the pos-
terior lip of the triradiate cartilage. The acetabulum is 
usually not visualized in a dislocation because the bony 
shaft of the femur blocks the view.

Dynamic examination in the coronal/flexion view has 
two components. The first is performed over the poste-
rior lip using a push-and-pull maneuver (Fig. 57-2, E 
and F ). In the normal hip the femoral head is never seen 
over the posterior lip of the acetabulum. When there is 
instability, a portion of the femoral head appears over 
the posterior lip of the triradiate cartilage as the femur 
is pushed. With a pull, the head disappears from the 
plane. In a dislocated hip the femoral head may be 
located over the posterior lip and may or may not move 
out of the plane with traction. The second component 
of the dynamic examination is performed over the 
midacetabulum. The Barlow-type maneuver is per-
formed with adduction and gentle pushing against the 
knee. In the normal hip the femoral head will remain in 
place against the acetabulum. With subluxation or dis-
location, the head will migrate laterally and posteriorly, 
and there will be echogenic soft tissue between the 
femoral head and the acetabulum (Videos 57-3, 57-4, 
and 57-5).

Transverse/Flexion View

Transition from the coronal/flexion view to the 
transverse/flexion view is accomplished by rotating the 
transducer 90 degrees and moving the transducer poste-
riorly so it is in a posterolateral position over the hip 
joint. The horizontal orientation of the scan plane with 
respect to the body is maintained (Fig. 57-3, A). The 
plane of the transducer and the landmarks are demon-
strated on a computed tomography (CT) scan of a 
patient in a spica cast with a normal left and dislocated 
right hip (Fig. 57-3, B). Sonographically, the bony shaft 
and metaphysis of the femur give bright reflected echoes 
anteriorly, adjacent to the sonolucent femoral head. The 
echoes from the bony acetabulum appear posterior to the 
femoral head, and in the normal hip, a U-shaped con-
figuration is produced by the metaphysis and the 
ischium (Fig. 57-3, C ). The relationship of the femoral 
head and acetabulum is observed while the flexed hip is 
moved from maximum adduction to wide abduction. 
The sonogram changes its appearance in abduction and 
adduction. The deep, U-shaped configuration is pro-
duced with maximum abduction, whereas in adduction, 
a shallower, V-shaped appearance is observed. It is 
important to have the transducer positioned posterolat-
erally over the hip to see the medial acetabulum. When 
the transducer is not posterior enough, the view of the 
acetabulum is blocked by the femoral metaphysis, and 
the hip can appear falsely displaced. In adduction the 
hip is stressed with a gentle posterior push (a Barlow 
test). In the normal hip the femoral head will remain 
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hips in the transverse/flexion view. With abduction, the 
dislocated hip may be reduced, and this represents the 
sonographic counterpart of the Ortolani maneuver 
(Videos 57-6, 57-7, and 57-8).

Transverse/Neutral View

The transition from the transverse/flexion view to the 
transverse/neutral view is accomplished by bringing the 
leg down into a physiologic neutral position. The trans-
ducer is directed horizontally into the acetabulum from 

deeply in the acetabulum in contact with the ischium 
with stress. In subluxation the hip will be normally 
positioned or mildly displaced at rest, and there will be 
further lateral displacement from the medial acetabulum 
with stress, but the femoral head will remain in contact 
with a portion of the ischium. With frank dislocation 
the hip will be laterally and posteriorly displaced to the 
extent that the femoral head has no contact with the 
acetabulum, and the normal U-shaped configuration 
cannot be obtained (Fig. 57-3, D). The process of dislo-
cation and reduction is able to be visualized in unstable 

C, Normal hip sonogram shows sonolucent femoral head (H) resting against bony acetabulum (a). Note 
fibrocartilaginous tip of labrum (arrow). L, Lateral; S, superior line; i, iliac line. D to F, Dislocated hip sonograms. D, Displacement of 
sonolucent femoral head (H) laterally and superiorly with deformity and increased echogenicity to labrum (curved arrow). E, Push maneu-
ver shows displacement of femoral head over posterior limb of triradiate cartilage (arrowhead). F, Pull maneuver reveals head no longer 
positioned over triradiate cartilage (arrowhead) of posterior lip of acetabulum. (See also Videos 57-1 and 57-2: normal; Videos 57-3, 57-4, 
and 57-5: subluxation and dislocation.)
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FIGURE 57-2, cont’d. 



FIGURE 57-3. Transverse/flexion view. A, Linear array transducer is in the axial plane posterolaterally over the hip joint with 
the hip flexed. B, Scan area (dotted lines) on a prone CT scan. Scan demonstrates relationship of femoral head (H), metaphysis (m), and 
ischium (i) in a normal (left) hip, in the acetabulum, and dislocated (right) hip, femoral head displaced out of the acetabulum. C, Normal 
hip sonogram shows echolucent femoral head (H) surrounded by metaphysis (m) (anterior) and ischium (i) (posterior), forming a U 
around femoral head. L, Lateral; P, posterior. D, Dislocated hip sonogram shows sonolucent femoral head (H) displaced posterolaterally. 
The U configuration of normal metaphysis (m) and ischium (i) is not seen. (See also Video 57-6: normal; Video 57-7: subluxation; Video 
57-8: dislocation.)
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the lateral aspect of the hip (Fig. 57-4, A). The plane of 
interest is one that passes through the femoral head into 
the acetabulum at the center of the triradiate cartilage 
(Fig. 57-4, B). This can be located by beginning the 
examination caudally over the bony shaft of the femur. 
Moving cephalad, the transition from bone to cartilage 
in the proximal femur becomes apparent, and the circu-
lar cross section of the spherical femoral head is identi-
fied. In the normal hip the sonolucent femoral head is 
positioned against the bony acetabulum over the triradi-
ate cartilage (Fig. 57-4, C ). The elements of the sono-
gram resemble a flower. The femoral head represents 
the “bloom,” and the echoes (from the ischium posteri-
orly and pubis anteriorly) form the “leaves” at its base. 
The “stem” is formed by echoes that pass through the 
triradiate cartilage into the area of acoustic shadowing 
created by the osseous structures. The cartilage over the 
pubis is thicker than over the ischium, so the head 
appears slightly displaced from the bone echoes anteri-
orly. When an ossific nucleus is present, echoes appear 
within the femoral head. The examiner must angle the 
plane of the transducer above or below the nucleus to 
identify the triradiate cartilage. Acoustic shadowing by 
the ossification center should not be mistaken for the 
triradiate cartilage because there are no echoes in the gap. 
The presence and size of an ossific nucleus can be evalu-
ated in the transverse/neutral view. We do not use this 
view to assess acetabular development.

In the transverse/neutral view, malpositioned hips 
show soft tissue echoes between the femoral head and 
acetabulum (Fig. 57-4, D). The width and configuration 
of the gap depend on the nature of the displacement. 
With subluxation, the femoral head usually moves pos-
teriorly and, in mild cases, remains in contact with the 
posterior aspect of the acetabulum. With more severe 
subluxation, lateral displacement accompanies the pos-
terior migration. Most dislocations are lateral, posterior, 
and superior. Often, the dislocated head rests against 
some portion of the bony ilium. In this case, reflected 
echoes from the bone are apparent medially. Inability 
to find the hypoechoic gap of the triradiate cartilage 
distinguishes this hip from the normal hip. With some 
lateral dislocations, the femoral head does not rest against 
bone, and soft tissue echoes completely surround the 
sonolucent head.

ALTERNATIVE TECHNIQUES: 
ANTERIOR VIEWS

A number of anterior views have been described, and 
sonographers experienced in their use have indicated 
success with these views. In an early paper on real-time 
sonography, Novick et al.10 reported an anterior view 
performed with the hip flexed and abducted. Gomes 
et al.29 modified this approach with an anterior view 
that is also done with flexion and abduction but that 

evaluates the hip in a slightly different plane. A dynamic 
stress test was incorporated to demonstrate the presence 
of instability. The anterior approach of Dahlstrom 
et al.30 is performed with the patient supine and the hips 
flexed and abducted. The transducer is placed anterior 
to the hip joint and is centered over the femoral head 
with the plane of the sound beam parallel to the femoral 
neck. The image produced in a normal hip is an axial 
section through the acetabulum and a longitudinal 
section through the femoral head and neck28 (Fig. 57-5, 
A and B). A Barlow or push maneuver can be performed 
to detect instability. Complete dislocation is considered to 
be present when femoral head displacement exceeds 50% 
of its diameter (Fig. 57-5, C ). The anterior view is par-
ticularly useful in rigid abduction splints and casts in 
which the posterior aspect of the hip is covered.

Evaluation of the Infant at Risk

Sonography is most often used for evaluation of an 
infant with an abnormal physical examination or a 
DDH risk factor, such as positive family history, breech 
delivery, foot deformity, or torticollis. In these situa-
tions, ultrasound replaces the radiograph of the pelvis, 
which was routinely obtained in the past when hip 
abnormality was suspected. If a frankly dislocated hip is 
present, referral to orthopedics is appropriate. When the 
abnormal physical examination suggests less severe hip 
instability shortly after birth, sonography should not be 
done until at least 3 to 4 weeks of age because hip insta-
bility may resolve on its own. Newborns with a risk 
factor for DDH should be checked at 4 to 6 weeks. 
This avoids multiple examinations in cases of transient 
neonatal instability and immaturity related to maternal 
hormones. We examine each hip using the four dynamic 
sonographic views (Figs. 57-1 to 57-4) and report our 
findings with an emphasis on position and stability. 
Femoral head position is described as normal, sub-
luxed, or dislocated. Dislocations are easy to determine, 
and we have had no difficulty with their identification. 
Sometimes it can be problematic to decide whether an 
abnormal hip, which is widely displaced, should be 
called subluxed or dislocated. Stability testing is reported 
as normal, lax, subluxable, dislocatable (for subluxed 
hips), and reducible or irreducible (for dislocated 
hips). When stress maneuvers are performed, it is impor-
tant that the infant is relaxed; otherwise, inconsistency 
may be found between the sonographic and clinical 
examination findings and between serial ultrasound 
studies.

The acetabulum is assessed visually and is described 
as normal, immature, or dysplastic. More important 
are the development of the cartilaginous labrum and  
its coverage of the femoral head. Situations in which  
the bony component is steeply angled but the cartilage 
is well developed and covers the femoral head should  
be noted. Deformity and increased echogenicity of  



1992  PART V ■ Pediatric Sonography

FIGURE 57-4. Transverse/neutral view. A, Linear array transducer is perpendicular to neutral femoral head in the plane of 
acetabulum. B, Scan area (dotted lines) on supine normal MRI. C, Normal hip sonogram shows sonolucent femoral head (H) centered 
over triradiate cartilage with pubis (p) (anterior) and ischium (i) (posterior). D, Subluxed hip sonogram shows sonolucent femoral head 
(H) displaced posterolaterally with gap between pubis (p) and femoral head (arrow). Arrowhead, Triradiate cartilage; L, lateral; P, 
posterior.
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very young infants, before a commitment is made to a 
treatment regimen. When treatment is indicated, ultra-
sound is typically used to monitor hip position during 
treatment. Dynamic splints, such as the Pavlik harness, 
hold the hip in a flexed/abducted position. These 
restraints and similar devices are popular, and ultrasound 
has been tested as a way of monitoring hip position for 
infants in splint devices.22,33,34 The sonographic examina-
tion in these patients is limited to the transverse/flexion 
and coronal/flexion views. The stress portion of the 
examination should not be performed unless requested. 
Typically, stress is not used until the conclusion of treat-
ment, when weaning from the harness is instituted.

One of the problems with follow-up sonography has 
been its reliability in morphologic assessment of the 
bony acetabulum. Reports of discrepancies between 
the sonographic appearance of the bony acetabulum and 
the radiographic appearance indicate inexact correla-
tion.22 This may result from observer variation and the 
nature of the ultrasound measurements. We have chosen 
to include the pelvic radiograph as a baseline toward the 
end of the treatment protocol. The older the infant, the 

the cartilage are indications of more severe acetabular 
dysplasia.

Many reports attest to greater efficacy of sonogra-
phy compared with the clinical and radiographic 
examination.28-32 In young infants, ultrasound is able to 
detect hip laxity and malposition that is not apparent on 
the clinical and radiographic evaluations. Experience has 
indicated that most infants younger than 30 days have 
hip laxity that becomes normal after a few weeks without 
treatment. This is not a new observation; the phenom-
enon was recognized clinically by Barlow.1 It identifies, 
however, a group of infants who need follow-up. Not all 
infants become normal, and these patients require con-
tinued observation.28

Evaluation during Treatment

The usefulness of sonography in the follow-up of infants 
with DDH, whether for observation of resolving abnor-
mality or in conjunction with a defined treatment 
regimen, is widely accepted. Currently, sonography is 
routinely used to follow borderline cases, particularly in 

FIGURE 57-5. Anterior views (Dahlstrom). A, Scan area (dotted lines) on true lateral view of hip arthrogram; A, anterior; L, 
lateral; m, metaphysis; a, acetabulum. B, Normal hip sonogram shows sonolucent femoral head (H) bordered by metaphysis (m) laterally 
and acetabulum (a) medially. C, Dislocated hip sonogram shows posterior displacement of femoral head (H) and metaphysis (m).
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This opinion is based upon the fact that there is a high 
rate of spontaneous resolution of neonatal hip instability 
and dysplasia and lack of evidence that intervention 
affects outcomes for the population.42 The American 
Academy of Pediatrics has published guidelines for  
pediatric examinations for the diagnosis of DDH.43 
Screening by clinical examination is recommended, and 
ultrasound is reserved for infants having an abnormal 
examination or risk factor.44,45 According to the ACR 
2008 practice guideline for the Performance of the 
Ultrasound Examination for Detection and Assessment 
of Developmental Dysplasia of the Hip,14 indications for 
ultrasound of the infant hip include, but are not limited 
to, abnormal findings on physical or imaging examina-
tion of the hip, monitoring of patients with DDH 
treated with a Pavlik harness or other splint device, any 
family history of DDH, breech presentation regardless 
of gender, oligohydramnios and other uterine causes of 
postural molding and neuromuscular conditions.

more we tend to consider radiography, particularly when 
the ossification centers are large. After successful treat-
ment, continued monitoring of acetabular development 
by periodic radiographs is prudent. Residual acetabular 
dysplasia is reported in a small number of cases.35

At one time, in severe cases of DDH that required 
rigid casting, we removed a plug from the cast over the 
posterolateral aspect of the hip; this enabled us to evalu-
ate the hip position using our standard views. Although 
this was successful for us and others,15,36 there is a ques-
tion of whether the reduction can be compromised by 
removal of the plaster plug. The use of anterior or groin 
views is possible; however, we have not been comfortable 
with those approaches. In our institution, infants in rigid 
casts are evaluated using CT. The localizer CT film 
enables the examiner to select one or two slices that are 
adequate to assess hip position. Attention to keeping the 
radiation dose low is key. Magnetic resonance imaging 
(MRI) is increasingly used and gives no ionizing radia-
tion, although its high cost and unavailability are dis-
advantages.37 Vascularity of the femoral head following 
reduction can be evaluated by adding contrast to the 
examination.38

Avascular necrosis of the femoral head is a recognized 
complication of DDH treatment devices. Both color and 
power Doppler ultrasound have been used to assess the 
vascularity of the femoral head during treatment. Because 
of the microvascular architecture in the cartilage canals, 
power Doppler sonography is thought to have the best 
potential. Normal hips show a radial pattern of flow from 
the center of the unossified head. The central collection 
of vessels is the precursor of the ossification center and is 
seen before the center is apparent on radiographs. Bear-
croft et al.39 reported that diminished flow can be dem-
onstrated when the hip is placed in wide abduction, 
compressing the medial circumflex artery. This may cor-
relate with development of avascular necrosis and has been 
proposed as an aid in determining a safe abduction posi-
tion for treatment. The examination is technically difficult 
and currently performed primarily in the research arena.

Screening Program

The routine screening of all newborn infant hips with 
ultrasound has been a controversial issue. Based on a 
comparison between clinical and sonographic screening 
with sonography, Tonnis et al.28 concluded that all new-
borns should be screened for DDH with ultrasound 
because it detects more pathologic joints than the clinical 
examination. In some European countries, routine 
screening has been tried on a regional basis. Critics of 
newborn screening programs note the high number of 
infants undergoing treatment or requiring follow-up 
studies (whether for minor instability or immaturity in 
acetabular development), but it is also recognized that 
studying only infants at risk will not eliminate late cases 
of DDH.40,41 The current consensus in the United States 
is the net benefits of screening are not clearly established. 

INDICATIONS FOR HIP ULTRASOUND

1. Abnormal findings on physical or imaging 
examination of the hip.

2. Monitoring of patients with DDH treated with a 
Pavlik harness or other splint device.

3. Any family history of DDH.
4. Breech presentation regardless of gender.
5. Oligohydramnios and other uterine causes of 

postural molding.
6. Neuromuscular conditions.

DDH, Developmental dislocation/dysplasia of hip.

HIP JOINT EFFUSION

Clinical Overview

After 1 year of age, when sonography becomes unreliable 
for evaluation of DDH, it can be used to assess the 
painful hip. A variety of conditions cause hip pain in 
pediatric patients, including transient synovitis, osteo-
myelitis, Perthes’ disease, slipped capital femoral epi-
physis, fracture, and arthritis. Although radiography is 
performed initially and is often diagnostic, the plain 
radiographic film often is normal in the presence of small 
joint effusions. Sonography can be used to determine if 
an effusion is present and to guide arthrocentesis.

Sonographic Technique  
and Anatomy

The patient is examined in the supine position with  
the hips in the neutral position with as little flexion as 
possible. A high-frequency linear transducer is recom-
mended. The hip is scanned in a sagittal, oblique plane 
along the long axis of the femoral neck (Fig. 57-6, A and 
B). The brightly echogenic anterior cortex of the femoral 
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In the normal hip the joint capsule has a concave 
contour and the thickness of the capsule from the outer 
margin to the cortex of the femoral neck measures 2 to 
5 mm. When there is a joint effusion, the anterior recess 
of the capsule becomes distended with a convex outer 
margin, and fluid is seen between the anterior and  
posterior layers of the joint capsule.46 There is at least 
2 mm of increased thickness of the abnormal joint 

head and neck with the intervening echolucent physis is 
seen; the anterior margin of the bony acetabulum is 
visualized superiorly. The anterior recess of the joint 
capsule parallels the femoral neck in this area, with  
the outer margin forming an echogenic line anterior to 
the cortex of the femoral neck and extending over the 
femoral head (Fig. 57-6, C ). The iliopsoas muscle is 
superficial to the capsule.

FIGURE 57-6. Joint effusion. A, Transducer position parallels femoral neck. Scan plane (dotted line). B, Normal hip sonogram 
shows joint capsule (arrows) following contours of femoral head (H) and neck (N); A, anterior; S, superior. C, Hip effusion sonogram 
shows bulging joint capsule (arrows) with mixed echogenicity within capsule caused by hemorrhage or inflammatory debris.
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sonography is performed, to be followed by aspiration  
if there is an effusion or by bone scan if there is no 
effusion.54

At our institution, the workup of the painful hip is 
individualized, and we find hip sonography to be helpful 
in certain circumstances. When the clinical picture is 
unclear, the presence or absence of an effusion can guide 
the clinician in the diagnosis and the need for further 
evaluation. For example, in the patient with clinical and 
laboratory signs of transient synovitis, hip sonography 
may be used to demonstrate an effusion; however, the 
patient does not usually undergo joint aspiration. In a 
patient with hip pain and signs of sepsis, a bone scan or 
MRI is performed, regardless of the results of hip ultra-
sound, to exclude osteomyelitis. MRI provides a more 
detailed evaluation of localized disease, but bone scan has 
the advantage of global imaging of the skeleton.

OTHER PEDIATRIC 
MUSCULOSKELETAL 
ULTRASOUND APPLICATIONS

The sonographic technique used for pediatric musculo-
skeletal indications other than DDH is similar to hip 
ultrasound. Use of a high-frequency linear transducer is 
advised, with comparison to the contralateral unaffected 
side. Focal zones should be over the area of interest with 
the appropriate depth, and gain should be optimized for 
the tissues scanned.55

It is important for the sonographer to know the 
anatomy and obtain the proper landmarks to interpret 
the study correctly. In pediatric musculoskeletal sonog-
raphy, knowledge of the normal appearance of cartilage 
and the ossification centers is essential (Fig. 57-7).

INFLAMMATION

Infection

Ultrasound can be used to evaluate pediatric patients for 
infection of the soft tissues. In infection of the osseous 
structures, it is used to supplement standard modalities.

Cellulitis (infection of subcutaneous soft tissues) and 
pyomyositis (infection of skeletal muscle) may be hema-
togenous or may originate from a puncture wound. 
Sonographically, there is heterogeneous soft tissue thick-
ening and increased echogenicity in the affected area, 
and there may be regional adenopathy. If there is a 
puncture wound, foreign material may be present. Com-
parison to the contralateral unaffected side is helpful  
to make the diagnosis (Fig. 57-8). The inflammatory 
process can progress to abscess formation or necrosis. 
Although inflammatory debris within the abscess may be 
hypoechoic, it can also be isoechoic or even hyperechoic 
and difficult to appreciate.56 In this situation, close 

capsule (Fig. 57-6, C ) compared with the normal con-
tralateral capsule47-49 (Fig. 57-6, B). The use of measure-
ments alone is problematic when both hips are abnormal, 
although this occurs infrequently.

Fluid of varying echogenicity is seen within the 
capsule. The echoes are created by inflammatory debris 
or hemorrhage.48 Some studies have indicated specificity 
with regard to the appearance of the fluid. Zieger et al.50 
reported the fluid to be anechoic or hypoechoic in tran-
sient synovitis and more echogenic in septic arthritis, 
concluding that if the fluid is anechoic, the diagnosis of 
septic arthritis could be excluded. Other investigators 
have found the character of the fluid to be nonspe-
cific,47,51 describing echoes (probably representing hem-
orrhage) in the fluid in transient synovitis and anechoic 
fluid in cases of septic arthritis. Color Doppler sonogra-
phy has also been used in an attempt to distinguish 
between infectious and noninfectious effusions, but the 
technique proved to be unreliable.52

When fluid is detected, arthrocentesis can be per-
formed using sonographic guidance; a saline lavage can 
be used if fluid cannot be withdrawn. Although the pro-
cedure requires patient cooperation, it is relatively easy 
to perform and avoids the ionizing radiation required in 
fluoroscopic arthrocentesis. Some clinicians use arthro-
centesis therapeutically in Perthes’ disease because it 
reduces pain and allows a more normal range of motion.48

Other sonographic observations include fragmenta-
tion of the femoral head in Perthes’ disease with thick-
ened cartilage,53 slippage of the head in slipped capital 
femoral epiphysis, and cortical disruption in fracture or 
osteomyelitis, but these findings are better evaluated 
radiographically. Soft tissue swelling and other soft tissue 
abnormalities outside the joint capsule have also been 
diagnosed.

Clinical Applications  
and Experience

Several large studies of sonographic hip joint effusion 
detection have been reported. They show the technique 
to be easy to master and rapidly performed. The results 
have been highly sensitive in the detection of effusion, 
with as little as 1 mm of fluid recognized experimentally. 
False-negative results have been reported in infants 
younger than 1 year,50 probably because the femoral neck 
has not developed and the capsule is small. Fluid tends 
to surround the femoral head instead.

Although hip sonography is sensitive in the detection 
of effusion, its place in the workup of the painful hip 
varies from center to center. In one large series, although 
ultrasound facilitated early diagnosis or prompted further 
investigation in some patients, it altered the therapy or 
outcome in only 1% of the patients.51 Another group 
recommends the use of a protocol to evaluate the painful 
hip using radiography, hip ultrasound, and scintigraphy 
as follows: when the radiographic findings are negative, 
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hypoechoic, it is difficult to distinguish from the carti-
lage that caps the ends of the bones forming the joint. 
In addition, if there is debris in the fluid, it may be dif-
ficult to detect the septic effusion, similar to the soft-
tissue abscess (Fig. 57-9). Movement of the joint will 
show the cartilage-fluid interface clearly. Application of 
pressure to the tissue around a joint will cause joint fluid 
to shift, making the fluid easier to recognize. Pressure 
from the sides and back of the knee, for example, can 
force fluid into the suprapatellar bursa, thereby confirm-
ing an effusion. Color or power Doppler sonography 
may help because there is hyperemia with infection, and 
the capsule may show increased flow,58 but the absence 
of hyperemia does not exclude septic arthritis.52 As with 
hip effusions, sonography can be used to aspirate fluid 
from the joints.59

Lyme disease, caused by the spirochete Borrelia burg-
dorferi and spread by deer ticks, can result in arthritis. 
This usually occurs in the subacute or chronic phase of 

observation may reveal movement of the echoes within 
the abscess. Color and power Doppler may also assist 
in the diagnosis in that the rim of the abscess will dem-
onstrate increased flow, and the debris within the cavity 
should be avascular.57 If the fluid is mobile, motion may 
cause color or power signal on Doppler sonography, but 
spectral analysis will not reveal any true vascularity. 
Sonographic guidance can be used to biopsy or drain an 
abscess. A recent hematoma, early myositis ossificans, 
or a necrotic mass can have a similar appearance to an 
abscess, and the best way to distinguish infection from 
these entities is by clinical history and laboratory tests. 
In myositis ossificans and hematoma, after calcification 
develops, the echo pattern changes, and being mistaken 
for abscesses becomes unlikely.

Septic arthritis can be an isolated abnormality or can 
be secondary to infection in the adjacent soft tissues or 
bone. Fluid is seen in the joint, and debris may or may 
not be seen within it. When joint fluid is anechoic or 

FIGURE 57-7. Normal neonatal shoulder. A, Illustration of anterior and posterior axial planes of interrogation of the shoulder. 
B and C, Sonograms of normal neonatal shoulder. B, Anterior axial image. Cartilaginous humeral head (H) anteriorly rests on glenoid 
(G) posteriorly. Biceps tendon (arrowhead) seen in the bicipital groove. C, Posterior axial image. Humeral head laterally and posterior 
margin of scapula medially. A, Anterior; M, medial; P, posterior; S, scapula. (A from Grissom LE, Harcke HT. Infant shoulder sonography: 
technique, anatomy, and pathology. Pediatr Radiol 2001;31:863-868.)
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increased flow at the margin of the elevated perios-
teum in advanced infection.63 Osteomyelitis often 
spreads hematogenously in pediatric patients, so when it 
is detected in one location, examination of any other 
symptomatic areas is recommended. Some investigators 
examine all the extremities in this situation, particularly 
in infants who are difficult to assess clinically. A negative 
ultrasound does not exclude osteomyelitis.64

Cat-scratch fever is caused by a gram-negative bacil-
lus and is characterized by fever and regional, sometimes 
suppurative, adenopathy occurring proximal to the 
affected area, for example, in the groin related to scratches 

the infection and is characterized by relapsing effusions, 
particularly in the knee joint. There may be synovial 
thickening, and cartilage loss is seen late in the course. 
This can be confused with juvenile rheumatoid arthritis, 
and the diagnosis should be considered in patients with 
oligoarticular joint effusions.60

Osteomyelitis typically occurs in the metaphyses of 
the long bones. The earliest sonographic sign is deep soft 
tissue swelling. Later signs are fluid along the cortex of 
the bone or, subperiosteally, fluid in the adjacent joint 
(either sterile or septic), and cortical disruption61,62 (Fig. 
57-10). Color and power Doppler sonography will show 

FIGURE 57-8. Cellulitis. Transverse images 
of the soft tissues of the thigh. A, Thickening and 
increased echogenicity of the soft tissues superfi-
cial to the femur (F) on the affected side; A, 
anterior. B, Normal side for comparison.
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FIGURE 57-9. Septic arthritis. Coronal images of the shoulder. A, Echogenic fluid within the shoulder joint (arrowheads) superior 
to the humeral head (H); c, cartilage of humeral head; L, lateral; S, superior. B, Normal side for comparison.
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especially useful in nonaccidental trauma (Fig. 57-12). 
The joint can be examined to differentiate fracture from 
dislocation and to diagnose secondary effusion. Care 
must be taken to distinguish fluid from cartilage because 
both are hypoechoic. Passive motion and compression 
help to eliminate confusion. With fracture, there is virtu-
ally always associated soft tissue abnormality, although 
this may be subtle and localized. The soft tissue planes 
become thickened by edema, and a small fluid collection 
may be present. Hematoma is initially hyperechoic with 
disruption of normal soft tissue planes, and later more 

on the leg. These infected nodes are highly vascular65 
(Fig. 57-11). Patients with cat-scratch disease may also 
develop hypoechoic hepatic and splenic lesions.66

Noninfectious Inflammation

Sonography has been used to evaluate and to monitor 
the effects of treatment in pediatric patients with arthri-
tis. Synovitis and effusion are often seen, and there 
is increased Doppler signal in the inflamed, thickened 
synovium. The cartilage can also be examined for 
decreased thickness, increased echogenicity, and erosive 
changes.67-69 Baker’s cysts occur in these patients, most 
often in the knee, and must be differentiated from a mass 
or deep venous thrombosis.

TRAUMA

Radiographs are the initial diagnostic modality used in 
evaluation of trauma, but sonography is a useful problem-
solving tool when symptoms are present and radiographs 
are unrevealing. This applies to abnormalities such as 
growth plate fracture, soft tissue injury, retained non-
opaque foreign body, and other soft tissue abnormalities, 
including Erb’s palsy.

Sonography is an excellent means to detect a fracture 
through the growth plate, particularly in the infant  
when the epiphyses are not ossified. When searching for 
a fracture, it is important to study the bone from all 
possible angles. In the extremities, this may mean  
360-degree visualization. By careful examination of the 
affected area and comparison to the contralateral normal 
side, one can confirm fracture findings and assess align-
ment. An avulsion or metaphyseal fracture may be 
detected that is not seen radiographically. This can be 

FIGURE 57-10. Osteomyelitis. Longitudinal sonogram of the humerus (H); S, superior. A, Thickening and abnormal echogenicity 
of the soft tissues with fluid along the bone (arrows). B, Normal side for comparison.
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FIGURE 57-11. Cat-scratch disease. Enlarged inguinal 
lymph nodes (arrows) with increased vascularity (gray areas).
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Patients with Erb’s palsy or brachial plexus injury 
from birth trauma present with a flaccid upper extrem-
ity, but patients with fractures of the metaphysis or 
clavicle can present similarly.81 Scanning of the brachial 
plexus has been reported in infants. Avulsed nerve 

complex as it organizes and resorbs. If myositis ossifi-
cans develops, it will gradually ossify, starting peripher-
ally, but the early appearance will be identical.70,71

Ultrasound is also useful in evaluation of soft tissue 
structures such as tendons, ligaments, and muscles. The 
musculoskeletal soft tissue components well visualized in 
adults can be seen in older children and adolescents, so 
techniques described in adult musculoskeletal sonogra-
phy are generally applicable to pediatrics.72,73 Although 
the larger tendons (e.g., Achilles, infrapatellar) can be 
seen at younger ages, the indications for ultrasound 
differ. For example, sonography can be used to diagnose 
and grade Osgood-Schlatter disease.74,75

Examination for retained nonradiopaque foreign 
bodies or localization of opaque foreign bodies is another 
indication for sonography. When foreign material is 
seen, the soft tissues can be examined for secondary 
inflammatory change, and sonography can provide guid-
ance for removal and/or drainage76 (Fig. 57-13).

Popliteal cysts often present in pediatric patients 
as a painless “swelling” or “soft tissue mass” behind  
the knee joint. Ultrasound is used to confirm the cystic 
nature of the mass. The cysts arise from the gastrocnemius-
semimembranosus bursa and are lined with synovial 
fluid. They are deemed “idiopathic,” and although many 
think these are posttraumatic, a trauma history is rarely 
elicited, and associated intra-articular pathology is rare.77 
Popliteal cysts are considered to be different from those 
found in childhood arthritis.78 These cysts are usually 
oval with a few septations but no solid tissue, located 
posteromedially in the popliteal fossa. Popliteal cysts can 
persist for years but do not rupture or become symptom-
atic. The natural history is spontaneous regression, so 
typically no treatment is recommended.79 Whenever a 
cyst is seen in the area of a joint, ganglion cyst should 
also be considered.80

FIGURE 57-12. Infant with nonaccidental trauma. Longitudinal sonogram of shoulder. A, Metaphyseal fracture fragment 
(straight arrow) and soft tissue swelling (curved arrow) not detected on radiograph. B, Normal side for comparison. h, Humeral head; S, 
superior.
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FIGURE 57-13. Foreign body. A, Sonographic image over 
a puncture wound in the foot. Arrow, Foreign body, entry site 
indicated. B, Linear foreign body proved to be a fragment of 
pencil.
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technically challenging because there is usually coxa vara 
and frequently also flexion contracture. There is the 
potential to misinterpret the elevated greater trochanter 
of the femur as a dislocated femoral head.84 In tibial 
hemimelia the presence of patellar and tibial cartilage as 
well as the quadriceps tendon can be confirmed. Scan-
ning from an anterior approach in the longitudinal plane, 
the cartilaginous patella is located, and, if present, the 
infrapatellar tendon can be traced to its distal insertion.85 
The cartilaginous tibial anlage can be measured. Volun-
tary and passive motion of the knee joint with real-time 
sonography is helpful in demonstrating function.

Congenital dislocations of the knee or elbow can 
be problematic radiographically because of the amount 
of cartilage making up the joints in the young infant. 
Often the question is not about the dislocation, but 
about the ability to reduce the dislocation and maintain 
stability with immobilization. Dynamic sonography pro-
vides a complete picture of the anatomic relationships 
and allows the joint components to be optimally posi-
tioned for splinting. Radial head dislocation can be ante-
rior or posterior and is easily diagnosed sonographically, 
using a linear transducer and scanning the contralateral 
side for comparison. Knee dislocations result from in 
utero malposition (hyperextension). Dislocations can be 
evaluated sonographically for position and stability, as 
well as to establish the optimal degree of flexion before 
casting86 (Fig. 57-15).

Foot anomalies, including clubfoot and vertical 
talus, have also been examined sonographically. Visual-
ization of the unossified tarsal bones is possible, with 
studies focusing on these relationships and how readily 
they change with casting and surgery. Particular atten-
tion is given to the unossified tarsal navicular and its 
relationship to the medial malleolus.87,88 In clubfoot 

roots, meningoceles, and neurogenic tumors can be 
demonstrated82 (Fig. 57-14). Secondary subluxation or 
dislocation of the humeral head can be detected by scan-
ning in multiple projections and using internal/external 
rotation of the humerus, again comparing the symptom-
atic and the contralateral normal sides. Normally the 
humeral head rests on the glenoid in all views. With 
subluxation the shoulder joint is widened with rotation, 
and in dislocation the humeral head will not be normally 
related to the glenoid.83 Fractures of the clavicle or proxi-
mal humeral metaphysis can also be detected.

CONGENITAL ABNORMALITIES

Sonography can assist in characterizing congenital mus-
culoskeletal abnormalities, including deficiency anoma-
lies, such as proximal femoral focal deficiency (PFFD) 
and tibial hemimelia, congenital joint dislocations, tera-
tologic hip dislocation, skeletal dysplasias with “atypical” 
hips, and fibromatosis colli. Ultrasound defines the  
cartilage and soft tissue elements that are not visible 
radiographically.

In PFFD and tibial hemimelia, there is a spectrum 
of abnormalities, and sonography can be used to define 
presence or absence of cartilaginous anlage and soft tissue 
structures that determine the subtype. When the subtype 
is established, the orthopedic surgeon can more accu-
rately assess prognosis and treatment. Sonography is not 
intended to replace more definitive imaging, such as 
MRI, but to delay the need for this until the infant is 
older and treatment is being planned. In the case of 
PFFD, the presence and location of the femoral head 
and nonunion between the femoral head and the  
shaft are critical. The sonographic examination can be 

FIGURE 57-14. Avulsion of sixth cervical (C6) nerve root in an infant. Transverse image of interscalene region. S, 
Scalene muscle bony walls of the neural foramina (solid arrows). A, Thickened and hypoechoic injured nerve root (open arrow). B, Normal 
side for comparison. (Courtesy Maura Valle, Genova, Italy.)
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Teratologic dislocation is considered a different 
entity than DDH. Teratologic hips are dislocated in 
utero and are seen in patients with various syndromes 
and neuromuscular disease. The sonographic findings at 
rest resemble those seen in the frank dislocations of 
DDH, but teratologic dislocation is more severe in that 
there is fixed positioning with minimal mobility. The 
dysplastic acetabula often cannot be accurately evaluated 
because they are obscured by the femoral shafts that 
project over the acetabula from dislocation of the femoral 
heads. The dynamic examination may be difficult 
because of soft tissue contractures.

While performing infant hip ultrasound examina-
tions, the clinician occasionally encounters cases with 
morphologic features that vary from those typically seen 
in DDH. We use the phrase “atypical hip” to describe 
the findings in these hips, including echogenic cartilage 
and soft tissues, delayed ossification, and often coxa 
vara.91,92 Patients with atypical hips include those with 
spondyloepiphyseal dysplasia, meta-atropic dyspla-
sia, cleidocranial dysplasia, and congenital myopathy. 
In these conditions the hips are often dislocated with 
abnormal acetabula, mimicking DDH. As with PFFD, 
inexperienced sonographers can confuse the elevated 
trochanter with a laterally dislocated femoral head84 
(Fig. 57-16). The clue to the correct diagnosis is the 
increased echogenicity of the cartilage and of the muscles 
surrounding the hip joints.91,93,94

Fibromatosis colli is congenital thickening of 
the sternocleidomastoid muscle, usually secondary to 

(talipes) the navicular is medially displaced and smaller 
than normal; treatment by serial casting is intended to 
correct the alignment. Reports emphasize measurements 
of distance and angulation with the hope of differentiat-
ing feet that will respond to conservative treatment from 
those needing surgical correction.89,90

FIGURE 57-15. Knee dislocation. Anterior longitudinal 
view in extension; anterior displacement of the tibia corrected 
with partial flexion of the knee; f, distal femoral epiphysis; p, 
patella; S, superior; t, proximal tibial epiphysis.

FIGURE 57-16. Atypical hip. A, Radiograph of a 4-month-old infant with Kniest’s dysplasia shows shortening of the long bones 
and bulbous ends of the bones. B, Coronal neutral sonogram shows increased echogenicity of the cartilage and coxa vara with elevation 
of the greater trochanter (arrow) and narrowing of the acoustic window of the hip joint; h, femoral head; L, lateral; S, superior.
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17. Harcke HT, Lee MS, Sinning L, et al. Ossification center of the infant 
hip: sonographic and radiographic correlation. AJR Am J Roentgenol 
1986;147:317-321.

18. Graf R. Classification of hip joint dysplasia by means of sonography. 
Arch Orthop Trauma Surg 1984;102:248-255.

19. Zieger M, Hilpert S, Schulz RD. Ultrasound of the infant hip. Part 
1. Basic principles. Pediatr Radiol 1986;16:483-487.

20. Morin C, Harcke HT, MacEwen GD. The infant hip: real-time US 
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of the acetabulum in the infant hip. Acta Orthop Belg 1999;65: 
261-265.

22. Polanuer PA, Harcke HT, Bowen JR. Effective use of ultrasound in 
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Clin Orthop Relat Res 1990:176-181.
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method. Pediatr Radiol 1986;16:488-492.

24. Bialik V, Pery M, Kaftori JK, Fishman J. The use of ultrasound scan-
ning in the management of developmental disorders of the hip. Int 
Orthop 1988;12:75-78.

25. Engesaeter LB, Wilson DJ, Nag D, Benson MK. Ultrasound and 
congenital dislocation of the hip: the importance of dynamic assess-
ment. J Bone Joint Surg 1990;72B:197-201.

abnormal in utero positioning. These patients have an 
increased risk of DDH for the same reason. Patients 
usually present in the neonatal period with torticollis and 
are found on physical examination to have a unilateral 
anterior neck mass. Sonographic examination confirms 
the location of the mass in the muscle and demonstrates 
nodular and echogenic thickening of the muscle95,96 (Fig. 
57-17). The use of ultrasound can prevent more invasive 
testing and unnecessary biopsy when this benign condi-
tion is recognized.

CONCLUSION

Although DDH was the first and continues to be the 
most common single indication for musculoskeletal 
ultrasound in pediatric patients, many other uses have 
been explored and developed. The ability to discriminate 
between soft tissue structures and cartilage makes ultra-
sound especially helpful in pediatric patients. In this age 
of increasing concern regarding radiation, sonography 
has become an attractive alternative in the evaluation of 
the musculoskeletal system.
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GENERAL PRINCIPLES

The Patient

Unlike many adult patients, most pediatric patients are 
medically robust, without superimposed coronary, 
peripheral vascular, or cerebral disease. The smaller the 
patient, the more appropriate is the use of ultrasound 
guidance for interventional procedures, especially during 
the initial access phase. Physicians whose practice mostly 
involves adults often regard a baby or child as a fragile, 
dangerous patient. On the contrary, children tolerate 
levels of pH, creatinine, Po2, and sedation that might 
cause major complications in adults. The pediatric 
patient typically is unconcerned about the details of the 
disease and treatment, and all but the sickest patients 
simply want to leave the imaging department with the 
most amount of play and least amount of anxiety and 
discomfort. The parents are often more difficult to 
manage than the child. Understanding of the different 
needs of the parents and the child is essential from the 
beginning of the interaction.

Personnel and Equipment

Adequate equipment and experienced assistants are 
essential for successful and safe pediatric intervention. 
Although most radiologists should be able to perform 
basic ultrasound-guided procedures on children, some 
cases are not appropriate for the inexperienced or occa-
sional operator. A commitment to careful, graded learn-
ing, including the use of training phantoms, is needed, 
as is a good knowledge of regional anatomy or the will-
ingness to learn and review the anatomy before attempt-
ing challenging procedures.

By its nature, the timing of interventional practice is 
not always predictable or convenient, and the general 
ultrasound department may resent calls for borrowing 
ultrasound equipment on short notice. Despite the 
inconvenience, the interventionist should aggressively 
insist on the best technical ultrasound equipment avail-
able. The ideal situation is to have dedicated interven-
tional ultrasound equipment housed in the interventional 
suite. Some major pediatric radiology departments have 
moved the interventional suite to the operating room 
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example of multimodality guidance; this 15-year-old  
boy presented with 3 months of left thigh pain initially 
treated as a knee sports injury. Later, radiographs and 
MRI demonstrated a multicystic lesion with fluid-fluid 
levels arising from the posterior femur. Ultrasound iden-
tified the soft tissue component of the lesion and the 
surrounding medium-caliber arteries, allowing avoid-
ance of these vessels during initial ultrasound-guided 
placement of the biopsy device. Cone-beam CT with 
virtual guidance was then used to obtain initial soft tissue 
samples for frozen-section biopsy to minimize the risk of 
more aggressive biopsy of a malignant lesion. Frozen-
section analysis revealed a benign lesion. Conventional 
fluoroscopy then allowed further sampling from all 
quadrants of the lesion.

ULTRASOUND TECHNIQUES

Transducers

A selection of transducers is essential. Small patient size 
and lack of subcutaneous fat in most children allow use 
of high-frequency transducers. Procedures performed 
around ribs, such as thoracentesis, are best done with 
small-footprint sector transducers. Vascular access pro-
cedures are best performed with a linear high-frequency 
transducer. Color Doppler ultrasound is useful for local-
ization of major blood vessels. Transducers with good 
near-field resolution are used for superficial lesions and 
for initial accurate placement of local anesthetic on the 
peritoneum, deep fascia, or organ capsule.

One vs. Two Operators

Typically, inexperienced operators require the technolo-
gist or another radiologist to perform the ultrasound 
scanning. This should be vigorously discouraged. 
Although large, simple fluid collections can be drained 
this way, the necessary skills for accurate needle place-
ment in small organs or near critical structures will never 
be learned. A single practitioner using an ultrasound 
transducer in one hand and the access needle or other 
device in the other hand is far superior to the “where’s 
my needle now?” type of verbal communication required 
with two operators.

Freehand vs. Mechanical Guides

Most ultrasound equipment manufacturers supply well-
designed mechanical guides that attach to a transducer 
and allow a predictable needle path to be visualized. 
These guides are useful for keeping the needle in the 
plane of the ultrasound beam and can be used for lesions 
with a simple approach path or a wide access window. 
Most devices require a disposable sterile kit when the 
device is used, adding to the cost of the procedure. 

(OR) environment. This integration of interventional 
radiology services within the OR environment has 
resulted in increased cooperation between interventional 
radiologists and surgeons, especially involving intraop-
erative ultrasound assistance during traditional surgical 
procedures.

GUIDANCE METHODS

Computed tomography (CT) is necessary for some pro-
cedures, especially those involving bone. In most other 
cases, however, ultrasound-guided access followed by 
ultrasound or fluoroscopic monitoring of wire and cath-
eter placement is ideal (Table 58-1). Ultrasound can be 
used in the CT suite to complement a predominantly 
CT-guided procedure. Radiation dose to children under-
going CT procedures has recently aroused significant 
controversy, and use of ultrasound can reduce the need 
for CT.1

Multimodality Interventional Suites

The recent availability of cone-beam CT software on 
advanced angiography equipment, with virtual three-
dimensional (3-D) guidance, enables combined complex 
interventional procedures involving ultrasound-guided 
access, CT-like 3-D imaging, live guidance graticules 
(superimposed over 3-D images), and conventional fluo-
roscopy, all in the same interventional radiology suite.2

Magnetic resonance imaging (MRI) guidance in  
pediatrics is used infrequently. Figure 58-1 provides an 

TABLE 58-1. COMPUTED TOMOGRAPHY 
VS. ULTRASOUND IN PEDIATRIC 
INTERVENTIONAL TECHNIQUES

COMPUTED 
TOMOGRAPHY ULTRASOUND

Radiation Used; radiation dose to 
pediatric patients is an 
important issue in 
pediatric imaging.

None

Scan plane Limited to axial 
(especially difficult 
near diaphragm)

Unlimited, except 
by bone or gas

Resolution Excellent, although lack 
of fat in children can 
limit visualization

Excellent

Convenience More difficult to schedule High
Cost High Intermediate
Monitoring By repeat scan; no 

real-time ability; 
recovery from kinked 
wires difficult

Real time

Gas and bowel Excellent, especially with 
contrast

Poor



FIGURE 58-1. Multimodality interventional procedure guidance: biopsy of posterior femur cortical aneu-
rysmal bone cyst. A, Transverse STIR magnetic resonance image of mid–left femur. Black arrows, Eroded posterior bone cortex; 
white arrows, fluid-fluid levels. B, Longitudinal sonogram shows the soft tissue component of the lesion (black arrows). C, Color Doppler 
ultrasound showed little internal blood flow, but D, moderate-sized peripheral arterial vessels were identified and avoided during the 
biopsy. E, Axial cone-beam CT shows initial guidance graticule and bone biopsy device entering the posterior bone cortex. F, Available 
fluoroscopy allowed sampling from multiple areas within the lesion.
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placing the transducer on the anterior abdominal wall 
using the right hand and making the needle approach 
from the patient’s right lateral position, parallel to the 
table, using the left hand. A left-sided biopsy would best 
be done by using the left hand for the transducer and the 
right hand for the needle approach from the left flank. 
With some practice and some simple rules, it is not dif-
ficult to use the nondominant hand as the needle hand.

Initial Needle Placement  
and Localization

The most important technique to learn in freehand 
sonography is needle localization. These rules work 
equally well for a needle entry site near the transducer 
or at a distance (Fig. 58-2). The entry point is chosen 
after careful consideration of the anatomy and important 
structures such as ribs, large vessels, diaphragm, and 
bowel. Indentation of the entry site using a finger to 
compress the skin allows the exact entry site to be assessed 
(Fig. 58-3). Once the entry site is chosen, a last check 
can be made by placing the transducer exactly over the 
marked entry point for a “needle’s-eye view” to ensure 
that there will be no surprises, such as the internal 
mammary artery, during mediastinal biopsy, which may 
be overlooked unless specifically localized. Once the 
entry path has been chosen, and after proper application 
of local anesthetic, the needle or biopsy device is placed 
through the skin toward the target. The needle and 
transducer need to be precisely in the same plane. This 
can be checked by looking directly down onto the top 
of the transducer and needle just before the initial place-
ment is made (Fig. 58-4). The depth of the target should 
be measured and remembered before needle placement.

The needle should be initially advanced about one-
half the distance to the target under direct ultrasound 
monitoring. If necessary, the preplanned distance of 

Special needle guides are useful for the initial puncture 
for transrectal abscess drainage.3

Freehand guidance is more difficult to learn, but 
allows much more flexibility of approach. When the 
needle can be positioned 45 to 90 degrees to the beam, 
even fine, 30-gauge needles are easily visible. Freehand 
guidance allows the operator to choose the most advanta-
geous transducer geometry and to steer the needle or 
biopsy device around other structures on the way to the 
lesion. Accurate placement of local anesthetic on the 
peritoneum, pleura, and other sensitive structures is 
made easier by freehand technique.

Color Doppler Ultrasound

Color Doppler sonography has been advocated for visu-
alization of the moving needle during interventional 
procedures. In our experience, however, the potential for 
better visualization of the needle tip is outweighed by 
the degradation of the gray-scale image and flash artifacts 
when color Doppler is active. Various needle-tracking 
devices are available to enhance the visualization of the 
needle, but with the exception of the Yueh (Cook, 
Bloomington, Ind) and Skater (InterV, Stenlose, 
Denmark) type of sheathed access devices, which have 
tiny holes in the catheter tip, these devices all add com-
plexity and expense and are generally unnecessary if 
accurate ultrasound technique is learned.

FREEHAND TECHNIQUE

Freehand technique requires that the transducer be held 
in one hand and the needle or biopsy device in the other. 
The interventional physician needs to be able to use 
either hand as the needle, or operating, hand. For 
example, a biopsy of the liver might be obtained by 

FIGURE 58-2. Common approaches. A, The most common entry sites are either 1, lateral (parallel to the transducer face), or 2, 
adjacent to the transducer. B, When the needle is parallel to the transducer face, a prominent reverberation artifact is seen or a “comet-
tail” artifact is seen when the needle is not parallel. The needle can be more difficult to locate in position 2.
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FIGURE 58-3. Locating the entry site laterally. The 
exact point of entry can be tested by rotating the transducer 
toward the body wall and palpating potential entry sites with a 
finger that is readily visible on the ultrasound real-time images.

A B

C
FIGURE 58-4. Needle alignment. A, After locating the 
entry site, the needle is inserted in a plane strictly parallel with the 
transducer, B and C.

insertion can be marked on the needle with a Steri-Strip. 
Inexperienced operators often obsessively keep pushing 
the needle, hoping somehow that it will magically make 
the needle visible. Radiologists who usually work with 
adults may not appreciate the short insertion distances 
required in small children and babies.

Locating Needle after Insertion

With experience, it is possible to keep the needle visible 
starting from the moment of insertion, but if not, the 
needle must be localized before further advancement. 
Check that the transducer and needle are parallel to each 
other by looking down the cable of the transducer with 
one eye closed. If the two are not parallel, adjust the 
position of the transducer, not the needle. Once the 
transducer and needle are parallel, keep the transducer 
in that plane, and move the transducer a few millimeters 
back and forth strictly in the plane of the needle (Fig. 
58-5). It is often useful to anchor the transducer hand 
on the patient by placing the fourth and fifth digits or 
the hypothenar border of the transducer hand firmly on 
the patient’s skin, using the thumb and the second and 
third digits to hold and move the transducer. It is impor-
tant not to jab the needle in and out aggressively or move 
the needle and transducer in complex directions or 
angles all at once in a hopeful, and usually ineffective, 
attempt to localize the needle.
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The most common problem is that the needle is not 
pointing at the target, or the target is no longer visible 
in the scan plane.

Correcting Needle Angle

If the needle and target are visible in the one image, but 
the needle angle is incorrect, do not attempt to change 
the angle radically while the needle is deep in an organ. 
Doing so, especially with a rigid biopsy needle, may result 
in significant bleeding and other complications. Instead, 
partly withdraw the needle until it is subcutaneous, adjust 
the angle, and reinsert the device under direct ultrasound 
monitoring as done previously (Fig. 58-7, A-C ).

If the transducer is not vertical, it is sometimes diffi-
cult to decide which way to adjust the needle angle. This 
simple rule will always work: consider the position of the 
transducer cable, and move the needle in relation to it 
(Fig. 58-7, D and E ). It is important, however, to know 
which side of the transducer belongs to which side of the 
ultrasound monitor screen. One should always test the 
orientation of the image before beginning a procedure 
by running a finger over the transducer face and noting 
where the finger appears on the screen. Otherwise, the 
image of the needle is expected on one side of the screen 
but is actually on the other side, where it is not noticed 
and is well on its way toward the aorta or other signifi-
cant structure.

Correcting Off-Target Needle

If the needle is visible, but the target is not visible, move 
the transducer parallel to the plane of the needle, first 
one way and then the other, until the target is reestab-
lished. Remember which way the transducer needed to 
be moved to reimage the target, then withdraw the needle 
to the skin, move the skin entry site in the same direction 
by moving the needle tip in the subcutaneous tissues, 
and advance the needle once again into the patient.

Training Aids for Freehand 
Sonographic Intervention

These techniques can be practiced on various phantoms. 
The most readily available and practical practice phantom 
consists of a turkey breast and various materials, such as 
beef kidney, olives, cocktail onions, or artificial cysts 
made by tying off the finger of a surgical glove that has 
been filled with water. These materials are placed in the 
plane between the pectoralis major and minor muscles 
while the turkey breast is under water.4-6

EQUIPMENT

Many types of needles and devices are available, and each 
practitioner should select and become familiar with a 
limited selection of these devices.

If the whole length of the needle is not visible, it may 
be at an angle oblique to the plane of the transducer, 
resulting in an erroneous impression of the position  
of the needle tip (Fig. 58-6). Usually, only a few degrees 
of transducer rotation are required to obtain an image of 
the whole needle shaft.

The localization of the needle after initial placement 
must be a thoughtful and purposeful process that 
involves moving the transducer back and forth (“trans-
lation”), then adjusting and rotating its position in 
small increments until the whole length of the needle 
is visible.

If the needle and the target are visible, and the needle 
is pointing at the target, the needle is simply advanced 
toward the target. The needle may need a short, sharp 
jab to enter the target, particularly if the target is a 
normal structure such as the gallbladder, a calyx, or bile 
duct. The organs and tissue planes of children are  
soft and compliant and sometimes “float” away from 
the needle tip as it is advanced, but the short jab 
required to puncture such organs or structures must 
always be made purposefully and under control and. 
Some collagen disorders and prune-belly syndrome 
cause even greater difficulties in initial organ or struc-
ture puncture.

FIGURE 58-5. Transducer motion. After inserting the 
needle, if the needle is no longer visible on the ultrasound image, 
the transducer is translated backward and forward in the plane  
of the needle, without rotating the transducer, until the needle  
is localized. The actual amount of movement required is much 
less than shown in this diagram; typically, it is only a few 
millimeters.
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wires are subject to kinking, especially when the dilator 
meets the deep fascia or capsule of an organ. We have 
found the Neff Set (Cook) to be especially useful and 
easy to use.

Drainage Catheters

Modern commercial catheters are of high quality, and 
usually a general-purpose or locking-loop catheter will 
suffice. For thick pus or old blood, a large-caliber cath-
eter or even a chest tube may need to be placed.

Chiba Needles

The Chiba class of relatively safe, very useful, flexible, 
small-diameter (usually 22-gauge) needles is used for 
diagnostic contrast studies or for initial puncture of  
a target, especially if the target is near a vital structure. 
If the procedure involves subsequent placement of  
a guidewire or catheter, only a thin guide (typically 
0.018 inch) can be placed through the needle. This  
is a relative disadvantage because a dilator will have  
to be placed over the 0.018-inch wire, and the thin 

FIGURE 58-6. Off-plane needle position. A, This off-plane position results in a shortened view (E-X) of the needle and a false 
sense of needle tip position at point X, whereas the real position of the tip is at point Y. B, Off-plane view of part of the shaft of the 
needle during gallbladder puncture. C, With needle in the exact plane of the transducer, the whole of the needle (E-Y) is visible. D, It is 
now clear that the needle tip is actually in the gallbladder. Normally, the tip is accurately localized before puncture of the gallbladder. 
These images were obtained for illustration purposes, after successful gallbladder puncture.
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complexity of the procedure, increasing the risk of losing 
position or kinking the wire, especially with most 0.018 
wires, which are not robust.

Various prepackaged exchange sets are available com-
mercially. Some sets have a dilator/sheath that is placed 
over the 0.018 wire, and then the dilator is removed, 
leaving the larger sheath in place, which allows  

Initial Puncture Device

Most drainage catheters need to be placed over at  
least a 0.035-inch-diameter guidewire. An initial punc-
ture with a small-caliber needle and placement of a 
0.018-inch wire requires an exchange maneuver, and 
each passage of a wire or dilator adds to the time and 

FIGURE 58-7. Changing needle angulation. A, If the needle, once localized, is not at the correct angle, the needle should be 
partly withdrawn. B, The hub is moved in relation to the position of the transducer cable. C, The needle is reinserted at the correct angle. 
D and E, The principle of moving the hub in relation to the transducer cable applies in any position of the transducer-needle 
combination.
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be thoroughly understood (Fig. 58-8). It is important to 
remember that even if the apex of the diaphragm is 
grossly elevated by a mass or a subphrenic fluid collec-
tion, the diaphragm is still attached to the chest wall in 
the same relative position as it was at birth. If the pleural 
space is to be avoided, one must still enter a subphrenic 
collection below the peripheral attachment of the dia-
phragm. The diaphragm generally passes across the  
junction of the middle and outer thirds of the 12th  
rib posteriorly. From this point, a line drawn around  
the chest to the xiphoid process of the sternum (xiphi-
sternum) will trace out the peripheral attachment of  
the diaphragm. It is important to be aware that the 
pleural space extends inferior to the inner third of the 
12th rib.

Colon and Bowel

The colon lies just anterior to the kidneys and may be 
inadvertently punctured when entering from the pos-
terolateral position during percutaneous nephrostomy. A 
nondistended colon may not be easily detectable by 
ultrasound, and one must be careful to avoid placing a 
nephrostomy too lateral or too anterior. If there is any 
doubt, a contrast enema can be performed, and the posi-
tion of the colon can be localized by fluoroscopy before 
or during the procedure.

SEDATION

Few children under 12 years of age will cooperate during 
an invasive procedure, and a thorough familiarity with 

placement of the 0.035 wire. These systems are used for 
some biliary procedures or where vital structures are close 
to the target. The Yueh access device (Cook, Blooming-
ton, Ind.) is a needle/sheath device with small holes 
drilled in the end of the catheter, making it more con-
spicuous during ultrasound guidance.

Biopsy Devices

Aspiration cytology is not widely used in children because 
there is a much more diverse group of potential lesions 
in children than in adults. Many of the pediatric tumors 
depend partly on cellular arrangement for diagnosis,  
and pediatric pathologists are generally uncomfortable 
with making important diagnoses based on cytology 
specimens alone. Disposable, automated suction-core or 
slotted needle instruments are most often used. Although 
it may seem logical that small-diameter devices should 
be used in children, in general, 16 to 18–gauge needles 
are most often used in order to obtain sufficient material 
for pathology examination. The larger needles may seem 
more dangerous, but placement and monitoring under 
ultrasound guidance minimizes the risk.

ANATOMY

Diaphragm

A thorough knowledge of regional anatomy is essential. 
If a procedure will occur in an unfamiliar area, there is 
always time to look up the anatomy in a text before 
proceeding. The surface anatomy of the diaphragm must 

FIGURE 58-8. Surface anatomy of diaphragm, posterior view. The pleural space normally extends inferior to the 12th 
rib medially (position A), and superior to the lateral third of the 12th rib (position B). A line drawn from position B to the xyphoid 
process of the sternum (xiphisternum) (position C) will map out the surface markings of the peripheral attachment of both the normal 
and the pathologically elevated diaphragm. Even if the dome of the diaphragm is grossly elevated by a pathologic process, the peripheral 
attachment remains unchanged!
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pediatric sedation is necessary, together with skilled per-
sonnel and adequate resuscitation facilities. It is better to 
do a procedure under general anesthetic than to attempt 
the procedure without adequate sedation. If the child  
is uncomfortable or moving excessively, the sedation 
should be increased, help should be obtained, or the 
procedure should be terminated.

Our sedation protocol has been described.7 Care must 
be used with all sedation medications, and fentanyl is 
generally not used in children younger than 12 months. 
Details of sedation are beyond the scope of this chapter. 
Specific publications should be consulted and training 
acquired before performing deep sedation in children. A 
well-organized and experienced team who perform seda-
tion regularly, with appropriate guidelines and limits, is 
more important than which drugs are used. High-volume 
interventional groups are moving adjacent to or into the 
OR environment and are increasingly using the anesthe-
sia service for sedation.

LOCAL ANESTHETIC TECHNIQUE

The most frequently used anesthetic agent is lidocaine 
(Abbott, Chicago) 1% solution. The usual maximum 
adult dose for local anesthesia is 4.5 mg/kg body weight 
(0.45 mL/kg of 1% solution). A maximum dose of 3 to 
4 mg/kg (0.3-0.4 mL/kg of 1% solution) for children 
over 3 years of age is noted in the product-insert dosage 
recommendations, but there is no recommendation for 
younger children. We routinely use the 3 to 4 mg/kg 
(0.3-0.4 mL/kg of 1% solution) for all but extremely 
premature babies. Lidocaine is only chemically stable in 
a slight acid solution, so it is often used with sodium 
bicarbonate 8.4% solution in a 10:1 ratio immediately 
before injection, which effectively reduces the sensation 
of stinging as the local anesthetic is injected. Liberal use 
of topical local anesthetic creams is also useful, but must 
be applied 20 minutes before the procedure, and the 
entry site for a procedure is not always known in advance.

It is a common error to inject the local anesthetic and 
then immediately commence the procedure. All clini-
cally useful local anesthetics work by diffusing across the 
lipid myelin and nerve cell membrane and paralyzing the 
sodium channel from the intracellular side of the sodium 
channel. It is therefore not surprising that lidocaine 
needs 5 to 8 minutes to achieve full effect. We usually 
place the local anesthetic, at least in the deep subcutane-
ous tissues, before gowning and gloving and preparing 
equipment. This allows time for the anesthetic to achieve 
maximal effect. Dentists are well aware of the time 
needed for maximal local anesthetic effect, but many 
physicians seem unaware of the need for waiting to 
achieve good local anesthesia. The description of an 
experimental, highly selective nociceptor (pain) agent 
without effect on motor or general sensation nerves is 
intriguing.8

The pain and stretch receptors are mostly in the epi-
dermal layer. Discomfort associated with local anesthetic 
administration mainly results from the rapid stretching 
of the epidermal sensors, before the local anesthetic agent 
has had time to block the axons. Thus, the common 
practice of “raising a wheal” in the epidermis is contra-
indicated. Use of 30-gauge or smaller needles for initial 
slow, deep subcutaneous injection minimizes the dis-
comfort and often allows initial injection without the 
patient being aware of the skin puncture. Initial local 
anesthetic application to the deep subcutaneous layers 
allows the agent first to block the axons of the pain and 
other epidermal sensory nerve endings. Once this has 
been achieved, later local anesthetic application to the 
epidermis is usually painless. Care must be taken to 
exclude air from the syringe and needle before injecting 
the local anesthetic; even the amount of residual air in a 
30-gauge needle, injected subcutaneously, may seriously 
degrade the ultrasound image.

Ultrasound-Guided Deep Local 
Anesthetic Administration

One of the keys to successful percutaneous procedures 
in children is adequate local anesthetic control of deep 
sensation. Many practitioners anesthetize only the skin 
and subcutaneous tissues and are then surprised when 
the patient moves or complains vigorously as a dilator is 
passing through the peritoneum, deep fascia, or the 
capsule of the organ. The solution is to place the major-
ity of the local anesthetic on the peritoneum, fascia, or 
capsule. In general, it is the external covering of an organ 
or muscle, the pleura, peritoneum, perimysium, or deep 
fascia that registers pain sensation. Subcutaneous fat, 
organs, and the muscle belly have few nerve endings. 
Deep local anesthetic application is best achieved by 
using sonographic guidance. Surprisingly, even 30-gauge 
needles can be easily identified close to the skin with 
high-quality 7- or 10-MHz transducers. The focal zone 
must be adjusted appropriately; with optimal conditions, 
however, the local anesthetic can be deposited where it 
will have the most effect. This reduces the depth of seda-
tion required and the time required to complete some 
procedures, without the general anesthesia otherwise 
required (Fig. 58-9).

ANTIBIOTICS

Antibiotics are routinely needed only when draining an 
infected collection or when the patient is immunosup-
pressed. We usually use periprocedural antibiotics for 
liver and renal transplant patients. The choice of antibi-
otics is individualized after consultation with the refer-
ring service. Antibiotics are usually given intravenously 
at sedation or anesthesia induction. If a procedure 
involves obtaining material for microbiologic diagnostic 
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institutions, the interventionist can become “sand-
wiched” between feuding clinical services, and if one 
simply accepts orders from a service without becoming 
knowledgeable about the case, some of the other ser-
vices may not be supportive if a complication occurs. 
At times, it is the duty of the radiologist to insist on, 
or convene, a combined-care conference before under-
taking a major procedure. This can be the greatest con-
tribution a radiologist can make to the medical care of 
the child.

Clotting Studies

Clotting studies are indicated for most liver and deep-
organ biopsies, but these are generally not necessary for 
simple diagnostic procedures or drainage procedures, 
unless there is a clear indication, as in liver transplant 
patients. A platelet count is usually obtained in  

purposes, antibiotics are commenced only after the 
initial samples are obtained.

THE TYPICAL PROCEDURE

Prior Consultation and Studies

It is remarkable how many times interventional proce-
dures are performed without complete knowledge of 
prior studies or procedures. The clinician should know 
the difficulties previously encountered or whether a 
contrast reaction occurred at a previous CT scan. 
Picture archiving and communication systems (PACS) 
with integrated radiology reports and other clinical data 
facilitate this effort. The interventionist is responsible 
for having a clear understanding of the clinical reasons 
for the procedure and the expected benefits. In large 
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FIGURE 58-9. Ultrasound-guided deep local anes-
thetic application during liver biopsy. A, The 30-
gauge needle (white arrows) is inserted onto the liver capsule (black 
arrows). B, The needle (white arrows) is administering deep local 
anesthetic (black stars) onto the liver capsule under ultrasound 
control. C, Liver biopsy device is inserted through the residual 
local anesthesia (white stars), which had anesthetized the liver 
capsule, where most of the pain sensation arises.
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Unlike CT, which generates a static image, real-time 
ultrasound allows exploration of the liquidity and there-
fore the drainability of a lesion. Urinomas are notori-
ously echogenic when first examined, but if the operator 
vigorously prods the collection with the ultrasound 
probe, the free-flowing nature of the collection becomes 
apparent. The urinoma can be drained by a simple 
8-French catheter rather than the large-caliber sump 
catheter that might have been considered.

Difficult Catheter Fixation  
in Infants

Catheters are objects of wonder for small children and 
babies and are great chewing material if left in the grasp 
of tiny hands. Often, when a catheter “just falls out by 
itself,” there has been some lapse in care on the part of 
professional staff. Either the catheter was not properly 
secured in the first place, or the nursing staff forgot to 
undo the safety pin when taking the child to the bath-
room. Some methods of fixation include standard 
sutures, sutures secured to the catheter by waterproof 
tape, or various commercial skin fixation devices. If the 
catheter is stitched in place, the stitch must be placed 
deeply in the subcutaneous tissues. In infants the cath-
eter is hidden out of reach, if possible, and secured with 
transparent plastic adhesive film. The joint between the 
catheter shaft and the hub of a drainage catheter is its 
weakest point, so we routinely affix the hub to the skin 
with adhesive tape or film, and train the patient’s nurses 
always to retape this hub when performing routine cath-
eter care.

Postprocedural Care and Follow-Up

Apart from bad communication skills, the quickest way 
to destroy an interventional referral pattern is to ignore 
the patient or the referring physician or surgeon once the 
patient has left the radiology department. The interven-
tionist is responsible for accepting the patient, for con-
firming the procedure is justified and likely of significant 
benefit to the patient, and for both immediate post-
procedural and long-term follow-up. Leaving a pager 
number in the medical notes may result in a few trivial 
calls, but overall it will benefit the patient and increase 
referrals and satisfaction. If a complication occurs, either 
deal with it or consult another service, but do the con-
sultation personally, not through the junior intern mes-
saging service.

Be cautious of blood loss in children after liver or 
other biopsy. A hematocrit before and 2 hours after 
biopsy is a prudent precaution. Blood loss is typically 
slow and self-limiting, but if bleeding persists, often the 
only objective signs are pain and a rising pulse rate. 
Children who are experiencing blood loss notoriously 
maintain blood pressure and brain perfusion until very 
late, then suddenly deteriorate.

oncology patients. Caution should be exercised when 
the platelet count is below 80,000, and it is important 
to remember that platelet function may be affected by 
some nonsteroidal anti-inflammatory agents, by uremia, 
and by other medical conditions. Patients with Wilms’ 
tumor may rarely have an undiagnosed, transient, 
acquired von Willebrand’s syndrome. Be cautious if the 
skin incision continues to bleed vigorously for more 
than 1 minute. It is better to cancel a procedure and do 
a full clotting workup than to continue and cause a 
major hemorrhage.

The kidney should always be regarded as a “sponge of 
blood.” It is wise to approach each patient with confi-
dence, modified by cautious optimism and common 
sense.

Aims and Expectations

Anticipation of problems is good practice, not a sign of 
weakness. No procedure should be undertaken without 
a clear understanding of the aims, the expected benefit, 
and a reasonably detailed plan for completing the task. 
If an abscess is difficult to localize by ultrasound (e.g., in 
the psoas muscle in a large adolescent), transfer to the 
CT suite should be considered. Fluoroscopy after initial 
ultrasound-guided access allows a kinked wire to be 
withdrawn into the dilator and replaced or advanced into 
the abscess. The kinked wire is much more difficult to 
recognize on CT because the procedure is not monitored 
in real time and there is little room for recovery. CT is 
essential in some areas, notably pelvic abscesses requiring 
transgluteal drainage.9

An alternate plan is important, especially in complex 
procedures, such as renal stone removal or ureteric stent 
placement. What happens if the patient moves, or the 
wire is dislodged? A second safety wire tucked up in an 
upper-pole calyx is always good insurance in complex 
renal procedures. Expect the unexpected, and the proce-
dure will usually go as planned.

Initial Ultrasound Scan Should 
Occur before Sedation

Understand the individual patient’s anatomy before 
sedation or general anesthesia. Spending enough time to 
consider the most effective approach and the adjacent 
anatomy is as important as proper needle placement. It 
is less-than-perfect technique to pass a needle through 
the colon when a little time and care would have avoided 
the problem. The radiologist should have a good three-
dimensional understanding of the patient’s regional 
anatomy before commencing a procedure.

Pus

Pus is the liquefied products of inflammation. Liquefied 
is the most important word for the interventionist. 
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transducer in a sweeping manner (Figs. 58-11 and 58-12; 
Video 58-1). The veins are usually so small that moni-
toring the needle position with the transducer in the 
plane of the needle and vein usually results in malposi-
tioning the needle because of the width of the ultrasound 
beam.

In older children with larger veins, scanning in the 
plane of the vein can be useful, and safe passage of the 
guidewire can be observed (Fig. 58-13).

Pleural and Peritoneal Drainage

Ultrasound-guided diagnostic aspiration of pleural fluid 
is a common and useful procedure. Simple catheter 
drainage of parapneumonic complex fluid collection 
or empyema has been described and can result in com-
plete cure if performed early enough, although the pleura 
has a remarkable ability to thicken and produce fibrin. 
These infected collections often loculate and become 
difficult to drain using a simple catheter technique. CT 
scanning does not usually show the loculations, and 
therefore referring clinicians often believe that the para-
pneumonic fluid should be easy to drain. The adminis-
tration of thrombolytics, typically tissue plasminogen 
activator (tPA) through the pleural tube to change the 
physical characteristics of the thick fluid,12,13 is now a 
routine procedure. Any chest tube for empyema drainage 
must be monitored frequently by radiography, ultra-
sound, or occasionally postprocedure CT, to ensure that 
loculation has not recurred (Fig. 58-14).

Peritoneal fluid drainage for diagnostic or therapeu-
tic reasons is usually not difficult and can often be 

SPECIFIC PROCEDURES

Abscess Drainage

When entering an abscess cavity, a pus sample is usually 
obtained for culture, but the cavity should not be aspi-
rated completely before placement of the catheter. Once 
the catheter is in position, simple aspiration with ultra-
sound monitoring for completeness is all that is required. 
Flushing with large volumes of saline or performing a 
contrast study will only result in intravasation of infected 
material through the raw granulation tissue that always 
lines these abscesses. Contrast studies and flushing can 
be done later, once the cavity is healing, although we 
rarely do a postprocedural study for uncomplicated 
abscess drainage. During initial aspiration, blood return 
may be obtained near the end of aspiration. This is prob-
ably blood arising from the granulation tissue and, at 
times, can be alarming in amount. If active aspiration is 
halted, the bleeding usually stops. The catheter should 
be left in place until the aspirate is straw colored and less 
than a few milliliters per day.

Transrectal Drainage

Deep pelvic abscesses can be drained by surgery or by  
a catheter inserted under ultrasound control.10 The 
ultrasound-guided method is particularly appropriate for 
high collections that are beyond the reach of surgeons, 
but at our institutions, ultrasound-guided transrectal 
abscess drainage has substantially replaced the surgical 
procedure (Fig. 58-10). The catheter can be withdrawn 
after complete aspiration of the cavity or left in place and 
secured to the leg with tape.3

PICC Catheters

Peripherally inserted central catheters (PICCs) are a 
useful way of obtaining safe central access for short- to 
medium-term use.11 The catheters range from 2 French 
to 5 French in size, and various commercial units are 
available with insertion sets containing either a peel-away 
cannula similar to an IV catheter or a peel-away Seldinger-
style sheath.

After insertion of the sheath into a peripheral vein 
(arm, leg, or scalp), the catheter is placed through the 
sheath and positioned in the central veins. Visual access 
to the arm veins is often easy in the older individual, but 
the veins of chubby babies can be notoriously difficult 
to identify and cannulate. Ultrasound guidance in these 
patients has become an essential skill for the PICC line 
service, and most PICC line nurses can successfully be 
taught the technique. In infants the technique of ultra-
sound guidance for venous access is different from previ-
ously described parallel techniques. Because of beam 
width issues, it is best to monitor the needle position  
by constantly adjusting the transverse position of the 

FIGURE 58-10. Ultrasound-guided transrectal 
abscess drainage. The needle (arrows) has been inserted 
through the rectum and has punctured the high pelvic abscess (A) 
under ultrasound guidance. The bladder (B) is anterior to the 
abscess.
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FIGURE 58-11. Technique for locating exact position of deep vein before PICC line placement. A, With the 
transducer held transverse to the direction of the target vein, a partly unfolded paper clip, placed between the skin and the transducer 
face, is moved backward and forward (B and C) to locate the vein for accurate application of subcutaneous local anesthetic. The transducer 
is held transverse to the needle path to avoid beam width errors. The thin, paper clip artifact (arrows) localizes the vein (V). Note that 
with a tourniquet in place, especially in a small baby (B-D), color Doppler sonography may show no flow. A tight tourniquet in a baby 
can obstruct even arterial flow, resulting in erroneous placement of an intra-arterial PICC line, a dangerous event if unrecognized. PICC, 
Peripherally inserted central catheter.
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the needle/catheter or by passage of a guidewire to dis-
lodge the obstructing debris (Videos 58-2 and 58-3).

Percutaneous Cholangiography  
and Drainage

Percutaneous transhepatic cholangiography (PTC) can 
be successfully performed in children with or without 
duct dilation. Ultrasound is used to guide the Chiba 
needle toward the bile ducts, which lie in the portal 
tracts. The optimal diagnostic puncture site is at the 
junction of the middle and peripheral thirds of the duct, 
well away from the central portal veins and hepatic 
artery. If the ducts are dilated, the needle can be guided 
directly into the duct with the usual ultrasound tech-
niques. Puncture should be made at a site and at an angle 
that will allow conversion of the track to a catheter drain 
should the diagnostic study reveal bile duct stenosis  
or complete obstruction, especially in liver transplant 
patients. Initial puncture of minimally dilated bile ducts 
in pediatric liver transplant patients is one of the most 
technically demanding ultrasound-guided procedures 
(Fig. 58-15).

Mediastinal Mass Biopsy

Lymphoma is a common childhood malignancy, often 
presenting with a mediastinal mass. In many cases, cervi-
cal, abdominal, or axillary lymphadenopathy is seen at 
presentation enabling histologic diagnosis by surgical 
lymph node biopsy. In some cases, however, the patient 
presents with respiratory difficulty caused by tracheal 
compression, and no convenient enlarged lymph nodes 
are available for biopsy. Many of these patients are 
unable to lie flat without respiratory distress. The medi-
astinal mass can enlarge rapidly, such that a child who 
could lie flat for initial CT scan cannot lie flat a few 
hours later. In these cases, ultrasound-guided mediasti-
nal biopsy is often the safest option. Emergency radio-
therapy and steroid administration can also be used to 
shrink the mass, but these maneuvers can result in inabil-
ity to subtype the cells of the lymphoma, which is 
becoming more important for treatment decisions and 
prognosis.

Pediatric patients with lymphoma are managed in the 
OR in a semi-erect position and need to be supervised 
and sedated by experienced anesthesia staff. We typically 
use copious local anesthesia and only minimal IV seda-
tion, avoiding intubation if possible.

Doppler ultrasound is used to locate and avoid  
the internal mammary artery and vein. The mass is 
usually approached through a paramanubrial intercostal 
space under direct ultrasound guidance using a small-
footprint sector probe. The great vessels and lung must 
be clearly visualized before biopsy. Multiple samples can 
be obtained with remarkably low risk of complication 
(Fig. 58-16).

achieved at the bedside with minimal or no sedation and 
good local anesthetic technique. When accessing the 
fluid through the lower quadrants, care must be taken 
to localize accurately and mark the position of the hypo-
gastric vessels, which can cause substantial and difficult-
to-control bleeding into the peritoneal fluid if injured 
during an otherwise “simple” aspiration procedure. 
Occasionally, debris obstructs the draining catheter and 
needs to be dislodged, either by vigorous movement of 

FIGURE 58-12. Localizing needle tip near vein. 
A, As the needle is advanced toward the vein, the transducer is 
used in transverse orientation and rocked back and forth (A1-A3) 
to track the needle tip sequentially as it is advanced toward the 
vein. In the illustration the needle is only depicted as it is about 
to enter the vein (position 3). B, Trapping and puncturing the 
vein. The needle can easily slip to the side of the vein if it is simply 
advanced, especially when attempting to puncture a deep brachial 
vein. The loose soft tissue surrounding deep veins allows the vein 
to slide out of the way of the needle. When the needle tip is 
positioned correctly, adjacent to the anterior wall of the vein (B1), 
gentle downward movement of the needle, without trying to 
puncture the vein, will “trap” the vein with the needle tip (B2). 
Once the vein is trapped, a quick thrust will puncture both walls. 
Careful withdrawal usually results in venous blood return through 
the needle, allowing successful PICC line placement.
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FIGURE 58-13. Longitudinal imaging of vein puncture for PICC line insertion. A, Access needle tip (straight arrow) 
about to enter the vein (curved arrow). B, Needle tip (with reverberation artifact) has entered vein. C, Guidewire leaving the needle tip 
(arrow) and clearly seen entering the vein.
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FIGURE 58-14. Ultrasound guidance for treatment of loculated chest empyema. A, Semisolid, extrapleural inflam-
matory material with septa (white arrows) is compressing the airless adjacent left lung (black stars). B, Access needle (white arrows) is seen 
entering the empyema. C, Left-sided chest tube is inserted for drainage and instillation of tissue plasminogen activator (tPA), a successful 
combined treatment for chest empyema, formerly treated by thoracotomy. D, Radiograph shows left-sided chest tube position.
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FIGURE 58-15. Access for drainage of obstructed bile ducts in liver transplant patient. A, Initial ultrasound-
guided needle (arrows) placement shows the tip about to enter the slightly dilated left bile duct. B, Initial fluoroscopic image of the needle 
(black arrows) in the duct shows contrast outlining the severe duct stenosis (white arrow). C, The angle of puncture enabled by precise 
ultrasound guidance allowed easy passage of the initial Cope guidewire. The stenosis was later balloon-dilated and stented by the same 
route.
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FIGURE 58-16. Biopsy of large mediastinal mass. A, CT image obtained 1 day previously shows the large mass compressing 
the carina; arrow, route of subsequent ultrasound-guided biopsy. B, Initial color Doppler ultrasound defines the mass and localizes the 
great vessels and the internal mammary vessels. C, Automated biopsy device (arrows) within the mass. Multiple biopsies were obtained to 
provide adequate tissue for advanced cell-typing studies of this B-cell lymphoma.
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Appendiceal Abscess Drainage

Initial ultrasound-guided drainage of an appendix-
associated abscess is a well-documented procedure. 
Occasionally, a secondary abscess occurs after interval 
endoscopic surgery for removal of the appendix, usually 
caused by a retained or unrecognized fecalith. Ultra-
sound guidance can also be used to drain these recurrent 
abscesses. In one case, we were able to target the retained 
fecalith precisely, drain the abscess, then remove the 
fecalith by a second interventional procedure using an 
Amplatz biliary sheath (Cook) and Fogarty balloon 
retrieval of the fecalith through the sheath (Fig. 58-17; 
Video 58-4).

Targeted Organ Lesion Biopsy

Ultrasound-guided specific organ biopsy, such as for 
routine liver or kidney interventions, is a well-established 
procedure. Targeted intraorgan lesion biopsy is more 
demanding. Each case must be assessed on its merits, but 

extra caution should be exercised for lesions close to the 
diaphragm or major intraorgan or extraorgan vasculature 
(Figs. 58-18 and 58-19).

Musculoskeletal Procedures

Although CT or cone-beam CT is the usual guidance 
modality for deep bone procedures, ultrasound can be 
useful for certain periosteal or cartilage-related lesions 
(Fig. 58-20; see also Fig. 58-1; Videos 58-5, 58-6, 
and 58-7).

Steroid injection for local treatment of specific joints 
in diseases such as juvenile rheumatoid arthritis can  
be achieved by blind access in large joints, such as the 
knee. Increasingly, however, rheumatologists are refer-
ring patients for image-guided steroid injection for 
smaller or technically difficult joints, such as the subtalar 
or interphalangeal joints. Ultrasound guidance can be 
used for accurate access to these small joints. Ultrasound-
guided steroid injection of tendon sheaths is a valuable 
procedure (Fig. 58-21; Video 58-8).
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FIGURE 58-17. Drainage of postoperative appendiceal abscess. A, Retained echogenic fecalith (asterisk) in right lower 
quadrant was causing the abscess. B, CT scan shows identical area in A; black arrow, path of subsequent ultrasound-guided access. 
C, Initial ultrasound-guided needle (black arrows) access to the perifecalith abscess (asterisks); white arrows, anterior surface of fecalith. 
D, Fluoroscopy with contrast shows the sheath (arrows) adjacent to the fecalith (asterisk). E, Fluoroscopy images of an interval image-
guided procedure show capture of the fecalith (black arrow) within the access sheath (white arrows) and subsequent fecalith removal through 
the sheath.
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FIGURE 58-18. Targeted left upper-pole renal lesion biopsy. Patient had secondary renal cell carcinoma after prior treat-
ment for cerebral tumor (PNET). A, Lesion high in the upper pole of the left kidney (white arrows). Measurement calipers are estimating 
the depth of the biopsy to avoid puncturing the adjacent diaphragm (white stars) and spleen. B, Biopsy device (black arrows) is seen passing 
through the lesion (white arrows) and stopping short of the diaphragm.
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FIGURE 58-19. Targeted liver lesion biopsy. A, CT 
image shows lesions, subsequently found to be lymphoproliferative 
disorder, in a transplant liver. B, Prebiopsy ultrasound image. 
C, Biopsy device (black arrows) clearly passing through the lesion 
(white arrows).
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FIGURE 58-20. Diagnostic aspiration and cathe-
ter drainage of left costochondral junction 
osteomyelitis/abscess in patient with Gaucher 
disease. A, Coronally reconstructed CT image shows enlarged 
left second costochondral junction; malignancy was an initial 
concern. B, Normal left third rib and costal cartilage. C, Complex 
fluid (white stars), later shown to be abscess, is surrounding the 
second costochondral junction. D, Bone biopsy device (white 
arrows) within the eroded rib. E, Placement of a modified 
14-gauge angiocatheter (white arrows) into the abscess, which 
successfully drained the abscess.
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Some deep foreign bodies can be removed under 
ultrasound guidance (Fig. 58-22). It is important that 
the ultrasound-guided procedure be done before the 
wound is opened and probed in the emergency room or 
OR. Otherwise, air destroys the ability of ultrasound to 
visualize the foreign body, and the case must be canceled 
and rescheduled.

Head and Neck Lesions

Certain vascular and lymphatic malformations are ame-
nable to ultrasound-guided access and treatment, usually 

by sclerosing agents.14 Orbital lymphatic malformations 
are difficult to treat surgically, but respond well to per-
cutaneous ultrasound-guided sclerotherapy (Fig. 58-23).

Ranulas are rare lesions consisting of saliva-containing 
cysts, most often caused by trauma or obstruction of the 
sublingual duct. The sublingual duct secretes saliva con-
tinuously, whereas the submandibular and parotid duct 
only secrete with oral stimuli such as eating, and there-
fore the sublingual gland is more prone to formation of 
ranula. Plunging ranula can be treated successfully by 
ultrasound and fluoroscopically guided sclerotherapy 
(Fig. 58-24).

FIGURE 58-21. Guidance for steroid administra-
tion into inflamed tibialis posterior tendon 
sheath in patient with juvenile rheumatoid 
arthritis. A, Initial needle placement (white arrows) into fluid 
within the tendon sheath. The tendon (white T) is easily seen 
and must not be injected with steroid. The long-acting crystal-
line steroid compound is easily visible (ST) as it leaves the needle 
tip. B, Fluoroscopy with contrast confirms the needle tip (white 
arrows) is within the sheath, but not in the tendon itself (T). 
C, Needle tip (straight arrow) within a knee effusion (curved 
arrow) in a different patient.
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FIGURE 58-22. Ultrasound-assisted removal of wooden foreign body in subcutaneous tissues of foot. 
A, Wood (cursors) is demonstrated in the subcutaneous tissues, surrounded by pus (arrows). B, Hemostat with jaws open (arrows) approach-
ing the foreign body under direct ultrasound monitoring. C, Diagram illustrates procedure and shows jaws closed on the wooden foreign 
body.
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FIGURE 58-23. Successful treatment of left orbital lymphatic malformation (LM) in 13-year-old boy. 
A, Coronal T2-weighted MR image demonstrates the lymphatic malformation with medium-intensity-signal fluid surrounding the left 
optic nerve (arrow). B, Longitudinal sonogram of the left orbit with a 14-gauge angiocatheter needle (straight arrow) about to enter the 
macrocystic LM (curved arrow). C, Transverse sonogram demonstrates the 5-French catheter (arrow) in the left orbital LM after aspiration 
of LM fluid. The anechoic fluid-filled structure is the globe. D, Fluoroscopic spot film demonstrates the 5-French pigtail catheter in place 
for sclerotherapy of the macrocystic element of the orbital LM.
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FIGURE 58-24. Percutaneous treatment of plunging ranula in left side of neck. A, Longitudinal sonography 
demonstrates a 5-French pigtail catheter (arrow) within the hypoechoic ranula fluid. B, Contrast material is filling the ranula sac. 
C, Transverse sonography demonstrates the left sublingual gland (straight arrows) adjacent to the left mandible (curved arrow) before abla-
tion. D, Increased echogenicity in the left sublingual gland (arrows) during ethanol injection for ablation.
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A
A-mode ultrasound, 9-10
A-V canal defects, 1297
Aase syndrome, 1412-1413
Abdomen

acute, 282-296. See also Acute abdomen.
biopsy of, 613-625. See also under 

Biopsy(ies), percutaneous needle, 
ultrasound-guided.

fetal
circumference of

in gestational age determination, 
1459-1460

in second-trimester biometry, 1048f
musculature of, absent, in prune belly 

syndrome, 1375, 1376b
routine sonographic views of, 1052f
wall of, 1338-1346. See also Abdominal 

wall, fetal.
pediatric, systemic veins of, flow patterns in, 

1822
Abdominal aorta

anatomy of, 448, 448f
aneurysm of, 448-456

definition of, 448-449
inflammatory, 447, 456-457
infrarenal, 448-449
medical therapy for, 449
mortality from, 448, 448f
natural history of, 449
pathophysiology of, 449
repair of

endoleaks after, 455-456, 455f
postoperative assessment of, 455-456, 

455f-456f
rupture of, evaluation of, ultrasound 

versus CT for, 454, 454f
screening for, 449-450

computed tomography in, 451-452
false-positive/false-negative results of, 

452, 452f-454f
recent approaches to, 449-450
ultrasound approach to, 450

surveillance of, 450-451
computed tomography in, 451-452
sonographic technique for, 451, 

451f-453f
treatment planning for, 454-455

branches of. See also Iliac vein(s) ; Inferior 
vena cava (IVC) ; Mesenteric 
artery(ies) ; Renal artery(ies).

diseases of, 459-481
dilation of

aneurysm causing, 448-456. See also 
Abdominal aorta, aneurysm of.

aortic ectasia causing, 457
arteriomegaly causing, 457
penetrating ulcer causing, 457
pseudoaneurysm causing, 457

dissection of, isolated, aortic stenosis from, 
459

stenotic disease of, 458-459, 460f
suprarenal, aneurysms of, 449, 449f

Abdominal artery, dissection of, renal artery 
stenosis and, 461-462, 464f

Abdominal cervical cerclage, 1539, 1539f
Abdominal ectopia cordis, 1319
Abdominal muscle deficiency syndrome, 

pediatric hydronephrosis and, 
1856-1858

Abdominal wall
anterior, hernias of. See also Hernia(s), 

anterior abdominal wall.
dynamic ultrasound of, 486-523

defects in, thickened nuchal translucency in, 
1128

fetal, 1338-1346
defects in, 1340

amniotic band syndrome as, 1345-
1346, 1346f

bladder exstrophy as, 1346, 1347f
ectopia cordis as, 1344-1345, 1345f
gastroschisis as, 1341-1343, 1342f
limb–body wall complex as, 1345-1346
omphalocele as, 1343-1344, 

1343f-1345f
omphalocele-exstrophy-imperforate 

anus-spinal defects as, 1346,  
1348f

embryology of, 1338-1340
Abortion, spontaneous, in early pregnancy. See 

Embryo, demise of.
Abscess(es)

abdominal, drainage of, ultrasound-guided, 
628

adrenal, bacterial, 433
appendiceal, pediatric, 1926f, 1974-1975, 

1974f
drainage of, 1983, 2003f
hemorrhagic ovarian cyst differentiated 

from, 1932
branchial sinus, type IV, 1708f
breast, 818-819, 819f-820f
complicated lymphadenitis with, in children, 

1721, 1725f
complicating ultrasound-guided biopsy, 625, 

625f
costochondral junction, pediatric, aspiration 

and drainage of, 2027f
in Crohn’s disease, 278, 280f
drainage of, ultrasound-guided. See 

Drainage, ultrasound-guided, of 
abscesses.

epidural, pediatric, 1754-1763
gastrointestinal, 596-597
hepatic

after liver transplantation, 660-661,  
662f

amebic, drainage of, ultrasound-guided, 
629

hydatid, drainage of, ultrasound-guided, 
629

pediatric, 1821f
pyogenic, 89-90, 91f

drainage of, ultrasound-guided, 
628-629, 630f

lung, pediatric, 1778, 1779f
musculoskeletal, echo movement in, 

1996-1997

I-1

pancreatic
complicating acute pancreatitis, 235

treatment of, 236
drainage of, ultrasound-guided, 631-632

parotid, pediatric, 1694, 1695f
pelvic, 596

drainage of, ultrasound-guided, 628
transrectal, 628
transvaginal, 628, 629f

perianal, perianal inflammatory disease and, 
310

perinephric
acute pyelonephritis and, 332
after renal transplantation, 683-685

peritoneal, 535, 540f
prostate, 402, 403f, 404-405
psoas, pediatric, appendicitis differentiated 

from, 1974-1975
renal

acute pyelonephritis and, 332, 332f
complicating renal transplantation, 670, 

673f
drainage of, ultrasound-guided, 633, 634f

splenic, 156, 158f
drainage of, ultrasound-guided, 632-633
pediatric, 1840

stitch, after herniorrhaphy, 512-513, 514f
testicular, 854, 855f
tubo-ovarian, in pelvic inflammatory disease, 

593-594, 1941-1942
Acalculous cholecystitis, 206-207
Acardius acephalus, 1158
Acardius amorphous, 1158
Acetabular dysplasia, familial, 1983
Acetabulum

description of, in evaluation of infant at risk, 
1991-1993

development of, in dynamic hip assessment, 
1984

Acetylcholinesterase (AChE), in neural tube 
defect screening, 1256

Achilles tendon
normal, 904f
normal sonographic appearance of, 916-918, 

917f
peritendinitis of, 923f
ruptures of, 919f

Achillodynia, peritendinous injections of foot 
and ankle for, 939

Achondrogenesis, 1395f, 1402
calvarial compressibility in, 1396
diagnosis of, 1389
type 1, 1402
type 2, 1402, 1402f

Achondroplasia
heterozygous, 1408-1409, 1409f

detection of, gestational age for, 1394
inheritance pattern for, 1393

homozygous, thanatophoric dysplasia 
differentiated from, 1399

“trident hand” configuration in, 1420, 1420f
Acid-base status, fetal, in modified biophysical 

profile, 1494
Acidosis, renal tubular, nephrocalcinosis with, 

1870f
Page numbers followed by f indicate figures; t, tables; b, 
boxes.

Abscess(es) (Continued)
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Acoustic, sound propagation and, 3-4
Acoustic attenuation, in uterine fibroids, 

557-558, 557f
Acoustic cavitation

contrast agents and, 43-44, 44b
definition of, 35
effects of, 40-46
evidence of, from lithotripters, 42-43, 43f
inertial, 40
in intestine, 43
in lung, 43
mechanical index for, 44-45, 45f
potential sources for, 40-42
sonochemistry and, 42, 42f

Acoustic enhancement, pleural fluid producing, 
1776-1778

Acoustic impedance, 4-5
Acoustic power, 7
Acoustic shadowing

in breast lesion detection, 792
decreased/absent, in skeletal dysplasias, 1395
solid breast nodules with, 798-800

Acoustic standoff, in breast tumor imaging, 
774-775

Acoustics, 2-7
frequency and, 2-3
wavelength and, 2-3

Acquired cystic kidney disease, 373, 374f
renal cell carcinoma and, 348

Acquired immunodeficiency syndrome (AIDS)
acute typhlitis in, 290-291
genitourinary infections in, 340, 340f-341f
GI tract infections and, 300
Pneumocystis carinii infection of liver and, 

94, 96f
Acrania, 1210-1212
Acromelia, 1394, 1394b, 1394f
Acromioclavicular joints, 886-887

injection of, 939, 939f
Acromioplasty, 897, 897f
Acute abdomen, 282-296

evaluation of, 282-285, 284b, 285f
left lower quadrant pain in, 293-296

from acute diverticulitis, 293-296. See also 
Diverticulitis, acute.

right lower quadrant pain in, 285-293
from acute appendicitis, 285-290
from acute typhlitis, 261, 290-291
from Crohn’s appendicitis, 290, 291f
from mesenteric adenitis, 291
from right-sided diverticulitis, 290, 292f
from right-sided segmental omental 

infarction, 291-293, 293f
from terminal ileitis, 291

Acute cortical necrosis (ACN), 380-381, 383f
Acute tubular necrosis (ATN), 380

complicating renal transplantation, 668, 670f
Adenitis, mesenteric, 291

pediatric, 1913-1915, 1915f
appendicitis differentiated from, 1975, 

1975f
Adenocarcinoma(s)

colorectal, 266, 268f-269f
gastrointestinal, 266-269, 268f-269f
genitourinary, 360
pancreatic ductal, 243-244. See also Pancreas, 

neoplasms of, carcinoma as.
prostate, 407-408
urachal, 364-365

Adenolymphomas, pediatric, parotid gland, 
1698-1699

Adenoma(s)
adrenal, 433-435, 434b

in Conn’s disease, 434
in Cushing’s syndrome, 434
histologic differentiation of, 454

imaging considerations for, 434-435, 435f
management of, 434

fetal, hepatic, 1331
gallbladder, 210-211, 212f
in glycogen storage disease type I, 1810f
hepatic, 119-124, 122f-124f

inborn errors of metabolism and, 1809
pediatric, 1814

parathyroid
carcinoma differentiated from, 756
carotid sheath, 759-760, 761f
echogenicity of, 753, 754f
examination errors for, causes of, 762b
false-negative examination for, 762b, 

763-764
false-positive examination for, 762-763, 

762b
imaging of, accuracy in, 764-767

with combined modalities, 764, 765f
with computed tomography, 764
with magnetic resonance imaging, 764
with scintigraphy, 764
with ultrasound, 764-765, 765f-766f

internal architecture of, 753, 754f
intrathyroid, 759, 760f
localization of, 756-760

ectopic locations for, 758-760
sonographic examination in, 756, 

757f-758f
typical locations for, 756, 757f-758f

mediastinal, 758-759, 759f
in multiple gland disease, 753-754, 756f
pediatric, 1712-1713, 1714f
percutaneous biopsy of, 767, 767f
retrotracheal/retroesophageal, 758, 758f
shape of, 753, 753f
size of, 753, 755f
sonographic appearance of, 753-756
surgical removal of, 765, 766f

intraoperative sonography in, 767
vascularity of, 753, 755f

pleomorphic, salivary gland, pediatric, 1698, 
1700f

primary hyperparathyroidism caused by, 
752, 752b

thyroid, 715-716, 717f
follicular, pediatric, 1709-1710, 1710f

Adenoma malignum, cervical, 570, 572f
Adenomatoid malformation, cystic, congenital

fetal, 1277-1279, 1279f
pediatric, 1790

Adenomatoid tumor(s)
paratesticular, pediatric, 1961
scrotal, 861-863, 863f

Adenomyomas, gallbladder, 210-211, 211f
Adenomyomatosis, gallbladder, 208-209, 

209f-210f
Adenomyosis, 559-560, 560f
Adenopathy, mesenteric, in acute abdomen, 

284-285
Adenovirus infection, fetal, hydrops from, 

1444-1447
Adhesions, endometrial, 566f, 568
Adnexa, pediatric, torsion of, 1930-1932
Adnexal cysts, in pregnancy, 1045
Adnexal mass, pediatric

in ectopic pregnancy, 1939-1940, 1940f
in pelvic inflammatory disease, 1941-1942

Adrenal artery, Doppler waveform analysis of, 
in intrauterine growth restriction, 
1482, 1482f

Adrenal cortex
cancer of, 439, 439f-440f
development of, 429, 430f
functions of, 431

Adrenal gland(s), 429-446
anatomy of, 429-431, 430f
biopsy of

percutaneous needle, ultrasound-guided, 
622-623, 623f

ultrasound-guided, 444, 444f
calcification of, 433f

causes of, 433b
cortex of. See Adrenal cortex.
cysts of, 441-442, 442b, 442f-443f
drainage of, ultrasound-guided, 444
embryology of, 429
fetal

congenital hyperplasia of, genitalia in, 
1381-1382

masses in, 1368, 1368f
normal, 1368, 1368f

hemorrhage in, 442-443, 444f
after liver transplantation, 659, 661f

infectious diseases of, 432-433
intraoperative ultrasound of, 444
left, 430-431, 430f-431f

multiplanar scanning of, 433
medulla of. See Adrenal medulla.
metabolic disorders of, 443-444
neoplasms of

benign, 433-438
adenomas as, 433-435, 434b, 435f
multiple endocrine neoplasia as, 437
myelolipomas as, 435-437, 436f, 437b
pheochromocytoma as, 437, 438f
rare, 437-438

malignant, 439-441
adrenocortical cancer as, 439, 

439f-440f
Kaposi’s sarcoma as, 440, 441f
lymphoma as, 439-440, 441f
metastatic, 440-441

pediatric
anatomy of, normal, 1885, 1886f
congenital hyperplasia of, 1885, 1887f

adrenal rests in, 1957-1958
feminizing tumors of, pseudoprecocious 

puberty and, 1943
hemorrhage into, neonatal, 1886-1888, 

1888f
measurements of, in neonates, 1885, 

1886t
in renal agenesis, 1885, 1886f
sonography of, 1885-1888

pseudomasses of, 433b
right, 430, 430f-431f

multiplanar scanning of, 432, 432f-433f
sonography of, 432, 433f

Adrenal medulla
development of, 429, 430f
functions of, 431

Adrenal rests
extratesticular, 863
testicular, 854-855, 857f

pediatric, 1957-1958
Adrenocortical carcinoma, in inferior vena cava, 

478-480
AFI. See Amniotic fluid index (AFI).
Age

gestational. See Gestational age.
maternal

chromosome abnormalities risk and, 1119, 
1120f, 1121t

multifetal pregnancy incidence and, 1146
rotator cuff changes related to, 888-891, 

890f
rotator cuff fiber failure and, 878-879

Agent Detection Imaging (ADI), 66
Agnathia, 1188, 1189f
Agyria, in lissencephaly, 1226

Adenoma(s) (Continued)
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Aicardi syndrome
choroid plexus papillomas in, 1238
corpus callosum agenesis and, 1577-1578

AIDS cholangitis, 186
Air bronchograms, sonographic, 1769, 1775f

in atelectatic lung, 1780, 1783f
in consolidated lung, 1776-1780, 

1780f-1781f
in round pneumonia, 1780, 1782f

Air bubbles, encapsulated, as contrast agents, 
54-55

Alagille syndrome, pediatric, 1806
Albunex, 54
Aldosterone, secretion of, 431
Aliasing

in pediatric abdominal vessel imaging, 1820
in pulsed Doppler ultrasound, 974, 974f

in Doppler imaging, 27-28, 30, 31f
in renal artery duplex Doppler sonography, 

463
Alkaline-encrusted pyelitis, 332
Allantois, 1353, 1354f
Allergy, milk, gastric mucosa thickening in, 

1896
Alloimmune arteritis, after pancreas 

transplantation, 694
Alloimmune thrombocytopenia, intracranial 

hemorrhage and, 1236
Alloimmunization

red cell. See Red cell alloimmunization.
Rh. See Rh alloimmunization.

Alpha angle, in hip joint classification, 1986
Alpha-fetoprotein, maternal serum

elevated, causes of, 1256, 1256b
in screening for anomalies in twins, 1151
spina bifida screening and, 1250, 1255-

1256, 1258f
Alveolar rhabdomyosarcoma, 1727
Ambient cistern, fetal, normal sonographic 

appearance of, 1199
Amebiasis, hepatic, 79f, 92-93

abscess drainage in, ultrasound-guided, 
625-633

in children, 1818-1819
Amelia, definition of, 1411
Amenorrhea, primary, causes of, 1942
American Institute of Ultrasound in Medicine 

(AIUM)
on bioeffects

in body areas with gas bodies, 45-46,  
46b

of diagnostic ultrasound with gas body 
contrast agents, 43, 44b

thermal, 40, 41b
on keepsake fetal imaging, 50b
safety statements of, general, 47-48, 47b
thermal index and, 38-39

Amniocentesis, 1543-1545
complications of, 1543-1544
diagnostic

for fetal lung maturity, 1544
for genetic testing, 1544

chorionic villus sampling compared 
with, 1544t

technique for, 1545
indications for, 1543-1544
in multifetal pregnancy, 1152

technique for, 1545
in neural tube defect screening, 1256
technique for, 1545

equipment for, 1544-1545, 1544f
technique of, 1544-1545
therapeutic

in hydrops, 1449-1450
technique for, 1545

Amnioinfusion, 1543

Amnion
in embryonic demise, 1091-1092, 1095f
normal sonographic appearance of, 1084, 

1086f
rupture of, limb–body wall complex from, 

1345
separation of chorion from, 1502

Amnion inclusion cyst, 1087
Amnionicity, in multifetal pregnancy, 1146, 

1146t, 1147f
determining, 1082-1084
sonographic determination of, 1147-1148

Amnioreduction, serial, for twin-twin 
transfusion syndrome, 1155-1156, 
1545

Amniotic adhesions, 1214
Amniotic band sequence, 1084, 1212f, 1214

amputations caused by, 1412, 1414f
anencephaly differentiated from, 1212

Amniotic band syndrome, 1345-1346, 1346f
facial clefts in, 1184

Amniotic bands
constrictive, 1214
mimicking circumvallate placenta, 

1513-1514
Amniotic cavity, formation of, 1075, 1076f
Amniotic fluid

assessment of, 1357b
in biophysical profile, 1494

leak of, after amniocentesis, 1543
volume of, 1356-1357

assessment of, in placental function 
evaluation, 1494-1495

Amniotic fluid index (AFI), 1356-1357
in biophysical profile, 1494
method for obtaining, 1357
values for, in normal pregnancy, 1357t

Amniotic membrane, thickness of, chorionicity 
and, 1147-1148, 1149f-1150f

Amniotic sac, abnormalities of, predicting 
abnormal outcome, 1099

Amplitude
evaluation of, power Doppler in, 969
phase modulation imaging and, 64

Ampulla, 548, 571-572
Amputations, from amniotic band sequence, 

1412, 1414f
Amyloidosis

renal failure in, 381-382
tendons in, 927

Anabolic steroid therapy, hepatic adenomas 
and, 1814

Anal canal, endosonography of, 307-313, 
310f-313f, 312b

Anaphylactic reaction, to hydatid abscess 
contents, 629

Anaplastic carcinoma, of thyroid, 723-724, 
724b, 727f

Anasarca, fetal, in hydrops, 1427-1429,  
1430f

Anderson-Carr-Randall theory of stone 
progression, 347-348

Androgens, secretion of, 431
Anemia, fetal

hydrops from, 1444
liver enlargement in, 1329
prediction of, middle cerebral artery peak 

systolic velocity in, 1489-1491
Anencephaly, 1112, 1113f, 1210-1212, 1212f, 

1247
congenital diaphragmatic hernia and, 1287
detection of, early, 1042-1043, 1044f
iniencephaly and, 1217
temperature increase in utero and, 1063
thickened nuchal translucency and, 1129f
in twin, 1153f

Anesthetics
local, for pediatric interventional 

sonography, 1998f, 2015
for musculoskeletal interventions, 937-938

Aneuploidy
definition of, 1119
echogenic fetal bowel in, 1337
gastroschisis and, 1341
hand and foot anomalies in, 1416, 1418f
identification of, fluorescent in situ 

hybridization in, 1448
pyelectasis as marker for, 1370
risk of, nuchal translucency in assessing for, 

1042-1043, 1043f
screening for, first-trimester, 1119-1129

combined, 1122-1123
contingent, 1123
cystic hygroma in, 1125, 1126f
flattened facies in, 1127
integrated, 1123, 1124t
nasal bone in, 1125-1127, 1126b,  

1127f
nuchal translucency in, 1120-1122

measurement technique for, 
standardization of, 1123-1125, 
1125b

quad screen in, 1123, 1124t
reversed flow in ductus venosus in, 1127, 

1128f
sequential, 1123, 1124t
serum biochemical markers in, 1122
tricuspid regurgitation in, 1127

skeletal findings associated with, 1420-1421
Aneurysm(s)

aortic, abdominal, 448-456. See also 
Abdominal aorta, aneurysm of.

carotid flow disturbances in, 962
common carotid artery, 983-984
hepatic artery, 109

after liver transplantation, 1838-1839
in interposition grafts for dialysis, 1014
of peripheral arteries, 1001

lower extremity, 1004-1005, 1005f-1006f
popliteal artery, 1005f
portal vein, 108

after liver transplantation, 1838-1839, 
1839f-1840f

renal artery, 379, 380f, 466-467, 468f
umbilical artery, 1516
vein of Galen, 1234, 1235f

cavum veli interpositi cysts differentiated 
from, 1202-1206

in neonatal/infant, Doppler studies of 
brain and, 1649, 1650f

supratentorial cysts differentiated from, 
1224

Angio-Seal device, 1018-1019, 1019f
Angiogenesis, in wall of yolk sac, 1082
Angiography

in carotid stenosis diagnosis, 948-949
computed tomography, in peripheral artery 

evaluation, 998-999
magnetic resonance, in peripheral artery 

evaluation, 998-999
Angiomas, littoral cell, splenic, 163, 164f
Angiomyolipoma, renal, 360-362, 361f-362f

pediatric, 1875
Angiomyolipomas, hepatic, 124, 125f
Angiosarcoma

hepatic, 129
splenic lesions in, 160, 162f

Angle theta, 957, 958f
consistent, in carotid spectral analysis, 959, 

959f
Doppler, 958f-960f, 959
increasing, to overcome aliasing, 974
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Anisospondyly, in dyssegmental dysplasia, 
1411, 1411f

Anisotropic effect, in pyloric muscle imaging, 
1895-1896, 1896b, 1897f

Anisotropy, tendon, 907, 911f, 935-936
rotator cuff scanning and, 879

Ankle
injection of, 938

superficial peritendinous and periarticular, 
939-941, 940f-941f

tendons of, normal sonographic appearance 
of, 916-918, 917f

Annular pancreas, fetal, 1334
Anomalous pulmonary venous return, 1305, 

1306f, 1314-1315
total vs. partial, 1314

Anophthalmia, 1173, 1177f
Anorchia, from cryptorchidism, 873
Anorchidism, 1945-1946
Anorectal atresias, fetal, 1336
Anorectal malformations, fetal, 1336

ureteropelvic junction obstruction and, 1372
Anorectal stenosis, in Currarino triad, 1754
Antibiotics, for pediatric interventional 

sonography, 2015-2016
Anticoagulants, physiologic, deficiency of, dural 

sinus thrombosis from, fetal, 
1235-1236

Antley-Bixler syndrome, craniosynostosis in, 
1169

Antral foveolar hyperplasia, prostaglandin-
induced, gastric mucosa thickening 
in, 1896

Antral web, pediatric, 1896
Anus

ectopic, 1905-1906
imperforate, 1905-1906, 1906f

caudal regression with, 1752
sonography in evaluation of, 1972-1973, 

1972f
spinal dysraphism with, 1750-1751
vertebral body anomalies and, 

1755f-1756f
Aorta

abdominal. See Abdominal aorta.
coarctation of, 1315-1316, 1316f

fetal, hydrops from, 1436
hypoplastic left heart syndrome with, 

1311
descending, Doppler waveform analysis of, 

in intrauterine growth restriction, 
1481, 1481f

fetal, continuity of, 1301f
small, in Turner syndrome, 1119, 

1139-1140
Aortic arch

cervical, 1728
fetal, 1298-1300, 1303f
interrupted, in Turner syndrome, 1119

Aortic balloon pump, carotid flow waveforms 
and, 970, 972f

Aortic root, fetal, diameter of, 1300f
Aortic stenosis, 1316

carotid flow waveforms and, 970
fetal, hydrops from, 1436

Aortic valve
fetal, Doppler waveform analysis of, in 

intrauterine growth restriction, 
1486

lesions of, carotid flow waveforms and, 970, 
972f

Apert syndrome
craniosynostosis in, 1169
midface hypoplasia in, 1178-1179

Apnea, sleep, in children, transcranial Doppler 
in evaluation of, 1661-1662

Appendiceal hyperemia, significance of, 
1973-1974

Appendicitis
acute, 285-290

clinical misdiagnosis of, 290
differential diagnosis of, 286
pathophysiology of, 286
sonographic diagnosis of, 286, 286b
symptoms of, 286

Crohn’s, 290, 291f
focally inflamed fat in, 541
pediatric, 1912-1915

acute, sonography in, 1973, 1973f
on color flow Doppler ultrasound, 1974b
perforated, 1912, 1913b, 1916f

sonographic findings in, 1973b
sonographic signs of, 1912b

sonographic findings in, 1973b
Appendiolith(s), 1973, 1973f

in diagnosis of acute appendicitis, 286-288
Appendix

inflammation of, 285-290. See also 
Appendicitis.

mucocele of, 303, 304f
pediatric

abscess of, 1926f, 1974-1975, 1974f
drainage of, 2003f, 2024
hemorrhagic ovarian cyst differentiated 

from, 1932
gangrenous, 1912, 1916f
normal, 1912, 1913f

perforation of, 288-290, 289f, 290b
Appendix epididymis, pediatric, 1953

pediatric, torsion of, 1954f
Appendix testis, 841, 842f

pediatric, 1953
Aqueduct of Sylvius

in infant, patency of, evaluating, 1648, 
1649f

stenosis of
obstructive hydrocephalus from, 1595, 

1596f
in rhombencephalosynapsis, 1223
ventriculomegaly and, 1207

Arachnoid cyst(s), 1224, 1224f
cavum veli interpositi cysts differentiated 

from, 1202-1206
corpus callosum agenesis and, 1577-1578
of neonatal/infant brain, 1627-1628,  

1628b
Arachnoid granulations, 1206-1207
Arcuate arteries, 551

calcifications in, 551-552, 552f
Arcuate uterus, 554, 554f-555f
Area cerebrovasculosa, in anencephaly, 

1210-1212
Area membranacea, 1220
Arm, hydropic, in Turner syndrome, 1119
Arrays, transducer, 12-13

curved, 13
linear, 13
phased, 13
two-dimensional, 13, 13f

Arrhenoblastoma, pediatric, 1935
Arrhythmia(s)

carotid flow waveforms and, 970, 972f
Ebstein anomaly with, 1309-1311
embryonic, predicting abnormal outcome, 

1093
fetal, 569-570

bradycardia as, 1321, 1321f
congenital heart block as, 1321-1322
hydrops from, 1437-1438, 1438f
premature atrial and ventricular 

contractions as, 1321
tachycardia as, 1320-1321, 1321f

Arteriomegaly, 457
Arteriovenous (AV) fistulas

after liver transplantation, 1814
after pancreas transplantation, 694, 697f
arteries supplying, spectral broadening in, 

962
dialysis, 1013-1014, 1014f
dural, transcranial Doppler assessing, 1668
in peripheral arteries, 1000-1001, 1002f

with autologous vein grafts, . , 1013, 
1013f

complicating invasive procedures, 
1014-1015, 1016f

congenital, 1000-1001
iatrogenic, 1001, 1002f

renal, 377-378
after biopsy, 621-622, 622f

Arteriovenous malformations (AVMs)
arteries supplying, spectral broadening in, 

962
cerebral, pediatric, intracranial Doppler 

detecting, 1666-1668, 1667f
fetal, 1235

hydrops from, 1444
myometrial, 560-561, 561f
pediatric, of neck, 1720, 1722f
renal, 377-378, 377f

complicating renal transplantation, 
681-683, 684f

artifacts mimicking, 682-683, 685f
Arteriovenous shunting, in fetal sacrococcygeal 

teratoma, 1269
Arteritis

alloimmune, after pancreas transplantation, 
694

of common carotid artery, 979-981, 982f
sclerosing, in chronic renal transplant 

rejection, 1885
Takayasu, aortic stenosis in, 459

Artery(ies). See also specific artery, e.g. Carotid 
artery(ies), Renal artery(ies).

great, transposition of, 1313-1314, 
1313f-1314f

peripheral, 998-1022. See also Peripheral 
arteries.

Arthritis
psoriatic, of hand and wrist, injections for, 

941-942
rheumatoid

of hand and wrist, injections for, 941-942
synovial involvement in, 924

septic, pediatric, 1997, 1998f
Arthrocentesis, ultrasound-guided, for joint 

effusions, 1996
Arthrogryposis multiplex congenita, 1413-

1415, 1417f
findings in, 1396

Arthrosonography, in rotator cuff scanning, 
879

Artifact(s), 17
anisotropy, 907, 911f
causing loss of information, 20
comet-tail

in degenerative cysts of thyroid, 1710, 
1711f

in differentiation of benign and malignant 
thyroid nodules, 730-731

in Doppler imaging, major sources of, 29b
empty stomach, 1896, 1898f
enhancement as, 20, 21f
flash, 57
misregistration, 4f
multipath, 20, 20f
propagation velocity, 2, 4f
refraction, 6-7, 6f
renal duplication, 320-321
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reverberation, 17, 19f
posterior, liver abscess and, 90, 91f

ringdown, 271
shadowing as, 20, 21f
side lobe, 17, 19f
tangential imaging, of pyloric muscle, 

1891-1892, 1893f
thump, 57
twinkling

mimicking arteriovenous malformations 
after renal transplantation, 
682-683, 685f

with renal calculi, 344, 345f
Ascariasis, biliary, 185-186
Ascites, 525-528, 527f-528f

chylous, 527
fetal

drainage of, ultrasound-guided, 1550, 
1552f

in hydrops, 1424-1426, 1425f-1427f
drainage of, 1448, 1449f

massive
in meconium peritonitis, 1431,  

1432f
in parvovirus infection, 1431

urinary, from bladder rupture in posterior 
urethral valves, 1374-1375,  
1375f

fluid in pouch of Douglas in, 572
from GI tract metastases, 271, 272f
pediatric, pleural fluid differentiated from, 

1776
small bowel mesentery assessment with, 

524-525, 525f
Asherman’s syndrome, 566f, 568
Aspergillosis, neonatal chylothorax from, 1771f
Asphyxia

intrauterine, near-total, acute, in diffuse 
cerebral edema, 1614-1615, 1616f

pediatric, transcranial Doppler in, 1668, 
1669f

perinatal, Doppler studies of brain and, 
1645, 1646f

Asphyxiating thoracic dysplasia, 1409-1410
Asphyxiating thoracic dystrophy, 1407

polydactyly in, 1396
Aspiration, for pyogenic liver abscesses, 1818
Asplenia, 168

in cardiosplenic syndrome, 1316-1317, 
1317b

univentricular heart with, 1311-1312
Assisted reproductive technology, multifetal 

pregnancy incidence and, 1145
Astrocytomas, brain, neonatal/infant, 

1625-1626, 1626f-1627f
Asymmetrical septal hypertrophy, subvalvular 

aortic stenosis and, 1316
Asymptomatic Carotid Atherosclerosis Study, 

948
Atelectasis, pediatric, 1780, 1783f
Atelosteogenesis, 1407
Atheromatous carotid plaques, characterization 

of, 952-954, 953b, 953f-955f. See 
also Plaques, carotid, 
atheromatous.

Atherosclerosis, 447
Atherosclerotic disease, renal artery stenosis 

and, 461, 462f
Atrial fibrillation, fetal, 1320

hydrops from, 1437
Atrial flutter, fetal, 1320

hydrops from, 1437
Atrial septal defect, 1305-1306
Atrioventricular (A-V) canal, in trisomy 21, 

1130f

Atrioventricular septal defect(s), 1305-1308, 
1306f, 1310f

balanced vs. unbalanced, 1308
complete vs. incomplete, 1307, 1309f
in trisomy 21, 1133

Atrioventricular valves, of fetal heart, 
1297-1298

Atrium
of lateral ventricles, neonatal/infant, in 

coronal imaging, 1562
left, in fetal circulation, 1472
right, in fetal circulation, 1472

Atrophy, cerebral, hemodynamic changes in, 
1662, 1665f-1666f

Attenuation, of sound energy, 7, 7f
Attenuation coefficient, 36
Auditory response ‘, in obstetric sonography, 

1064
Auricular hillocks, 1166-1167
Autoimmune cholangiopathy, 188-190
Autoimmune disorders

adrenal glands in, 433
chronic pediatric sialadenitis from, 1696, 

1697f
Autoimmune pancreatitis, 242, 243f
Autologous vein grafts, for peripheral arteries, 

1011-1013. See also Peripheral 
arteries, autologous vein grafts  
for.

Autopsy, in hydrops diagnosis, 1448
Autosomal dominant polycystic kidney disease, 

pancreatic cysts in, 249
Autosomal dominant polycystic kidney disease, 

371, 372f
Autosomal recessive polycystic kidney disease, 

371, 371f
AVMs. See Arteriovenous malformations 

(AVMs).
Avulsion, pediatric, 1999-2000

of nerve roots, 2000-2001, 2001f
Axial resolution, 16-17, 18f
Axillary artery, 1008-1009
Axillary vein, 1034, 1035f
Azimuth resolution, 17, 18f

B
B-mode ultrasound, real-time, gray-scale, 

10-11, 11f
Backscatter, 4-5

nonlinear, 58-65
Backscattering, 20, 22f
Bacteria

liver diseases from, 94f
pediatric infections from

cervical lymphadenopathy in, 1720-1721
cystitis as, 1968f
salivary gland, 1694, 1694f
thyroid, 1706-1708, 1708f

pyogenic, liver abscesses from, 89-90
pediatric, 1818, 1821f

Bacterial epididymitis, 863f, 864
Baker’s cysts, 928, 931f

injection for, 943, 944f
pediatric, 1999

Ballottement, for breast imaging, 785
Banana sign, in Chiari II malformation, 1215f, 

1216, 1743
in spina bifida screening, 1250, 1257

Band, of frequencies, 8
Bandwidth, 8
Bare-area sign, of pleural fluid, 1776, 1776f
Barlow test

with adduction, in dynamic examination
in coronal/flexion view, 1988
in transverse/flexion view, 1988-1989

in determining hip stability, 1984

Basal cell nevus syndrome, fibromas and, 
591-592

Basal ganglia, fetal, normal sonographic 
appearance of, 1199

Basal ganglia vasculopathy, neonatal/infant 
brain and, 1617

Basilar artery, 986
Basilic vein, 1034, 1035f
Bat wing configuration, in Chiari II 

malformation, 1576-1577, 1577f, 
1581f

Battledore placenta, 1518
“Beads on a string” sign, in pelvic 

inflammatory disease, 593
Beam steering, 11, 12f
Beam width, 35
Beare-Stevenson syndrome, craniosynostosis in, 

1169
Beckwith-Wiedemann syndrome

congenital diaphragmatic hernia in, 1287
hepatoblastoma and, 1817
hyperechogenic kidneys in, 1365-1366
macroglossia in, 1184, 1187f
mesenchymal dysplasia of placenta in, 1512, 

1512f
omphalocele in, 1344, 1345f

Behavioral issues, obstetric sonography and, 
1067

Bell-and-clapper deformity, 1949-1950
Benign prostatic hyperplasia (BPH), 393-396, 

395f, 397f, 400-402, 401f
Bent-limb dysplasia, 1404. See also 

Campomelic dysplasia.
Beta angle, in hip joint classification, 1986
Beta human chorionic gonadotropin. See 

Human chorionic gonadotropin 
(β-hCG).

Bezoar, 1897, 1900f
Biceps brachii muscle, tendon of, 907, 912f
Biceps tendon, injection of, 943, 943f
Bicipital groove, 879-882, 881f
Bicornuate uterus, 554, 554f, 1936-1937, 

1936f-1937f
sonographic diagnosis of, 555-556, 555f

Bifid scrotum, fetal, 1380-1381
Bile

calcium, milk of, 201, 201f
flow of, stasis of, stone formation and, 1811
leakage of, after liver transplantation, 

643-645, 645f
limey, 201, 201f

Bile duct(s)
aberrant, 173-174, 174f
common. See Common bile duct (CBD).
dilation of, in Caroli’s disease, 1806, 1807f
interlobular, paucity of, jaundice from, 1806
ischemia of, from post-liver transplant 

hepatic artery thrombosis, 644f
necrosis of, post-liver transplantation, bile 

leaks from, 645
normal, 172-174, 173f
sludge in. See Biliary sludge.
spontaneous rupture of, jaundice from, 1806
strictures in, after liver transplantation, 

642-643, 643f
Biliary atresia, jaundice and, 1806-1807, 1808f
Biliary cirrhosis, 97-98
Biliary cystadenomas, 86, 87f
Biliary hamartomas, 87, 87f-88f
Biliary rhabdomyosarcoma, in pediatric liver, 

1818, 1819f
Biliary sludge, 201, 202f

acute pancreatitis from, 227
complicating liver transplantation, 645-647, 

647f
Biliary system, fetal, 1331-1333, 1333f-1334f

Artifact(s) (Continued)
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Biliary tree, 172-197
after liver transplantation

complications involving, 642-647
normal appearance of, 641

anatomy of, 172-175
ascariasis and, 185-186
autoimmune cholangiopathy and, 188-190
branching pattern of, 173, 173f-174f
Caroli’s disease of, 176, 178f
cholangiocarcinoma and, 190-197
cholangitis and. See Cholangitis.
choledochal cysts of, 175-176, 176f-177f
choledocholithiasis in, 178, 179f

common bile duct stones and, 179f, 181
intrahepatic, 179, 179f

clonorchiasis and, 185, 187f
dilation of, in acute cholangitis, 184
fascioliasis and, 184, 185f-186f
fetal, cystic lesions of, 1333, 1334f
hemobilia and, 181-182, 182f
HIV cholangiopathy and, 186-188, 189f
infection of, 183-188. See also Cholangitis.
liver flukes and, 184-185, 185f-186f
metastases to, 197, 198f
Mirizzi syndrome and, 181, 181f
obstruction of

in acute cholangitis, 183
causes of, 177b
overview of, 176, 178f

opisthorchiasis and, 185
pneumobilia and, 183, 183f
sonography of, 175, 175f
strictures in, after liver transplantation, 

642-643, 643f
trauma to, hemobilia from, 181-182
variants of, normal, 172-175

Bilobed placenta, 1515, 1515f
Bilomas, after liver transplantation, 659, 660f
Bioeffects, 34-52

acoustic cavitation as, 40-46. See also 
Acoustic cavitation.

animal research on, 1064-1065
epidemiology of, 48
of high-intensity focused ultrasound, 32-33
mechanical, 32-33
of obstetric sonography, 1061-1071

human studies on, 1065-1067
instrument outputs and, 1061-1062

dwell time and, 1062
scanning mode and, 1062
system setup and, 1062, 1062f-1063f

mechanical, 1064
thermal, 1063-1064

operating modes and, 31-32
output control and, 48-49, 49b
output display standard and, 46-47, 46f
output regulation and, 34-35
physical effects of sound and, 35
thermal, 35-40

estimating, 40
factors controlling, 35-37
spatial focusing and, 35
summary statement on, 40, 41b
temporal considerations affecting, 35-36
tissue type and, 36-37

ultrasound output and, regulation of, 34-35
user concerns and, 32

Biometry, second-trimester, 1046, 1048f
Biophysical profile (BPP) scoring, 1493-1495

amniotic fluid evaluation in, 1494
behavior patterns and, 1494
components of, 1493b
in growth-restricted fetuses, 1495
interpretation of, 1494, 1494b
modified, 1494-1495
testing for, recommendations for, 1494

Biopsy(ies)
chest wall lesion, ultrasound-guided, 1795
fine-needle aspiration, of thyroid, 726-728, 

728t
liver, percutaneous, 138-140

post-transplant, bile leaks from, 645
mediastinal mass, pediatric, 2002f, 2020
percutaneous needle

computed tomography-guided, 614
ultrasound-guided

of abdomen and pelvis, 613-625
of adrenal gland, 444, 444f, 622-623, 

623f
of breast nodules, 835, 836f-837f
of cervical lymph nodes, 733-735, 

735f-736f
complications of, 623-625
contraindications to, 613-614
imaging methods for, 614
indications for, 613-614
of kidney, 621-622, 621f-622f
of liver, 618, 619f
of lung, 623, 624f
needle selection for, 614-615
of pancreas, 618-620, 620f
of parathyroid adenoma, 767, 767f
procedure for, 615-616, 616f-617f
of spleen, 168, 623, 624f

prostate
PSA-directed, 408
ultrasound-guided, 418-422, 420f. See also 

Transrectal ultrasound (TRUS), 
prostate biopsy guided by.

in renal cell carcinoma staging, 352-353, 
354f

Biparietal diameter (BPD)
corrected, in gestational age determination, 

1458, 1460f
femur length versus, in heterozygous 

achondroplasia, 1408, 1409f
in gestational age determination, 1088, 

1457, 1457f-1458f
long-bone lengths and, at different menstrual 

ages, 1391t
and nasal bones in trisomy 21, 1131- 

1132
in second-trimester biometry, 1048f

Birth, preterm, 1527-1542. See also Preterm 
birth (PTB).

Birth weight, obstetric sonography and,  
1066

Birth weight discordance, in multifetal 
pregnancy, 1153

Bladder
adenocarcinoma of, 360
agenesis of, 328

caudal regression with, 1752
anatomy of, 321
calculi in, 346, 348f
carcinoma of

squamous cell, 360
transitional cell, 359-360, 359f

cavernous hemangiomas of, 366
development of, 318-319, 319f

congenital anomalies related to, 328-329
diverticula of, 383f, 384

identification of, 597
drainage to, in pancreas transplantation, 

640f, 687, 693f
duplication of, 329
endometriosis of, 382-383, 383f
exstrophy of, 329, 1346, 1347f
fetal, 1355-1356, 1356f

exstrophy of, 1379-1380, 1380f
maximum volume of, 1355-1356
nonvisualization of, etiology of, 1379b

routine sonographic views of, 1052f
rupture of, from posterior urethral valves, 

1374-1375, 1375f
fistulas of, 342, 343f
function of, in spina bifida, 1263
inflammation of, 340-341. See also Cystitis.
leiomyoma of, 366
leiomyosarcomas of, 366
lymphoma of, 362, 364f
malacoplakia of, 341, 342f
metastases to, 364, 365f
neoplasms of

mesenchymal, 366
rare, 366

neurofibromas of, 366
neurogenic, 383-384, 384f
pediatric

anatomy of, normal, 1854
augmentation of, 1970-1971, 1971f
calculi in, 1967-1969
diverticula of, 1966, 1967f
dysfunctional, 1964-1966
exstrophy of, pediatric hydronephrosis 

and, 1859
neurogenic, 1964-1966

pediatric hydronephrosis and, 1856
outlet of, obstruction of, pediatric 

hydronephrosis and, 1856, 1858f
postoperative, 1970-1971
postvoid scanning of, 1926
rupture of, spontaneous, 1970
trauma to, 1970
tumors of, 1875, 1876f

pediatric hydronephrosis and, 1856
ureteral reimplantation into, 1970
volume of

versus age, 1851t
determination of, 1848, 1850f
shape and correction coefficient for, 

1848f
wall of, thickness of, determination of, 

1848-1849, 1850f
pheochromocytomas of, 366
rhabdomyosarcomas of, 366
schistosomiasis of, 338-339, 339f
sonographic technique for, 322
trauma to, 376
urachal anomalies of, 329, 330f
wall of, thickening of

causes of, 341b
in interstitial cystitis, 383, 383f

Bladder exstrophy–epispadias complex, 1346
Bladder outlet obstruction, pediatric

causes of, 1962b
epididymitis and, 1953

Blake’s pouch
cysts of, 1202, 1205f, 1222

arachnoid cysts differentiated from, 1224
Dandy-Walker malformation 

differentiated from, 1221
formation of, 1198

Blastocyst stage, 1075, 1075f
Blastoma, pulmonary, pediatric, 1791
Bleeding

complicating amniocentesis, 1544
in placenta previa, 1502

Block vertebrae, 1752
in scoliosis and kyphosis, 1265

Blood
autologous, intratendinous injection of, 

945-946, 946f
fetal

sampling of
in hydrops diagnosis, 1448
in immune hydrops, 1433

Bladder (Continued)
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swallowed, echogenic bowel from, 
1337-1338

incompatible, immune hydrops from, 1432
Blood flow

in carotid arteries
internal, residual string of, detection of, 

975, 975f
patterns of

altered, misinterpretation of, 961,  
961f

high-velocity, in stenoses, 962-964, 
963f-966f, 967t

pseudostring of, on power Doppler, 970
residual string of, in occlusion, detection 

of, 969
reversal of, normal transient, at origin of 

ECA, 968-969
cerebral. See Cerebral blood flow.

neonatal/infant, velocity of, determination 
of, 1641, 1643f

fetal, pulsatile versus continuous, 1474, 
1475f

reversed, in ductus venosus, in aneuploidy 
screening, 1127, 1128f

venous
absence of, in deep venous thrombosis, 

1029
augmentation of, in color flow Doppler, 

1028
sluggish, in deep venous thrombosis,  

1027
Blood pool contrast agents

bubble behavior and, 57-58
in disruption-replenishment imaging, 67, 

68f-71f
encapsulated air bubbles as, 54-55
free gas bubbles as, 54
harmonic imaging with, 58-65

B-mode, 60
Doppler, 60-61
tissue, 61-62

intermittent harmonic power Doppler 
imaging with, 66, 67f

intermittent imaging with, 65-67
low-solubility gas bubbles as, 55, 55f
mechanical index and, 58
need for, 56-58, 59f
nonlinear backscatter and, 58-65
pulse inversion Doppler imaging with, 64
pulse inversion imaging with, 62-63, 

63f-64f, 67f
selective uptake, 56
transient disruption of, 65-67, 66f
triggered imaging with, 66

Blood vessels
adrenal, 430f, 431
cerebral

extracranial, 948-997
carotid artery as, 949. See also Carotid 

artery(ies).
internal jugular veins as, 991-992. See 

also Jugular veins, internal.
vertebral artery as, 985-991. See also 

Vertebral artery.
malformations of, transcranial Doppler in 

detection of, 1666-1668
chest, 1781-1784, 1783f-1784f
disruption of, limb–body wall complex from, 

1345
of fetal brain, malformations of, 1234-1235
hepatic, abnormalities in, 100-110
patency of, after liver transplantation, 

assessment of, 641-642
pediatric, inflammatory disease of, 1728, 

1729f

renal
aberrant, 327-328
Doppler sonography of, 376-377

stenosis of. See also specific vessel, e.g. Carotid 
artery(ies).

Doppler imaging of, 25
high-grade, waveforms in, 974

Blue-dot sign, 1953
Body habitus, multifetal pregnancy incidence 

and, 1146
Body stalk anomaly, 1345
Bone(s)

fetal
appearance of, abnormal, sonographic 

evaluation for, 1395
long

bowing of, 1392f, 1395
length of

abnormal, sonographic evaluation 
for, 1393-1397

biparietal diameters and, at different 
menstrual ages, 1391t

sonographic assessment of, 1398b
fractures of. See Fracture(s).
heating of, 37, 37f, 37t
surface irregularity of, in rotator cuff tears, 

896
wormian, 1171, 1172f

Bony septum, in spinal cord in 
diastematomyelia, 1264-1265, 
1266f

Boomerang dysplasia, 1407
Bosniak classification, malignant potential of 

renal cysts and, 368-369
Bossing, frontal, in skeletal dysplasias, 1396
Bowel

acoustic cavitation in, 43
echogenic, in trisomy 21, 1132, 1133f
fetal

echogenic, 1335f, 1336-1338, 1337b, 
1337f

in aneuploidy, 1337
in cystic fibrosis, 1337
fetal demise and, 1338
in fetal viral infection, 1337f,  

1338
in gastrointestinal atresias, 1335f,  

1338
intrauterine growth restriction and, 

1338
in swallowed fetal blood, 1337-1338

obstruction of, cloacal malformation and, 
1377

function of, in spina bifida, 1263
ischemic disease of, 301-303
neoplasms of, 596-597
obstruction of, mechanical, 296-299. See also 

Mechanical bowel obstruction 
(MBO).

pediatric
anatomy of, 2001-2003
necrosis of, with perforation, n necrotizing 

enterocolitis, 1907-1912
BPD. See Biparietal diameter (BPD).
Brachial artery, 1008-1009, 1009f
Brachial plexus injury, pediatric, 2000-2001
Brachial veins, 1034, 1035f
Brachiocephalic arteries, 1008-1009
Brachiocephalic vein, 1034, 1035f
Brachmann-de Lange syndrome, congenital 

diaphragmatic hernia in, 1287
Brachycephaly, 1168-1169, 1170f
Brachydactyly, fetal, 1420, 1420f
Brachytherapy, for prostate cancer, 412

ultrasound-guided, 422-423, 424f

Bradycardia
carotid flow waveforms and, 970
embryonic, predicting abnormal outcome, 

1093, 1095f
fetal, 1321, 1321f

hydrops from, 1436
Brain

congenital malformations of, 1574-1576, 
1575b

absence of septi pellucidi as, 1232
acrania as, 1210-1212
amniotic band sequence as, 1212f, 1214
anencephaly as, 1210-1212, 1212f. See 

also Anencephaly.
arachnoid cysts as, 1224
from cellular migration disorders, 

1586-1587
cephalocele as, 1212-1214
in cerebellum, 1220-1224
Chiari, 1576-1577. See also Chiari 

malformation(s).
from cleavage disorders, 1583-1586
corpus callosum agenesis/dysgenesis as, 

1230-1232, 1232b, 1233f, 
1577-1578. See also Corpus 
callosum, agenesis/dysgenesis of.

of cortical development, 1224-1230, 
1225b

cranial changes in spina bifida as, 
1214-1217

cystic encephalomalacia as, 1591, 1594f
Dandy-Walker malformation as, 1221, 

1221b, 1221f, 1580-1583. See also 
Dandy-Walker malformation.

from destructive lesions, 1587-1592
from diverticulation disorders, 1583- 

1586
from dorsal induction errors, 1210-1217
dural sinus thrombosis as, 1235-1236, 

1236f
encephalocele as, 1212-1214, 1213f. See 

also Encephalocele(s).
exencephaly as, 1210-1212
hemimegalencephaly as, 1226
hemorrhagic lesions as, 1236, 1237f
holoprosencephaly as, 1217-1220, 1217b, 

1583-1586. See also 
Holoprosencephaly.

hydranencephaly as, 1236-1238, 1238f, 
1589-1591, 1593f

infections as, 1234, 1235f
intracranial calcifications as, 1225f, 1229f, 

1232-1234, 1234f
limb-body wall complex as, 1214
lissencephaly as, 1226-1227, 1227f-1228f, 

1587
macrocephaly as, 1226, 1226f
mega-cisterna magna as, 1223-1224, 

1223f
megalencephaly as, 1226
in metabolic disorders, 1592
microcephaly as, 1224-1226, 1225f
from neural tube closure disorders, 

1576-1583
porencephalic cyst as, 1587-1589
in posterior fossa, 1220-1224
rhombencephalosynapsis as, 1222-1223
schizencephaly as, 1227, 1230f, 

1586-1587, 1592f
septo-optic dysplasia as, 1232
from sulcation disorders, 1586-1587
tumors as, 1238-1239, 1239f-1240f
vascular malformations as, 1234-1235, 

1235f
from ventral induction errors, 1217-1220
vermis hypoplasia/dysplasia as, 1222

Blood (Continued) Blood vessels (Continued)
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damage to, in twin embolization syndrome, 
1156, 1157f

development of, destructive lesions in, 1576
fetal, 1197-1244

abnormalities of, 1208-1239. See also 
Brain, congenital malformations 
of.

Blake’s pouch cyst of, 1202, 1205f
cavum veli interpositi of, 1202-1206
choroid plexus cysts of, 1202, 1205f
development of, stages of, 1575b
embryology of, 1197-1198
hydrocephalus and, 1206-1208, 1207f
magnetic resonance imaging of, 1197
sonographic anatomy of, 1198-1202, 

1199f-1201f
cerebellar view of, 1199, 1200f
median (midsagittal) view of, 1199, 

1200f
thalamic view of, 1199, 1200f
ventricular view of, 1199, 1200f

split, 1227, 1230f
variants in (usually normal), 1202-1206
ventriculomegaly and, 1206-1208, 1207b, 

1207f, 1210f-1211f. See also 
Ventriculomegaly.

neonatal/infant
abnormalities of, 1574-1576. See also 

Brain, congenital malformations 
of.

astrocytomas of, 1625-1626, 1626f-1627f
choroid plexus papillomas as, 1625-1626, 

1628f
cystic intracranial lesions of, 1626-1628, 

1627t
cysts of

arachnoid, 1627-1628, 1628b
choroid plexus, 1628, 1629f
frontal horn, 1629
periventricular, 1629-1630, 1630f
porencephalic, 1628
subependymal, 1629, 1630f

death of, Doppler studies of brain and, 
1646, 1647f

developmental anatomy of, 1569-1574
Doppler sonography of, 1637-1653. See 

also Doppler ultrasound, of 
neonatal/infant brain.

ependymomas of, 1625-1626
galenic venous malformations of, 1630, 

1631f
hydrocephalus and, 1592-1596. See also 

Hydrocephalus.
hypoxic-ischemic injury to, 1596-1618. 

See also Hypoxic-ischemic events, 
neonatal/infant brain and.

imaging of, 1558-1636
coronal, technique for, 1560-1562, 

1561f, 1563f
equipment for, 1559
mastoid fontanelle, 1566-1567, 1567f
posterior fontanelle, 1564-1566, 

1565f-1566f
sagittal, 1562-1564, 1562b, 

1564f-1565f
sonographic technique for, 1559-1567
standardized reports of, 1568-1569, 

1569b
three-dimensional ultrasound in, 1568, 

1569f
infections and, 1618-1623

acquired, 1622-1623
congenital, 1618-1622
cytomegalovirus, 1619-1622, 

1621f-1622f

herpes simplex virus, 1622
meningitis as, 1622-1623, 1623f-1624f
rubella, 1622
toxoplasmosis, 1619-1622
ventriculitis as, 1623, 1625f

intracranial masses and, 1626-1628
neurosonography of, pitfalls in, 1560
periventricular leukomalacia and, 

1629-1630
posttraumatic injury to, 1618
premature

coronal imaging of, 1562, 1563f
hypoxic-ischemic events and, 

1596-1597
normal sonographic appearance of, 

1571f
periventricular leukomalacia and, 

1611-1612
ultrasound screening in, optimal, 1598b

sulcus of, development of, 1569-1570, 
1570f-1571f

teratomas of, 1625-1626
tumors of, 1572f, 1623-1626, 

1626f-1628f
primitive neuroectodermal, 1625-1626
rhabdoid, 1625-1626
supratentorial, 1625-1626

pediatric, Doppler sonography of, 
1654-1689. See also Transcranial 
Doppler (TCD) sonography, 
pediatric.

Brain death
in neonates/infants, Doppler studies of brain 

and, 1646, 1647f
pediatric

absence of, transcranial Doppler in 
establishing, 1674-1675, 1675f

transcranial Doppler in establishing, 
1668-1675, 1668b, 1671f-1674f

Brainstem, neonatal/infant, diffuse cerebral 
edema and, 1616f

Branchial arches, 1166
anomalies of, 1713-1715, 1715f-1716f, 

1715t
Branchial cysts

type 1, pediatric, 1701
type 2, pediatric, 1701

Breast(s), 773-839
anatomy of, 775-783, 777f-778f
carcinoma of

circumscribed, 791-792, 791f
heterogeneity of, 791-792, 791f
intracystic, 806-808, 806f-808f

Doppler sonography of, 832-833, 834f
spiculated, 791-792, 791f

cysts of
acorn, 814f, 815-817, 816f
aspiration of, ultrasound-guided, 835, 836f
benign (BIRADS 2), 808-815
clustered macrocysts as, 813-815
complex, 804-817
complicated, 804-817
eggshell calcifications in, 813, 815f
fibrocystic change and, 804-805
foam, 815-817, 816f
infected, 808, 810f
inflamed, 808, 810f
intracystic papillary lesions as, 805-808, 

806f-809f
Doppler sonography of, 832-833, 834f

lipid, 813, 814f
simple, 791, 804, 805f
of skin origin, 815, 816f

echogenicities of, 778, 779f
implants of, evaluation of, 819-824

interventions for, ultrasound-guided, 
833-835

lymphatic drainage of, 781-783, 783f
mammographic densities of, assessment of, 

787-789
location or position correlation in, 788
shape correlation in, 788, 789f-790f
size correlation in, 787-788, 788f
sonographic-mammographic confirmation 

in, 789
surrounding tissue density correlation in, 

788-789, 790f
nipple discharge and, 817-818
physiology of, 775-783
solid nodules of, 791-792

with acoustic shadowing, 798-800, 
799f-800f

with angular margins, 793-794, 796f
with benign findings, 801-804
biopsy of, ultrasound-guided, 835, 

836f-837f
with calcifications, 800, 801f
characterization of, 804t

into BIRADS categories, 805t
with duct extension and branch pattern, 

796-798, 798f-799f
with hyperechoic tissue, 801-803, 803f
with hypoechogenicity, 800-801, 802f
with microlobulations, 794-795, 797f
with multiple findings, 801
with spiculation or thick echogenic halo, 

793, 794f-796f
with taller-than-wide shape, 795-796, 

798f
with thin echogenic capsule, 803-804
with wider-than-tall shape, 803, 804f

ultrasound examination of
applications of, 773-774
Doppler sonography in, 829-833, 

831f-832f, 834f-835f
equipment for, 774-775, 775f-777f
for implant evaluation, 819-824
indications for, 785-789

mammographic densities as, 787-789
palpable lumps as, 785-787, 786f

for infection, 818-819, 819f-820f
niche applications for, 817-833
for nipple discharge, 817-818
normal tissue and variations in, 789
for regional lymph node assessment, 

824-828, 824f-828f
for sonographic-magnetic resonance 

correlation, 828-829, 829f-830f
split-screen imaging in, 775, 777f
suspicious findings on, 792-801, 

792t-793t
techniques for, 783-785

for annotation, 783-784
BIRADS risk categories and, 784-785
for documentation of lesions, 784
special, 785

Breast Imaging Reporting and Data System 
(BIRADS) risk categories, 784-785

characterization of solid nodules into, 805t
Breast-ovarian cancer syndrome, 584
Breathing, fetal, umbilical artery waveforms 

and, 1476-1477, 1477f
Brenner tumor, 588, 588f
Brescia-Cimino AV fistula for dialysis, 

1013-1014, 1014f
Breus mole, 1506-1508
Broad ligaments, 547-548
Bronchogenic cysts

fetal, 1282-1283, 1283f
pediatric, 1713, 1791

Brain (Continued) Brain (Continued) Breast(s) (Continued)
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Bronchopulmonary foregut malformations, 
pediatric, 1791, 1793f

Bronchopulmonary sequestration, 1279-1281, 
1280f

extralobar, 1280
fetal, hydrops from, 1440
intralobar, 1280

Bruit, from carotid stenosis, color Doppler, 
968, 968f

Brunn’s epithelial nests, in chronic cystitis,  
341

Bubbles. See also Microbubbles.
acoustic cavitation, generating, 42, 42f
behavior of, incident pressure and, 57-58
ultrasound-tissue interactions with, 71-72

Budd-Chiari syndrome, 104-108, 105f-108f
in children, suprahepatic portal hypertension 

and, 1834-1835, 1834f
Bursa

iliopsoas, injection of, ultrasound-guided, 
944f

intrapatellar, normal, 910f
Bursitis, 924-925, 926f

bursal injections for, 943, 944f
Bursography, 928

ultrasound-guided, 928
Burst length, in output control, 49
Butterfly vertebrae, in scoliosis and kyphosis, 

1265
Bypass grafts, for peripheral arteries

autologous vein. See also Peripheral arteries, 
autologous vein grafts for.

autologous vein, 1011-1013
synthetic vascular, 1010, 1010f

C
CA 125 in ovarian cancer, 584
Calcaneus, ossification of, 1390
Calcar avis, neonatal/infant, development of, 

1573f, 1574
Calcarine fissure, neonatal/infant, development 

of, 1569-1570
Calcific tendinitis, injections for, 943-945, 

945f
Calcification(s). See also Microcalcifications.

adrenal, 433f
causes of, 433b

in arcuate arteries, 551-552, 552f
in chronic pancreatitis-associated masses, 

241, 242f
eggshell

in breast cysts, 813, 815f
in thyroid nodules, 780f, 795f

of epithelial-lined thyroid cysts, 712,  
715f

focal, from meconium periorchitis, 1961, 
1961f

of gallbladder, 208, 208f
hepatic, fetal, 1329-1331, 1332f
intracranial, fetal, 1225f, 1229f, 1232-1234, 

1234f
in myometrium, 552
ovarian, focal, 573
prostatic, 398f, 400
psammomatous, in peritoneal nodule, 529, 

532f
renal. See also Nephrocalcinosis.

causes of, 1865-1869. , 1869b
of renal cysts, 367-368, 368f
of renal parenchyma, 346-348, 349f
rotator cuff, 898-900, 899f
scrotal, 856-858, 857b, 857f, 859f
of seminal vesicles, 405
solid breast nodules with, 800, 801f
splenic, 157, 160f

pediatric, 1840

in thyroid nodules
diagnostic significance of, 731-732
in papillary carcinoma, 718, 719f

in uterine fibroids, 557f, 558
of vas deferens, 405
yolk sac, predicting abnormal outcome, 

1096, 1097f
Calcimimetics, for secondary 

hyperparathyroidism, 752
Calcitonin, secretion of, in medullary 

carcinoma of thyroid, 720-721
Calcium

deposition of, in kidney, in children, 
1865-1869, 1870f

milk of. See Milk of calcium entries.
Calcium bile, milk of, 201, 201f
Calcium hydroxyapatite, in calcific tendinitis, 

943-945
Calculus(i)

bladder, 346, 348f
pediatric, 1967-1969

caliceal, 342-343
common bile duct, 179f, 181

acute pancreatitis and, 227
complicating liver transplantation, 647, 

648f
intrahepatic duct, 179, 179f
renal, 342-344, 345f

entities mimicking, 344, 344b, 346f
scrotal, extratesticular, 858, 859f
staghorn

in children, 1869, 1871f
in xanthogranulomatous pyelonephritis, 

336, 336f
ureteral, 344-346, 346f-347f

complicating renal transplantation, 680, 
681f-682f

pediatric, bladder outlet obstruction from, 
1965f

urethral, pediatric, bladder outlet obstruction 
from, 1963-1964, 1964f

Caliceal calculi, 342-343
Caliceal diverticula, milk of calcium deposition 

in, 1869, 1871f
Callosomarginal sulcus, neonatal/infant, 

1569-1570
Calvarium, fetal, compressibility of

in osteogenesis imperfecta type II, 1404, 1405f
in skeletal dysplasias, 1396

Calyces, dilation of, in hydronephrosis, 
1369-1370

Campomelic dysplasia, 1404-1407, 1407f
bowing of long bones in, 1395
pulmonary hypoplasia and, 1396f
ribs in, 1396
sonographic appearance of, 1392f
thanatophoric dysplasia differentiated from, 

1399
Camptodactyly, fetal, 1416-1419
Canal of Nuck

cyst or hydrocele of, simulating groin hernia, 
518, 519f

delayed closure of, indirect inguinal hernia 
from, 490-492

Canalization, in spine embryology, 1733, 1734f
Candida albicans

genitourinary tract infections from, 338, 
338f

hepatic infection from, 91-92, 92b, 92f
neonatal urinary tract infection from, 

1864-1865, 1868f
Candidiasis

hepatosplenic, splenic abscesses in, 157-158, 
161f

neonatal, 1864-1865, 1868f

Caput medusae, 1824
Carcinoid tumor, renal, 365-366
Carcinoma(s)

cervical, 570, 571f
colon, 266, 268f-269f
endometrial, 564-568, 567f

polycystic ovarian disease and, 1932
esophageal, staging of, endosonography in, 

305
gallbladder, 212-213, 213f
gastric, endosonographic identification of, 

305
hepatocellular. See Hepatocellular carcinoma 

(HCC).
pancreatic, pediatric, 1920
prostate, transrectal sonography of, 307, 

307f
rectal, staging of, endosonography in, 

305-307, 306f
renal cell, 348-354. See also Renal cell 

carcinoma (RCC).
transitional cell, 354-360. See also 

Transitional cell carcinoma 
(TCC).

vaginal, pediatric, 1938-1939
Carcinomatosis, peritoneal, 529-532, 530f-534f
Cardiac output

fetal, measurement of, Doppler waveform 
analysis in, 1486-1487

reduced, carotid flow waveforms and, 970, 
971f

Cardiocentesis, fetal, 1547
Cardiomyopathy(ies)

carotid flow waveforms and, 970, 972f
fetal, 1318-1319, 1319f

dilated, 1319f
hydrops from, 1438
hypertrophic, 1319f

Cardiopulmonary bypass
partial, in neonates/infants, Doppler studies 

of brain and, 1644-1645, 1645f
pediatric, transcranial Doppler in, 1675

Cardiosplenic syndrome, 1316-1317
Cardiovascular disease, 447
Caroli’s disease, 176, 178f

pediatric, 1805-1806, 1807f
Carotid artery(ies)

anatomy of, 949
atherosclerotic disease of

diagnostic criteria for, 967t
plaque characterization in, 952-954, 953b, 

953f-955f. See also Plaques, 
carotid, atheromatous.

common, 949, 949f
aneurysm of, 983-984
ectatic, 983-984, 984f
helical flow in, 969
occlusion of, abnormal internal carotid 

artery waveform and, 948, 976
stenosis of, grading of, 964
Takayasu’s arteritis of, 979-981, 982f
waveform of, 957-958, 958f

disease of, preoperative strategies for, 977
dissection of, 981-983, 983b, 983f
endarterectomized, sonographic features of, 

977, 979f
external, 949, 949f

branching vessels of, 950, 951f
mistaking for internal carotid artery, 976, 

977f
stenosis of, grading of, 964
waveform of, 957-958, 958f

flow pattern in
altered, misinterpretation of, 961, 961f
high-velocity, in stenoses, 962-964, 

963f-966f, 967t

Calcification(s) (Continued)
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reversal of, normal transient, at origin of 
ECA, 968-969

internal, 949, 949f
occlusion of, 974-976

ECA collaterals to intracranial 
circulation in, 975-976, 976f

near and total, 948
pitfall in diagnosis of, 976
sonographic findings in, 976b
string sign distinguished from, 974-975

stenosis of
grading of, 962-964, 964f
stroke from, 948

waveform of, 957-958, 958f
kinked, carotid flow waveforms and, 970
nonatherosclerotic diseases of, 949, 979-984

arteritis as, 979-981, 982f
carotid body tumors as, 983-984, 984f
from cervical trauma, 981-982
common carotid artery aneurysm as, 948
extravascular masses as, 984
fibromuscular dysplasia as, 979-981, 981f
posttraumatic pseudoaneurysms as, 984, 

985f
obstructive lesions in, contralateral vessel 

velocities and, 970-972
postoperative ultrasound of, 977-979
pseudoulceration of, 954
revascularization of, ultrasound after, 

977-978
stenosis of

evaluation of
color Doppler in, 964-969, 969b
Doppler spectral analysis in, 957-964
gray-scale, 954-957, 957f
power Doppler in, 969-974, 970b

grading of, 980t
high-velocity blood flow patterns in, 

962-964, 963f
recurrent, grading of, 978-979, 980t
spectral broadening in, 960, 960f

stenting of
restenosis in, grading of, 978-979, 980t
ultrasound after, 977-978, 980f

tandem lesions in, 970-972
tortuous

carotid flow waveforms and, 970, 973f
spectral broadening in, 962

ultrasound examination of, 949-951, 
950f-951f

indications for, 949b
ultrasound interpretation and, 951-979

with color Doppler ultrasound, 964-969
advantages and pitfalls of, 969, 969b, 

969f
optimal settings in, for low-flow vessel 

evaluation, 967-969, 968b, 968f
with Doppler spectral analysis, 957-964

high-velocity blood flow patterns in, 
962-964, 963f-966f, 967t

pitfalls in interpretation of, 960-962
spectral broadening in, 960, 960f
standard examination with, 958-959, 

959f-960f
with power Doppler ultrasound, 969-974
visual inspection of gray-scale images in, 

951-957
for intima-media thickening, 951-952, 

952f
for plaque characterization, 952-954, 

953b, 953f-955f
for plaque ulceration, 954, 954b, 956f
for stenosis evaluation, 954-957, 957f
for vessel wall thickness, 951-952

walls of, dissections in, flow disturbances in, 
962

Carotid bifurcation, 950, 950f
pathologic lymph node near, 991

Carotid body, tumors of, 983-984, 984f
Carotid bulb, 950
Carotid endarterectomy (CEA)

for carotid stenosis, 948
pediatric, transcranial Doppler in, 1675

Carpal tunnel, tendons of, 907-908
Carpenter syndrome, craniosynostosis in, 1169
Cartilage, sonographic characteristics of, 

1984-1985
Cartilage-interface sign, of rotator cuff tear, 

893
Cat-scratch disease, pediatric, lymphadenopathy 

in, 1721, 1725f
Cat-scratch fever, pediatric, 1998-1999, 1999f
Cataracts

congenital, 1178, 1178b
temperature increase in utero and, 1063

Catheter(s)
central, peripherally inserted, pediatric, 

insertion of, 1999f-2000f, 2018
drainage

placement of, 627, 627f
removal of, 628
selection of, 626, 626f, 1996

Catheterization
central venous

internal jugular vein thrombosis 
complicating, 991

upper extremity deep venous thrombosis 
from, 1034-1035

of peripheral arteries, pseudoaneurysms 
complicating, 1015-1018

Caudal cell mass, differentiation of, in spine 
embryology, 1733

Caudal neuropore, in spine embryology, 1245
Caudal regression

fetal, 1267, 1268f
pediatric, 1737f, 1752

Caudal regression defects, 1247
Caudal regression sequence, sacral agenesis in, 

1267
Caudal regression syndrome(s), 1412

skeletal dysplasias and, 1395
Caudate nuclei, neonatal/infant, hyperechoic, 

1617-1618, 1618f
Caudothalamic groove, neonatal/infant

in intraparenchymal hemorrhage, 1602-1603
in sagittal imaging, 1562-1564, 1565f

Cavernoma, portal, in portal vein thrombosis, 
1827-1830, 1833f

Cavernous hemangiomas
of bladder, 366
of liver, 116-118, 117f-118f

biopsy of, 618, 619f
Cavitation

acoustic, 40-46. See also Acoustic cavitation.
inertial, from ultrasound-tissue interactions 

with bubbles, 71-72
Cavum septi pellucidi, 1197-1198

fetal
normal sonographic appearance of, 1199
routine sonographic view of, 1049f

neonatal/infant, development of, 1570-1571, 
1571f-1572f

Cavum veli interpositi
fetal, 1202-1206, 1206f
neonatal/infant, development of, 1571, 

1571f
supratentorial cysts differentiated from, 1224

Cavum vergae, 1197-1198
dilated, cavum veli interpositi cysts 

differentiated from, 1202-1206
neonatal/infant

in coronal imaging, 1562
development of, 1570-1571, 1571f-1572f

Cebocephaly
in alobar holoprosencephaly, 1584-1585, 

1591f
hypotelorism and, 1172

Celiac artery (CA)
anatomy of, 467
duplex Doppler sonography of, 470-471, 

472f-473f
in median arcuate ligament syndrome, 470
occluded, 474, 475f
stenosis of, after liver transplantation, 652, 

653f
Celiac disease, gastrointestinal tract in, 304-305
Celiac trunk, Doppler waveform analysis of, in 

intrauterine growth restriction, 
1481-1482, 1481f

Cell aggregation, in obstetric sonography,  
1064

Cell membrane alteration, from obstetric 
sonography, 1064

Cellular migration
disorders of, brain malformations from, 

1586-1587
in organogenesis, 1575-1576

Cellulitis
complicated lymphadenitis with, in children, 

1721, 1724f
pediatric, 1996-1997, 1998f

Center-stream sampling, true, in carotid 
occlusion diagnosis, 975

Central echo complex, in pediatric kidney, 
1851-1852

in renal duplication, 1854, 1854f
Central nervous system (CNS). See also Brain; 

Spinal cord; Spine.
anomalies of, in multifetal pregnancy, 1150, 

1153f
Central venous catheter, upper extremity deep 

venous thrombosis from, 
1034-1035

Central venous catheterization, internal jugular 
vein thrombosis complicating,  
991

Centrum semiovale, neonatal/infant, 
1560-1562, 1561f

Centrum(a), of vertebral body, 1247
in lateral longitudinal scan plane, 1252f
in lateral transaxial scan plane, 1251f
ossification of, 1247, 1249f
in posterior longitudinal scan plane, 1253f

Cephalic vein, 1034, 1035f
Cephalocele, 1172, 1212-1214
Cephalocentesis, ultrasound-guided, 1550
Cephalopagus twins, 1161f
Cerclage, cervical, for cervical incompetence, 

1538-1539
Cerebellar hemispheres, fetal, normal 

sonographic appearance of, 1199
Cerebellar hemorrhage, neonatal/infant brain 

and, 1607-1608, 1610f
Cerebellar infarction, neonatal/infant brain 

and, 1616
Cerebellar vermis, development of, 1197-1198
Cerebellum

embryology of, 1198
fetal, routine sonographic view of, 1049f
neonatal/infant, in coronal imaging, 1562

Cerebral artery
anterior

of infant, resistive index in, 1641-1642
fontanelle compression in 

hydrocephalus and, 1647-1648, 
1648f

as landmark for transtemporal approach, 
1654-1655, 1656f, 1678f

internal, as landmark for transtemporal 
approach, 1654-1655, 1656f

Carotid artery(ies) (Continued)
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middle
abnormal velocities in, in pediatric sickle 

cell disease, 1683f-1684f
Doppler studies of, in fetal 

alloimmunization detection, 1433
as landmark for transtemporal approach, 

1654-1655, 1656f, 1678f
stenosis of, in pediatric sickle cell disease, 

1678f, 1682f
Cerebral blood flow, neonatal/infant

arterial, velocities in, range of, 1643t
velocity of, determination of, 1641, 1643f
venous, normal patterns of, 1642-1643, 

1643f
Cerebral blood vessels, extracranial, 948-997

carotid artery as, 949. See also Carotid 
artery(ies).

internal jugular veins as, 991-992. See also 
Jugular veins, internal.

vertebral artery as, 985-991. See also 
Vertebral artery.

Cerebral cortex, development of, 1198
malformations of, 1224-1230, 1225b

focal, 1227, 1229f-1230f
Cerebral edema

neonatal/infant, 1611-1617
diffuse, 1612-1615, 1615f

in neonate/infant, Doppler studies of brain 
and, 1645-1646

pediatric, transcranial Doppler in, 1668, 
1670f

Cerebral hemisphere, neonatal/infant, in 
sagittal imaging, 1564, 1565f

Cerebral infarction
focal, neonatal/infant brain and, 1616, 

1616b, 1617f
pediatric, in sickle cell patients, transcranial 

Doppler in screening for, 
1676-1685, 1677f-1686f

Cerebral palsy
pediatric, neurogenic bladder in, 1964
periventricular leukomalacia and, 1611-1612
in twins, 1150

Cerebro-oculo-muscular syndrome, vermian 
dysplasia with, 1222

Cerebrohepatorenal syndrome, cortical 
malformations in, 1227-1229

Cerebrospinal fluid, overproduction of, 
hydrocephalus from, 1595, 1595b

Cerebrovascular accident, 948. See also Stroke.
Cerebrovascular disease

in sickle cell patients, indicators of, 1677, 
1677f-1683f, 1681b

transcranial Doppler criteria for, 1676-1677
Cervical aortic arch, 1728
Cervical canal, dilation of, spontaneous preterm 

birth and, 1536, 1536f
Cervical cerclage, for cervical incompetence, 

1538-1539, 1539f
Cervical ectopia cordis, 1319
Cervical ectopic thymus, 1788
Cervical fascia, pediatric

deep layers of, 1690, 1691f
infrahyoid space in, 1690, 1703-1713. See 

also Infrahyoid space, pediatric.
suprahyoid space in, 1690-1702, 1691f. 

See also Suprahyoid space, 
pediatric.

superficial layers of, 1690, 1691f
Cervical kyphosis, in campomelic dysplasia, 

1395
Cervical lymph node(s)

classification of, 1723f
parathyroid adenomas confused with, 762
pediatric, inflammatory disease of, 

1720-1721

Cervical teratoma, 1189-1191, 1192f
Cervix, 548, 571-572

abnormal, management protocols for, 
1539-1540, 1540f

abnormalities of, 569-570
adenoma malignum of, 570, 572f
assessment of

after cervical cerclage, 1538-1539, 1539f
in cervical incompetence, 1538-1539
fetal therapy and, 1538
in multiple gestations, 1537
in obstetric population screening

general, 1536-1537
high-risk, 1537-1538

in polyhydramnios, 1538
in preterm premature rupture of 

membranes, 1538
in previous cervical surgery, 1537-1538
in prior preterm birth, 1537
in symptomatic patients, 1538
in uterocervical anomalies, 1537-1538

carcinoma of, 570, 571f
hematometra in, 564f

changes in, dynamic, spontaneous preterm 
birth and, 1535-1536, 1535f

funneling of
after cervical cerclage, 1538-1539, 1539f
in prediction of spontaneous preterm 

birth, 1533-1534, 1533f-1534f
incompetence of, 1527-1528

cervical assessment in, 1538-1539
in multifetal pregnancy, 1153-1154, 

1154f
length of, 1530-1531

in prediction of spontaneous preterm 
birth, 1532-1533, 1532t

nabothian cysts of, 569, 570f
normal sonographic appearance of, 

1528f-1529f, 1530-1531
polyps of, 570
in pregnancy, on second-semester scan, 

1046f
pseudodilation of, 1534, 1535f
short, 1531-1532, 1532f, 1532t
shortening of, progressive, spontaneous 

preterm birth and, 1534-1535
sonography of, 1528-1532, 1528f

technical limitations and pitfalls of, 1530, 
1530f, 1531t

transabdominal approach to, 1528-1529, 
1528f

transperineal/translabial approach to, 
1529, 1529f

transvaginal approach to, 1529-1530, 
1529f

surgery on, prior, cervical assessment in, 
1537-1538

trauma to, carotid artery damage from, 
981-982, 983f

width of, in prediction of spontaneous 
preterm birth, 1533-1534

Cesarean section
complications of, 597-598
in pediatric pregnancy, 1939-1940
scar from, implantation in, 1106, 1108f

CF. See Cystic fibrosis (CF).
Charcot’s triad, in acute cholangitis, 183
CHARGE syndrome, coloboma in, 1174
Chemical ventriculitis, in intraventricular 

hemorrhage, 1599
Chest. See also specific entities, e.g. Lung(s), 

Thymus.
fetal, 1273-1293

bronchogenic cysts in, 1282-1283, 1283f
congenital diaphragmatic hernia in, 

1285-1290. See also Diaphragmatic 
hernia, congenital.

congenital high airway obstruction in, 
1281-1282, 1282f

development of structures in, 1273-1274
neurenteric cyst in, 1283
normal sonographic features of, 

1273-1274, 1275f
pericardial effusion in, 1285, 1285f
pleural effusion in, 1283-1285, 1284f
sequestration in, Doppler assessment of, 

1493
pediatric, 1768-1799

diaphragm and, 1791-1795, 1794f-1796f
lung abscess in, 1778, 1779f
lung parenchyma and, 1778-1780
masses in, extracardiac, 1788-1791
mediastinum and, 1781-1788
osteomyelitis of ribs and, 1798
parapneumonic collections in, 1778
pleural fluid in, sonographic signs of, 

1768-1778, 1769b
rib fractures in, 1798
sonography of

advantages and disadvantages of, 
1776-1778, 1777f-1778f

indications for, 1768, 1769b
technique for, 1769

ultrasound-guided procedures and,  
1795

wall of, lesion of, biopsy of, ultrasound-
guided, 1795

Chiari malformation(s), 1576-1577
I, 1576
II

fetal
normal sonographic appearance of, 

1199
in open spina bifida, 1214, 1215f,  

1257
myelomeningoceles in, 1742-1743
sonographic findings in, 1576, 1576b, 

1577f-1578f
with MRI comparison, 1579f

in spina bifida screening, 1250
ventriculomegaly and, 1207

III, 1576
Child life specialists, 1845-1846
Childhood malignancies, obstetric sonography, 

1067
Chlamydial perihepatitis, complicating 

pediatric pelvic inflammatory 
disease, 1942

Chloroma, masseter muscle, 1703f
Chocolate cyst, 579, 581f
Cholangiocarcinoma, 190-197

assessment of, sonography in, 193, 196f
distal, 195-197, 197f
fluke infections and, 185
hilar, 192-193, 193b, 194f-196f
intrahepatic, 190-192, 191f

intraductal, 191-192, 191f-192f
peripheral, 135
staging of, 193
treatment of, 193
tumor growth patterns in, 192-193

Cholangiography, percutaneous, pediatric, 
2002f, 2020

Cholangiohepatitis, Oriental, 185
Cholangiopathy

autoimmune, 188-190
HIV, 186-188, 189f

Cholangitis
acute (bacterial), 183-184, 184f
AIDS, 186
ascending, complicating liver transplantation, 

645-647, 647f
pyogenic, recurrent, 185, 188f

Cerebral artery (Continued) Chest (Continued)
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sclerosing
primary, 188-190

intrahepatic stones in, 179, 180f
recurrent, after liver transplantation, 645, 

646f
secondary, causes of, 189b

Cholecystectomy, gallbladder nonvisualization 
from, 197-198

Cholecystitis
acalculous, 206-207

pediatric, 1811-1813
acute, 201-207, 203f-204f, 205t, 206f

pediatric, 1811-1813
sonographic findings in, 202, 205t

chronic, 208
emphysematous, 183, 204f, 205-206
gallbladder nonvisualization from, 197- 

198
gangrenous, 204f, 205
percutaneous cholecystostomy for, 

ultrasound-guided, 630, 632f
xanthogranulomatous, 208

Cholecystoenteric fistula, 183
Cholecystostomy, percutaneous, ultrasound-

guided, 630, 632f
Choledochal cysts, 175-176, 176f-177f

fetal, 1333, 1334f
neonatal jaundice and, 1805-1806, 

1805f-1807f
Choledochocele, pediatric, 1805-1806
Choledochoduodenal fistula, 183
Choledochojejunostomy, for liver 

transplantation, 640-641
Choledocholithiasis, 179, 179f

common bile duct stones and, 179f, 181
intrahepatic, 179, 179f

Cholelithiasis, pediatric, 1811-1813, 1813b, 
1813f

Chondrodysplasia punctata, 1410-1411,  
1410f

cortical malformations in, 1227-1229
sonographic appearance of, 1392f

Chondroectodermal dysplasia, 1410
Chondrolysis, complicating injectable steroids, 

937
Chorioamnionitis, maternal, periventricular 

leukomalacia and, 1611
Chorioangioma, 1510-1512, 1511f
Choriocarcinoma

ovarian, pediatric, 1935
testicular, 845-846, 847f

Choriomeningitis, lymphocytic, congenital, 
fetal brain development and,  
1234

Chorion, separation of amnion from,  
1502

Chorion frondosum, 1499
Chorion laeve, 1499
Chorionic cavity, 1075, 1077f
Chorionic plate, 1499
Chorionic sac fluid, 1082, 1082f
Chorionic villus(i), 1499

formation of, 1077f, 1078
Chorionic villus sampling (CVS), 1545-1547

amniocentesis compared with, 1544t
complications of, 1545-1546
indications for, 1545-1546
in screening for anomalies in twins, 

1151-1152
technique for, 1546-1547

transabdominal approach, 1546, 1546f
transcervical approach, 1547, 1547f

Chorionicity, in multifetal pregnancy, 1146, 
1146t, 1147f

sonographic determination of, 1147-1148

Choroid(s)
asymmetry of, in ventriculomegaly, 1208
separation of, from medial ventricle wall, in 

ventriculomegaly evaluation, 
1205f, 1208

Choroid plexus
fetal

cysts of, 1202, 1205f
with open spina bifida, 1257-1263
in trisomy 18, 1136, 1136f
in trisomy 21, 1134

papillomas of, 1238
routine sonographic view of, 1049f

neonatal/infant
in coronal imaging, 1561f, 1562
cysts of, 1628, 1629f
development of, 1572-1573, 1572f-1573f

papillomas of
in neonatal/infant, Doppler imaging of, 

1651f
neonatal/infant brain and, 1625-1626, 

1628f
ventriculomegaly with, 1206-1207

Chromosome abnormalities, 1119-1144
aneuploidy as. See Aneuploidy.
Ebstein anomaly with, 1309
fetal, intrauterine growth restriction and, 

1469
fetal hydrops from, 1444
risk for, maternal age-related, 1119, 1120f
triploidy as, 1137-1138, 1138b, 1138f
trisomy 13 as, 1136-1137, 1137b, 1137f
trisomy 18 as, 1135-1136, 1135b, 1136f
trisomy 21 as, 1129-1135. See also Trisomy 

21 (Down syndrome).
Turner syndrome as, 1138-1140, 1139f

Chromosome 6p, mutation on, in autosomal 
recessive polycystic kidney disease, 
1363

Chromosome 11p13, hepatoblastoma and, 
1817

Chromosome 16p, mutation on, in autosomal 
dominant polycystic kidney 
disease, 1364

Chylothorax
congenital, fetal, hydrops from, 1439
fetal

in hydrops, 1426-1427
primary, 1283

neonatal, radiopaque hemithorax in, 1771f
Cingulate sulcus, neonatal/infant, development 

of, 1569-1570, 1571f
Circulation, fetal, 1472-1473, 1473f
Circumvallate placenta, 1513-1514, 1513f
Cirrhosis

biliary, 97-98
pediatric, 1811

gallbladder wall edema in, 206f
hepatic, 97-100, 99b, 99f

Doppler characteristics of, 100, 100f
hepatocellular carcinoma and, 127-128, 

128t
intrahepatic portal hypertension from, 101

in inborn errors of metabolism, 1809
pediatric, 1811, 1812f

causes of, 1832b
intrahepatic portal hypertension and, 

1831-1834
postnecrotic, pediatric, 1811

Cistern, as landmark for transtemporal 
approach, 1654-1655, 1678f

Cisterna magna
fetal

effacement of, in Chiari II malformation, 
1216

normal sonographic appearance of, 1199

neonatal/infant
clot in, in intraventricular hemorrhage, 

1599, 1604f
development of, 1574
mega, Dandy-Walker malformation 

differentiated from, 1582, 1589f
pediatric, hemorrhage in, 1742

Clavicles, growth of, normal, 1392
Cleavage

disorders of, brain malformations from, 
1583-1586

incomplete, conjoined twins and, 1145
timing of, chorionicity and, 1146

Cleft lip/palate
associated signs of, 1183b
bilateral, 1183, 1183f, 1186f

hypertelorism and, 1176f
differential diagnosis of, 1182b
median, 1183-1184
patterns of, 1183f
Tessier category of, 1184, 1184f
unilateral, 1183, 1185f

midface hypoplasia with, 1181f
Cleidocranial dysplasia

pediatric, 2002
ribs in, 1396
wormian bones in, 1171

Clinodactyly, fetal, 1416-1419, 1418f
Clitoris, fetal, enlarged, 1380-1381
Cloaca, 1353
Cloacal exstrophy, 1346, 1348f

with spinal dysraphism, 1750-1751
Cloacal exstrophy sequence, sacral agenesis in, 

1267
Cloacal malformation, 1973

with spinal dysraphism, 1750-1751
urinary tract obstruction and, 1377, 1377f

Clonorchiasis, 185, 187f
Clot retraction, in evolution of deep venous 

thrombosis, 1029-1031, 1032f
Cloverleaf skull

in skeletal dysplasias, 1396
in thanatophoric dysplasia type 2, 1399, 

1401f
Clubfoot

fetal, 1418f-1419f, 1419-1420
in skeletal dysplasias, 1396
spina bifida and, 1257-1263

pediatric, 2001-2002
Clubhand

fetal, 1419
in skeletal dysplasias, 1396

Coagulation necrosis, from high-intensity 
focused ultrasound, 32-33

Coarctation
of aorta, 1315-1316, 1316f

fetal, hydrops from, 1436
hypoplastic left heart syndrome with, 

1311
of frontal horn, 1571-1572, 1572f

Cobblestone lissencephaly, 1198
Coccygeal teratoma, fetal, hydrops from, 1444
Coccyx

development of, variations in, 1735, 1740f
ossification of, in infants, 1735, 1739f-1740f

Coelom, 1338-1340
Cogwheel sign, in pelvic inflammatory disease, 

593
Colitis

pediatric
pseudomembranous, intestinal wall 

thickening in, 1908f
with severe pyelonephritis, intestinal wall 

thickening in, 1909f
pseudomembranous, 300-301, 302f

Cholangitis (Continued) Cisterna magna (Continued)
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tuberculous, 290-291
ulcerative, 272

Collagen vascular disease, maternal, fetal 
atrioventricular block from, 
1321-1322

Collateral ligaments, normal sonographic 
appearance of, 910-916

Coloboma, 1174, 1179f
Colon

carcinoma of, 266, 268f-269f
metastatic to ovaries, pediatric, 1935

diverticula of, 293, 295f. See also 
Diverticulitis.

fetal
anorectal atresias of, 1336
megacolon, 1336, 1336f
microcolon, 1336

in megacystis-microcolon-intestinal 
hypoperistalsis syndrome, 1377

pediatric, 1905-1906
anatomy of, 2001-2003
ectopic or imperforate anus and, 

1905-1906, 1906f
normal anatomy and technique for, 1905

Color assignments, changing, in color Doppler, 
967

Color Doppler ultrasound, 24-25, 25b, 25f
bioeffects of, 31-32
in Budd-Chiari syndrome, 105, 107f
in carotid stenosis evaluation, 964-969

advantages and pitfalls of, 969, 969b, 
969f

optimal settings in, for low-flow vessel 
evaluation, 967-969, 968b, 968f

in deep venous thrombosis examination, 
1028

in fetal heart assessment, 1300, 1304f
interpretation of, 26-28, 28f
in pediatric liver assessment, 1822
in placenta accreta diagnosis, 1505
in placental blood flow assessment, 1502
in pleural fluid imaging, 1769-1776,  

1776f
slow-flow sensitivity settings on, 975

Color gain, in renal artery duplex Doppler 
sonography, 463

Color yin-yang sign, in pseudoaneurysm of 
peripheral artery, 1001

Colpocephaly, 1233f
in Chiari II malformation, 1576-1577, 

1577f, 1579f
in corpus callosum agenesis, 1578, 1584f

Column of Bertin, in kidney development, 
1849-1851, 1852f

Coma, differentiating brain death from, 
transcranial Doppler in, 
1674-1675, 1675f

Commissures, formation of, 1198
Common bile duct (CBD)

anastomosis of, for liver transplantation,  
640

dilation of, cylindrical or saccular, pediatric, 
1805, 1806f

stones in, 179f, 181
acute pancreatitis and, 227
complicating liver transplantation, 647, 

648f
Compression, in sound wave, 2-3, 3f
Compression maneuver(s)

for breast imaging, 785
for dynamic ultrasound of hernias, 487-488, 

489f
Computed tomography angiography (CTA), in 

peripheral artery evaluation, 
998-999

Computed tomography (CT)
in abdominal aortic aneurysm

for screening and surveillance, 451-452
for treatment planning, 454-455

in abdominal aortic rupture evaluation, 454, 
454f

of prostate, 423
three-dimensional, in skeletal dysplasia 

evaluation, 1397-1398, 1399f
Conception, retained products of, 597, 598f
Conceptional age, definition of, 1455
Congenital adrenal hyperplasia, adrenal rests in, 

854-855, 1957-1958
Congenital cystic adenoid malformation, 

macrocystic, drainage of, 
ultrasound-guided, 1550f

Congenital cystic adenomatoid malformation
fetal, 1277-1279, 1279f
pediatric, 1790

Congenital heart block, fetal, 1321-1322
Congenital high airway obstruction, fetal, 

1281-1282, 1282f
hydrops from, 1440

Congenital malformations, obstetric 
sonography, 1067

Congenital pulmonary airway malformation, 
pediatric, 1790

Congestive heart failure
dilation of inferior vena cava and hepatic 

veins in, 480, 480f
gallbladder wall edema in, 206f

Conjoined tendon insufficiency
direct inguinal hernia and, 492-497, 

497f-498f
sports hernia and, 502, 503f

Connective tissue, dense fibrous, homogeneous 
plaque and, 952-953

Conn’s disease, adrenal adenomas in, 434
Conradi-Hünermann syndrome, 1410-1411
Continuous wave (CW) devices, 8
Continuous wave Doppler, 24, 24f
Continuous wave probes, with duplex pulsed 

Doppler, 974
Continuous wave ultrasound, 36
Continuous wave ultrasound devices, 8
Contraceptive devices, intrauterine, 550f, 

568-569
Contraceptives, oral, hepatic adenomas and, 

1814
Contrast agents, 53-75

acoustic cavitation and, 43-44, 44b
avoidance of, in obstetric sonography, 1064
blood pool, 54-55. See also Blood pool 

contrast agents.
echo-enhancing, 57
microbubble

in hepatocellular carcinoma detection, 128
in liver mass characterization, 110-113, 

111f-112f
lesional enhancement in, 111f, 113, 

113f
lesional vascularity in, 110, 111f-112f

in liver mass detection, 114-115, 115f
in musculoskeletal interventions, 935
need for, 56-58, 59f
for pediatric transcranial Doppler, 

1685-1686
perfluorocarbon, in liver mass detection, 

114-115
regulatory and marketing status of, 55f
regulatory status of, 72
requirements for, 53-56
safety considerations for, 71-72
selective uptake, 56

Contrast effect, of steroid anesthetic mixture, 
936, 946f

Contrast-enhanced ultrasound
in fatty liver diagnosis, 96
in prostate cancer, 417-418
in thyroid imaging, 708

Contrast pulse sequence (CPS), 64
Contrast-to-noise ratio, improving, spatial 

compounding in, 14-16, 16f
Contusion, to spleen, pediatric, 1842f
Conus medullaris

fetal, location of, 1249-1250
in fetal spine

determining level of, 1735, 1739f
position of, 1735-1737, 1741f

Cooper’s ligaments, 777, 778f
Coracobrachial bursa, in adolescent rotator 

cuff, 887
Coracohumeral ligament, 879-882
Cordocentesis, 1547-1549, 1548f
Cornelia de Lange syndrome, microcephaly in, 

1224-1225
Cornua, 547-548
Coronary sinus, in fetal circulation, 1472
Corpora amylacea, 398f, 400
Corpus callosum

agenesis/dysgenesis of, 1230-1232, 1232b, 
1233f, 1577-1578

in Chiari II malformation, 1576-1577, 
1579f-1580f

heterotopia with, 1230f
in rhombencephalosynapsis, 1223
sonographic findings in, 1578, 1580b, 

1583f-1586f
ventriculomegaly and, 1207

lipoma of, 1580, 1587f
thinning of, in periventricular leukomalacia, 

1612
Corpus luteum

development of, 573, 576
formation of, 1073

Corpus luteum cysts
in first trimester, 1113, 1114f
pediatric, 1930

Cortex
cerebral. See Cerebral cortex.
ovarian, 548
renal, in pediatric kidney, 1851-1852, 1853f

Cortical nephrocalcinosis, 346-347
Corticosteroids, injectable, for musculoskeletal 

interventions, 937
Cortisol, secretion of, 431
Couinaud’s anatomy, of liver, 80-81, 81t, 82f
Coxsackie virus infection, fetal, hydrops from, 

1444-1446
Coxsackievirus B, endocardial fibroelastosis 

from, 1318-1319
Cranial neuropore, in spine embryology,  

1245
Craniocervical junction, in pediatric spine, 

1737, 1742f
Craniolacunia, in Chiari II malformation, 

1576-1577
Craniopagus twins, 1161f
Craniopharyngioma, intracranial, fetal, 1238
Craniorachischisis, 1210, 1247
Cranioschisis, definition of, 1254t
Craniosynostosis, 1169-1171

with cloverleaf skull, 1170f-1171f
cranial contour indicating, 1396
intracranial compliance in, evaluation of, 

1647
metopic, 1170f

Cranium, in skeletal dysplasias, 1396
Cremasteric artery, 841-842, 841f
Crohn’s disease, 272-282

appendicitis associated with, 290, 291f
classic features of, 273-277

Colitis (Continued)
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complications of, 277-282
fistula formation as, 278-280, 281f-282f
inflammatory masses as, 278, 280f
localized perforation as, 281, 283f
perianal inflammatory problems as, 

281-282, 284f
creeping fat in, 273, 275f-276f
gut wall thickening in, 273, 274f
hyperemia in, 275, 277f
lymphadenopathy in, 273-275, 276f
mucosal abnormalities in, 277
pediatric, appendicitis differentiated from, 

1974-1975
perianal inflammatory disease in, 310
sonographic features of, 273b
strictures in, 275-277, 278f-279f

Crouzon syndrome
craniosynostosis in, 1169
midface hypoplasia in, 1178-1179

Crown-rump length
in gestational age determination, 1457, 

1457f, 1458t
in gestational age estimation, 1088
mean sac diameter and, predicting abnormal 

outcome, 1093, 1095f
nuchal translucency and, 1120-1121

Cruciate ligaments, normal sonographic 
appearance of, 910-916

Cryotherapy, for prostate cancer, 412
Cryptorchidism, 871-874, 873f

pediatric, 1945-1946, 1946f
Crystalline form, of injectable steroids, 937
Cul-de-sac

anterior, 547-548
fluid in, 572
posterior, 547-548, 571-572

Cumulus oophorus, 1073
Currarino triad, 1754
Curved array transducers, 13
Cushing’s syndrome

adrenal adenomas in, 434
pediatric, adrenal rests in, 1957-1958

CVS. See Chorionic villus sampling (CVS).
Cyclophosphamide, pediatric cystitis from, 

1865, 1868f
Cyclopia, 1172, 1176f

in alobar holoprosencephaly, 1584-1585
Cyst(s)

in adenomyosis, 559-560, 560f
adnexal, in pregnancy, 1045
adrenal, 441-442, 442b, 442f-443f
amnion inclusion, 1087
arachnoid, 1224, 1224f
Baker’s, 928, 931f

pediatric, 1999
branchial, 1713-1715, 1715f-1716f
breast. See Breast(s), cysts of.
bronchogenic, pediatric, 1713, 1791
cavum veli interpositi, 1202-1206, 1206f
chocolate, 579, 581f
choledochal, 175-176, 176f-177f

fetal, 1333, 1334f
neonatal jaundice and, 1805-1806, 

1805f-1807f
choroid plexus

fetal, 1202, 1205f
with open spina bifida, 1257-1263

in trisomy 18, 1136, 1136f
in trisomy 21, 1134

corpus luteal, 576
corpus luteum, in first trimester, 1113, 1114f
daughter, in echinococcosis, 1819-1820
dermoid. See Dermoid cyst(s).
duplication. See Duplication cysts.
enteric, pediatric, 1750

epidermoid. See Epidermoid cyst(s).
epididymal, 864, 865f

pediatric, 1959, 1960f
esophageal, pediatric, 1713
fetal

bronchogenic, 1282-1283, 1283f
choledochal, 1333, 1334f
cortical, in renal dysplasia, 1362-1363, 

1362f
hepatic, 1331, 1332f
neurenteric, 1283
renal, 1361-1367. See also Kidney(s), fetal, 

cystic disease of.
filar, in newborn, 1735, 1738f
follicular, 573, 575-576
foregut, pediatric, 1713
frontal horn, 1571-1572, 1572f
ganglion

pediatric, 2000
of tendons, 927, 930f

Gartner’s duct, 570-571
pediatric, 1939

gastrointestinal, 301, 302f
pediatric, 1915, 1917f

hepatic, 86
percutaneous management of, 634-635

hydatid
renal, 339, 339f
splenic, 156, 157f

inclusion
peritoneal, 528, 529f
vaginal, pediatric, 1939

mesenteric, fetal, ovarian cysts differentiated 
from, 1383

milk of calcium, complicating renal 
transplantation, 670, 674f

Müllerian duct, pediatric, 1966, 1967f
nabothian, 569, 570f, 1530

ovarian. See Ovary(ies), cysts of.pediatric, 
1929-1932

pancreatic, 247-252, 248f. See also Pancreas, 
neoplasms of, cystic.

congenital, 1920
high-risk features of, 249b
simple, 249, 249f-250f

percutaneous management of, 634-635
peritoneal

inclusion, 528, 529f
mesenteric, 529, 530f

popliteal, pediatric, 2000
porencephalic, 1587-1589
prostate, 400, 401f, 404-405
renal, 366-374. See also Kidney(s), cysts of.

multilocular, pediatric, 1875
percutaneous management of, 634, 635f

renal cell carcinoma in, 350-351, 352f
round ligament, simulating groin hernia, 

518
seminal vesicle, pediatric, 1966, 1966f
simulating groin hernias, 518
spermatic cord, pediatric, 1959
splenic, 154-156, 154f-158f, 155b

endothelial-lined, 156
epidermoid, 154f-155f, 155-156
false, 155-156, 155f
hydatid, 156, 157f
primary congenital, 154f-155f, 155-156
pseudocysts as, 155-156, 155f

subarachnoid, posterior fossa, dandy-Walker 
malformation differentiated from, 
1221, 1582

subchorionic, maternal floor infarction with, 
1509, 1509f

subependymal, from aging subependymal 
hemorrhage, 1599

testicular, 852, 852b, 853f. See also 
Testis(es), cysts of.

theca luteal, 577
thymic, 1715-1716, 1717f
thyroglossal duct, pediatric, 1701-1702, 

1705-1706, 1707f
infected, 1706, 1707f

tunica albuginea, 852, 853f
tunica vaginalis, 852, 853f

pediatric, 1959
umbilical cord, 1516, 1517f

sonographic appearance of, 1087, 1087f
urachal, 329, 330f

ovarian cysts differentiated from, 1383
pediatric, pediatric hydronephrosis and, 

1859, 1859f
vallecula, pediatric, 1701-1702, 1702f

Cystadenocarcinoma(s)
appendiceal, mucocele associated with, 303
ovarian

mucinous, 586f, 587
pediatric, 1935
serous, 586-587, 586f

Cystadenoma(s)
appendiceal, mucocele associated with, 303
biliary, 86, 87f
epididymal, pediatric, 1961
mucinous

in first trimester, 1115f
ovarian, 587, 587f

ovarian, pediatric, 1935
papillary, of epididymis, 863-864
serous, ovarian, 586-587, 586f

Cystic adenomatoid malformation, congenital, 
1277-1279, 1279f

fetal, hydrops from, 1440
types I-III, 1278

Cystic artery, 200
prominent, in acute cholecystitis, 203-204, 

203f
Cystic dysplasia, testicular, 852-853

pediatric, 1946-1947, 1947f
Cystic encephalomalacia, 1591, 1594f
Cystic fibrosis (CF)

chronic pancreatitis in, 1920
echogenic fetal bowel in, 1337
fatty infiltration of liver in, 1811f
fetal, hydrops from, 1442
gallbladder nonvisualization in, 1331-1333
gastrointestinal tract in, 305
ileal obstruction in, 1335-1336
ovarian cysts and, 1929-1930

Cystic hygroma(s). See also Lymphatic 
malformation.

in aneuploidy screening, 1125, 1126f
hydrops from, 1438-1439
in Turner syndrome, 1119, 1139

Cystic meconium peritonitis, 1901, 1903f
Cystic periventricular leukomalacia, 1611-

1612, 1614f
Cystic presacral lesions, 1977
Cystic teratomas, ovarian, 588-590, 588b, 

589f-590f
Cystic tumor(s)

cavum veli interpositi cysts differentiated 
from, 1202-1206

supratentorial cysts differentiated from, 1224
Cystitis, 340-341

chronic, 341
emphysematous, 341, 343f
infectious, 340-341
interstitial, 383, 383f
pediatric

granulomatous, 1967-1969
hemorrhagic, 1967-1969, 1967f-1968f

Crohn’s disease (Continued) Cyst(s) (Continued) Cyst(s) (Continued)
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Cystitis cystica, 341
pediatric, 1967-1969

Cystitis glandularis, 341
pediatric, 1967-1969

Cytogenesis, definition of, 1574, 1575b
Cytomegalovirus (CMV), in acute typhlitis, 

290-291
Cytomegalovirus (CMV) infection

congenital, neonatal/infant brain and, 
1619-1622, 1621f-1622f

fetal
bowel echogenicity in, 1335f, 1338
brain development and, 1234, 1235f
hydrops from, 1444-1447
hyperechogenic kidneys in, 1366-1367

neonatal/infant, schizencephaly from, 
1586-1587, 1619-1620

Cytopathologists, definition of, 615
Cytotrophoblast cells, 1500f

D
Dacryocystocele, 1174-1178, 1180f
Damping materials, in transducers, 8
Dandy-Walker complex, ventriculomegaly and, 

1207
Dandy Walker continuum, 1222
Dandy-Walker malformation, 1220-1221, 

1221b, 1221f, 1580-1583
arachnoid cysts differentiated from, 1224
CNS anomalies associated with, 1581
corpus callosum agenesis and, 1577-1578
differential diagnosis of, 1582-1583
etiologic theories, 1581
frequency of, 1221
rhombencephalosynapsis differentiated from, 

1223
sonographic findings in, 1581b, 1588f
in triploidy, 1138f
ventriculoperitoneal shunting for, 1581, 

1588f
Dandy Walker variant, 1222, 1581-1582, 

1589f
Dartos, 843
Daughter cysts, in echinococcosis, 1819- 

1820
DDH. See Developmental dislocation and 

dysplasia of hip (DDH).
de la Chapelle dysplasia, 1407
de Morisier syndrome, 1232
de Quervain’s disease, 742
de Quervain’s tendinosis, injection for, 

941-942, 942f
de Quervain’s tenosynovitis, 924, 925f
de Quervain’s thyroiditis, pediatric, 1708
Death, brain. See Brain death.
Decibel, 7
Decidua, 1500f
Decidua basalis, 1499
Decidua capsularis, 1499
Decidual reaction, 1073
Deep venous thrombosis (DVT)

lower extremity, 1026-1029, 1026f
chronic, 1029-1031, 1031f-1032f
diagnostic accuracy in, 1029
evolution of, from acute to chronic, 

1029-1031, 1031f
examination in, 1027-1029, 1027f

modifications of, 1027-1029,  
1028f

findings in, 1029, 1030f
upper extremity, 1034-1035

Deferential artery, 841-842, 841f
Definity, 55
Deflux procedure, for vesicoureteral reflux, in 

urinary tract infections, 1863, 
1864f, 1970, 1971f

Deformations, definition of, 1411
Delivery

in hydrops, 1449-1450
preterm, 1527-1542. See also Preterm birth 

(PTB).
Demineralization, of spine, in skeletal 

dysplasias, 1395
Depigmentation, complicating injectable 

steroids, 937
Depth gain compensation, control of, 9
Dermal sinuses, dorsal, pediatric, 1745, 1749f
Dermoid cyst(s)

of head and neck, pediatric, 1716, 1717f
ovarian, 588-590, 589f

in first trimester, 1113-1114, 1115f
pediatric, hemorrhagic ovarian cyst 

differentiated from, 1932
in suprahyoid area, 1701-1702

Desmoid tumors, simulating anterior 
abdominal wall hernias, 520, 
521f-522f

Developmental dislocation and dysplasia of hip 
(DDH), 1982-1991

anterior views for, 1991-1994, 1993f
clinical overview of, 1982-1983
dynamic sonographic technique for, 

1983-1991
coronal/flexion view for, 1986-1988, 

1988f-1989f
dislocation in, 1988, 1988f-1989f
subluxation in, 1988

coronal/neutral view for, 1985-1986, 
1986f-1987f

in dislocated hip, 1985, 1986f-1987f
in normal hip, 1985, 1986f-1987f

stress maneuvers for, 1984
technical factors in, 1983-1985
transverse/flexion view for, 1988-1989, 

1990f
frank dislocation in, 1988-1989,  

1990f
subluxation in, 1988-1989

transverse/neutral view for, 1989-1991, 
1992f

dislocation in, 1991, 1992f
subluxation in, 1991, 1992f

evaluation during treatment and, 1993-1994
evaluation of infant at risk and, 1991-1993
incidence of, 1983
mechanism of, 1983
minimum standard examination for,  

1984b
risk factors for, 1983b
screening program for, 1994

Dextrocardia, 1297
Dextroposition, 1297, 1297f
Dextrotransposition, of great arteries, 

1313-1314
Diabetes mellitus

chronic renal failure in, 381
maternal

advanced-stage, intrauterine growth 
restriction and, 1473-1474

caudal regression and, 1752
holoprosencephaly and, 1583-1584
large-for-gestational age fetus and, 

1465-1466
neural tube defects from, 1247

Dialysis
access grafts and fistulas for, 1013-1014, 

1014f
acquired cystic kidney disease associated 

with, 373
acquired renal cysts in, in children, 

1861-1862
Diamniotic dichorionic twins, 1044f

Diamniotic monochorionic twins, 1044f
Diaphragm

duodenal, 1898, 1900, 1900f
fetal

agenesis of, 1285
development of, 1274, 1275f
eventration of, 1285, 1287, 1289f

gastric, 1896, 1898f
pediatric, 1791-1795

anatomy of, 1998f, 1999-2001
eventration of, 1788-1789
motion of

comparisons of, 1791-1795, 1794f
paradoxical, 1791-1795

paralysis of, 1791-1795, 1795f
rupture of, 1791-1795, 1796f

Diaphragm sign, of pleural fluid, 1776
Diaphragmatic hernia

congenital, 1285-1290
anomalies associated with, 1287
bilateral, 1287
Doppler assessment of, 1493
fetal lung size and, 1273
in utero therapy for, 1289-1290
left-sided, 1285-1287, 1286f

survival in, predictors of, 1290t
morbidity and mortality from, 1287- 

1289
poor prognostic factors in, 1290b
right-sided, 1287, 1288f
stomach herniation in, 1329

fetal, hydrops from, 1439, 1440f
liver herniation in, 84
pediatric, 1788-1789, 1791f
thickened nuchal translucency in, 1128

Diaphragmatic slips, 84
Diastasis recti abdominis, 505, 506f
Diastematomyelia

fetal, 1264-1265, 1266f
pediatric, 1747-1750, 1749f

Diastolic runoff, prolonged, carotid flow 
waveforms and, 970

Diastrophic dwarfism
findings associated with, 1396
hitchhiker thumb in, 1419

Didelphys uterus, sonographic diagnosis of, 
555-556, 555f

Diencephalon, 1111
Diethylstilbestrol (DES), in utero exposure to, 

uterine abnormalities from, 554, 
1936-1937

cervical assessment in, 1537-1538
Diffuse reflectors, 5-6, 5f
Diffuse steatosis, 95-96, 96b
Diffusion tensor imaging, in periventricular 

leukomalacia, 1612
DiGeorge syndrome, fetal thymus evaluation 

for, 1274
Digestive tube, embryology of, 1327
Dilation and curettage (D&C), suction

for retained products of conception, 1099, 
1100f

for termination of early pregnancy failure, 
1099

Diplomyelia, in diastematomyelia, 1266f
Discriminatory level, for seeing gestational sac, 

1079
Disjunction, in spine embryology, 1733
Dislocation(s), pediatric

of elbow, congenital, 2001
of hip, developmental, 1982-1991. See also 

Developmental dislocation and 
dysplasia of hip (DDH).

of knee, congenital, 2001, 2002f
Displaced-crus sign, of pleural fluid, 1776
Disruption-replenishment imaging, 67, 68f-71f
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Disruptions, definition of, 1389, 1411
Diverticulation

disorders of, brain malformations from, 
1583-1586

in organogenesis, 1574, 1575f
Diverticulitis

acute, 293-296
classic features of, 293
muscular hypertrophy from, 294-296, 

294f-295f
pericolonic changes in, 294-296, 296f
sonography of, 293-296, 296b

focally inflamed fat in, 541
right-sided, 290, 292f

Diverticulosis, spastic, 293
Diverticulum(a)

bladder, 383f, 384
identification of, 597
pediatric, 1966, 1967f

caliceal, milk of calcium deposition in, 1869, 
1871f

colonic, 293, 295f. See also Diverticulitis.
of common bile duct, 1805-1806
Meckel’s

intussusception and, 1903
pediatric, inflamed, appendicitis 

differentiated from, 1913-1915, 
1916f

small bowel obstruction from, 1902f
pediatric, 1750
urachal, pediatric, 1964-1966, 1966f
urethral, 329, 331f

anterior, pediatric, bladder outlet 
obstruction from, 1963-1964

urinary bladder, transitional cell carcinoma 
in, 359-360

Dolichocephaly, 1168-1169
Doppler angle, 21-23, 22f-23f, 30
Doppler beam, vessel paralleling, in color 

Doppler, 967
Doppler effect, 20-21, 22f
Doppler frequency shift, 21-23, 23f
Doppler gain, 30, 32f
Doppler indices, 26, 27f
Doppler spectrum, 957
Doppler ultrasound, 20-30

aliasing in, 27-28, 30, 31f
artifacts in, major sources of, 29b
bioeffects of, 31-32
in breast nodule evaluation, 829-833, 

831f-832f, 834f-835f
color, 24-25, 25b, 25f. See also Color 

Doppler ultrasound.
continuous wave, 24, 24f
in determining prognosis for IUGR fetuses, 

1467
Doppler angle and, 21-23, 22f-23f, 30
Doppler effect and, 20-21, 22f
Doppler equations and, 20-23, 22f
Doppler frequency and, 28-29
Doppler frequency shift and, 21-23, 23f
Doppler gain and, 30, 32f
Doppler indices in, 26, 27f
duplex. See Duplex Doppler sonography.
in ectopic pregnancy confirmation, 

1107-1109
in fetal surveillance, 1472-1498

for biophysical profile scoring, 1493-1495, 
1493b-1494b

in fetal morphologic abnormalities, 1493
of indomethacin and ductus arteriosus, 

1491-1493, 1492f
in intrauterine growth restriction, 

1474-1487. See also Intrauterine 
growth restriction (IUGR), 
Doppler waveform analysis in.

in multiple gestations, 1491, 1492f
in prediction of fetal hematocrit, 

1489-1491
in red cell alloimmunization, 1489

in gut wall evaluation, 265-266, 267f
harmonic power, 61, 62f
in hepatic cirrhosis, 100, 100f
instrumentation for, 24-25
of neonatal/infant brain, 1637-1653

anterior fontanelle approach for, 1637, 
1638f

asphyxia and, 1645, 1646f
brain death and, 1646, 1647f
cerebral edema and, 1645-1646
diffuse neuronal injury and, 1645-1646
Doppler optimization in, 1638-1640, 

1639b
extracorporeal membrane oxygenation 

and, 1644-1645, 1645f-1646f
foramen magnum approach for, 1638, 

1640f
hydrocephalus and, 1647-1648, 

1648f-1649f
intensive care therapies and, 1643-1645
intracranial hemorrhage and, 1646-1647, 

1648f
intracranial tumors and, 1649, 1651f
measurements in, 1641
mechanical ventilation and, 1643-1644, 

1644f
near-field structures and, 1649-1652, 

1651f-1652f
normal hemodynamics and, 1641-1643
normal venous blood flow patterns and, 

1642-1643, 1643f
safety considerations for, 1640-1641
stroke and, 1646-1647, 1648f
temporal bone approach for, 1637-1638, 

1640f
transcranial approaches for, 1637-1638
vascular malformations and, 1649, 1650f

of pediatric brain, 1654-1689, pediatric. See 
also Transcranial Doppler (TCD) 
sonography

of pediatric liver
in disease assessment, 1820-1835
in portal hypertension assessment, 

1820-1835
for peripheral vein imaging, 1024
power. See Power Doppler sonography.
power mode, 25, 25b, 25f-26f
in predicting pregnancy outcome, 1098
pulse inversion, 64
pulsed wave, 24, 24f

in fetal heart assessment, 1300, 1304f
in renal transplant assessment, 665-667, 

668f-669f
renal vascular, 376-377
sample volume size and, 30
signal interpretation for, 25-26
signal process and display in, 23, 23f
spatial focusing and, 35
spectral, 60-61

in carotid artery analysis, 957-964. See also 
Carotid artery(ies), ultrasound 
interpretation of, Doppler spectral 
analysis and.

spectral broadening and, 29-30, 30f
technical considerations in, 28-30
transcranial, 984-985, 986f. See also 

Transcranial Doppler (TCD) 
sonography.

umbilical cord, in multifetal pregnancy, 
1154, 1155f

wall filters and, 29, 29f

Dorsal dermal sinuses, pediatric, 1745, 1749f
Dorsal enteric fistula, pediatric, 1750
Dorsal midline cyst, in corpus callosum 

agenesis, 1578, 1585f
Dorsal rectum, in bladder development, 

318-319, 319f
Dorsalis pedis artery, 1003-1004
Double-bleb sign, in amnion demonstration, 

1084
“Double bubble” sign, in fetal duodenal atresia, 

1334-1335, 1335f
Double-decidual sign, 1080-1081, 1081f
Double-outlet right ventricle, 1312-1313, 

1313f
Down syndrome. See Trisomy 21 (Down 

syndrome).
Drainage, ultrasound-guided, 625-633

of abscesses
abdominal and pelvic, 628
liver, 627f, 628-629, 629f
pediatric, , 2018

appendiceal, 2003f, 2024
renal, 633, 634f
splenic, 632-633
transrectal, 1999f, 2018

of bile duct fluids, 630-631
of biliary tract fluids, 630-631
catheters for

placement of, 627, 627f
removal of, 628
selection of, 626, 626f, 1996

contraindications to, 626
diagnostic aspiration in, 627
of fetal ascites, 1550, 1552f
follow-up care for, 628
of gallbladder fluids, 630, 632f-633f
imaging methods for, 626
indications for, 625-626
intrauterine, 1550-1551
of macrocystic congenital cystic adenoid 

malformation, 1550f
of pancreatic fluid collections, 631-632,  

633f
patient preparation for, 627
of pleural and peritoneal fluids, pediatric, 

2018-2020
of pleural effusion, 1795
procedure for, 627-628

Drug(s)
fetal hydrops from, 1447
illicit, use of, gastroschisis and, 1341

Duct(s)
bile. See Bile duct(s).
mammary

normal sonographic appearance of, 778, 
780f

subareolar and intranipple, scanning of, 
778-780, 781f

of Santorini, 224, 225f-226f
thymopharyngeal, formation of, 1715
of Wirsung, 224, 225f-226f

Ductal arch, fetal, 1298-1300, 1303f
Ductus arteriosus, 1297, 1298f

in fetal circulation, 1472, 1473f
indomethacin and, Doppler evaluation of, 

1491-1493, 1492f
Ductus epididymis, 841
Ductus venosus, 1297, 1298f

Doppler waveform analysis of, in 
intrauterine growth restriction, 
1483-1484, 1485f-1486f

in fetal circulation, 1473, 1473f
reversed flow in, in aneuploidy screening, 

1127, 1128f
Duodenal diaphragm, 1898, 1900, 1900f
Duodenal duplication cyst, pediatric, 1917f

Doppler ultrasound (Continued)
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Duodenal leaks, after pancreas transplantation, 
696

Duodenum
atresia of, in trisomy 21, 1129-1130, 1130f, 

1133
fetal

atresia of, 1334-1335, 1335f
stenosis of, 1334

pediatric, 1897-1905
anatomy of, normal, 1897
atresia of, 1898, 1900f
congenital obstruction of, 1898-1900, 

1900f
hematoma of, 1900-1901, 1902f
sonographic technique for, 1897

ulcer in, perforated, gallbladder signs in, 
207f

Duplex Doppler sonography
basic technique of, 1820
in Budd-Chiari syndrome, 105, 107f
mesenteric artery, 470-474, 471f-473f

interpretation of, 471-474, 473f-475f
in peripheral artery examination, 999
in portal hypertension, 78, 101-102
renal artery, 463-466, 466f-467f

false-positive/false-negative results with, 
466, 467f

interpretation of, 466
Duplication cysts

bronchopulmonary, pediatric, 1793f
enteric, fetal, 1338, 1340f

ovarian cysts differentiated from, 1383
gastrointestinal, 301, 302f

pediatric, 1915, 1917f
ovarian cysts differentiated from, 

1929-1930
Dural sinus, fetal, thrombosis of, 1235-1236, 

1236f
Duty factor, 36
DVT. See Deep venous thrombosis (DVT).
Dwarfism, diastrophic

findings associated with, 1396
hitchhiker thumb in, 1419

Dwell time, 36
in obstetric sonography, 1062

Dynamic maneuvers
for breast imaging, 785
for hernia imaging, 487-488, 489f-490f

Dynamic range, of amplitudes, 9, 10f
Dysgerminoma(s), ovarian, 590, 591f

pediatric, 1935
Dyslexia, obstetric sonography and, 1066-1067
Dysostoses, definition of, 1389
Dysraphism

definition of, 1737-1742
spinal, 1247, 1737-1742. See also Spinal 

dysraphism.
Dyssegmental dysplasia, 1411, 1411f
Dystocia, in first trimester, 1113
Dystrophic facies, in Miller-Dieker syndrome, 

1226-1227

E
Ear(s)

embryology of, 1166-1167
fetal

abnormalities of, 1178
low-set, 1178, 1180f

short, in trisomy 21, 1134
Early-diastole-to-late-diastole (E/A) ratio, in 

growth restricted fetus, 1484- 
1486

Ebstein anomaly, 1308-1311, 1310f
Echinococcal disease

adrenal, 433
genitourinary, 339, 339f

hepatic, 93-94, 94b, 94f-95f
pediatric, 1819-1820, 1821f

peritoneal, 534-535
of spleen, 156, 157f

Echinococcus granulosus, hepatic infestation by, 
93

Echinococcus multilocularis, hepatic infestation 
by, 94

Echo-ranging, 4, 4f
Echocardiography, fetal

five-chamber view in, 1298-1300, 1302f
four-chamber view in, 1297-1298

apical, 1297-1300, 1301f
subcostal, 1297-1298, 1301f

indications for, 1294, 1297b
M-mode, 1300, 1303f
systematic approach to, 1297-1298
three-vessel and trachea view in, 1298-1300, 

1302f
timing of, 1297

Echogenic halo, in solid nodules, 793, 795f
Echogenic intimal flap, in carotid artery 

dissection, 981-982, 983f
Echogenic lines, nearly parallel, in normal 

carotid wall, 951-952, 952f
Echogenic pattern, finely punctate, of tendons, 

907, 909f
Echogenicity, in liver mass detection, 113
Echovirus, fetal brain development and,  

1234
Echovist, 54-55
Ectasia, aortic, 457
Ectoderm layer, of trilaminar embryonic disc, 

1245, 1246f
Ectopia cordis, 1319, 1320f, 1344-1345,  

1345f
Ectopic pregnancy, 1099-1110

abdominal, 1106-1107
cervical, 1106-1107
cesarean scar implantation of, 1106, 1108f
clinical presentation of, 1100-1101
Doppler confirmation of, 1107-1109
heterotopic gestation and, 1100-1101, 1107, 

1108f
implantation site for, 1105-1107, 

1107f-1108f
infertility and, 1100-1101
interstitial, 1106, 1107f
management of, 1109-1110

conservative, 1110
laparoscopy in, 1109
medical, 1109, 1110f
surgical, 1109

nonspecific findings in, 1103-1105
adnexal mass as, 1104
ectopic tubal ring as, 1104-1105, 

1104f-1106f
free pelvic fluid as, 1105, 1105f
serum β-hCG levels as, 1103-1104

pediatric, 1939-1940, 1940f
prevalence of, 1100
risk of, 1100, 1101b
sonographic diagnosis of, 1101-1105, 1102f
specific findings in, 1101-1103

intrauterine pregnancy diagnosis and, 
1101

live embryo in adnexa as, 1101-1103, 
1103f

pseudogestational sac as, 1101, 1102f
of unknown location, 1109

Ectrodactyly, fetal, 1418f, 1419
Edema

gut, 299, 301f
subcutaneous, fetal, in hydrops, 1427-1429, 

1430f-1431f

Edwards syndrome (trisomy 18), 1135-1136, 
1135b, 1136f. See also Trisomy 18 
(Edwards syndrome).

Ejaculatory ducts, 393f-394f, 396
cysts of, 404
obstructions of, 406
transurethral resection of, 406

Elastography, in prostate cancer, 418
Elastosonography, in thyroid imaging, 

732-733, 733f-734f
Elbow

injection of, 938
pediatric, congenital dislocations of, 2001
tendons of, normal sonographic appearance 

of, 907, 912f
Electronic beam steering, 11
Elevation resolution, 17, 18f
Ellis-van Creveld syndrome, 1407, 1408f, 1410

polydactyly in, 1396
Emboli showers, in pediatric cardiopulmonary 

bypass, transcranial Doppler 
detection of, 1675

Embolism
carotid artery, TIAs from, 952
pulmonary, deep venous thrombosis and, 

1026, 1026f
Embolization, uterine artery, for uterine 

fibroids, 558, 558f
Embolus, renal artery stenosis and, 462-463
Embryo

abnormal, normal-appearing, 1112-1113
anencephaly in, 1112, 1113f
cardiac activity of, normal sonographic 

appearance of, 1084-1086, 1086f
chromosome abnormalities in, 1119-1144. 

See also Chromosome 
abnormalities.

definition of, 1457
demise of

amnion criteria for, 1091-1092, 1095f
cardiac activity and, 1077f, 1090-1091, 

1090t
etiology of, 1089
gestational sac features in, 1091, 

1092f-1094f
pregnancy termination in, 1099
rate of, 1074f, 1088-1089
retained products of conception in, 1099, 

1100f
sonographic diagnosis of, 1089-1092
sonographic predictors of, 1092-1099

amniotic sac abnormalities as, 1099
Doppler and, 1098
embryonic bradycardia as, 1093, 1095f
low human chorionic gonadotropin as, 

1096
mean sac diameter and crown-rump 

length as, 1093, 1095f
subchorionic hemorrhage as, 1096-

1098, 1098f-1099f
yolk sac size and shape as, 1093-1096, 

1096f-1098f, 1101-1103
yolk sac criteria for, 1091-1092

evaluation of, 1110-1113
heartbeat of, in gestational age 

determination, 1456, 1457f, 1457t
intracranial cystic structures in, 1111, 1111f
live in adnexa, 1101-1103, 1103f
normal development of, mimicking 

pathology, 1111-1112, 
1111f-1112f

normal sonographic appearance of, 1043f, 
1084, 1086f

physiologic anterior abdominal wall 
herniation in, 1112, 1112f

renal agenesis in, 1112-1113

Echinococcal disease (Continued)
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size of, discrepancy between dates and, 1113
in yolk sac, 1083f

Embryonal carcinoma, pediatric
ovarian, 1935
testicular, 1955-1956

Embryonal cell tumors, 845, 847f
Embryonal rhabdomyosarcoma, pediatric, 1727

paratesticular, 1959-1961, 1960f
Embryonal sarcoma, undifferentiated, in 

pediatric liver, 1818
Embryonic disc, trilaminar, in spinal 

development, 1245, 1246f
Embryonic period, 1078
Emphaloceles, 1172, 1174f
Emphysema, lobar, congenital, 1281, 1281f
Emphysematous cholecystitis, 183, 204f, 205
Emphysematous cystitis, 341, 343f
Emphysematous pyelitis, 333, 334f
Emphysematous pyelonephritis, 333, 334f

complicating renal transplantation, 670
Empyema(s), pediatric, 1778, 1779f

abscess differentiated from, 1795, 1797f
drainage of, 2001f, 2018-2020
from pneumonia, 1774f
sonographic appearance of, 1769, 1774f
through hepatic window, 1774f

Encephalitis
cytomegalovirus, neonatal, 1621f
pediatric, neurogenic bladder from, 1964

Encephalocele(s)
corpus callosum agenesis and, 1577-1578
fetal, 1212-1214, 1213f

anencephaly differentiated from, 1212
occipital, in Meckel-Gruber syndrome, 

1365, 1366f
sloped forehead in, 1172, 1174f
three-dimensional sonography of, 1569f

Encephaloclastic schizencephaly, 1227
Encephalomalacia, cystic, 1591, 1594f
End diastolic ratio, in internal carotid artery 

stenosis evaluation, 972-974
End diastolic velocity

in assessing degree of carotid stenosis, 
962-964

in mesenteric duplex interpretation, 471
End-stage renal disease, reflux nephropathy 

and, 334
Endarterectomy

carotid
for carotid stenosis, 948
pediatric, transcranial Doppler in, 1675

carotid artery, sonographic features after, 
977, 979f

Endocardial cushion(s), 1297, 1305f
normal development of, 1320

Endocardial cushion defects, 1306-1307
Endocardial fibroelastosis, fetal, 1318-1319, 

1320f
heart block and, 1438

Endocervical canal, normal sonographic 
appearance of, 1529f, 1530

Endocrine disorders, fetal, hydrops from,  
1447

Endocrine tumors, pancreatic, 253-255, 
254f-255f, 254t

Endoderm layer, of trilaminar embryonic disc, 
1245, 1246f

Endodermal sinus tumor(s), 845
pediatric

ovarian, 1935
testicular, 1955-1956
vaginal, 1938-1939, 1939f

Endoluminal graft, in abdominal aortic 
aneurysm repair, endoleaks after, 
455-456, 455f

Endometrial carcinoma, polycystic ovarian 
disease and, 1932

Endometrioid tumors, ovarian, 587-588
Endometrioma(s), 579, 581f

simulating groin hernias, 519, 520f
Endometriosis, 382-383, 383f

in ovaries, 579-580, 580f
in peritoneum, 542, 543f

Endometritis, 568, 568f
in pelvic inflammatory disease, 1940-1941
postpartum, recognition of, 597

Endometrium, 547-548
abnormalities of, 561-569

adhesions as, 566f, 568
atrophy as, 564
carcinoma as, 564-568, 567f
endometritis as, 568, 568f
hematometrocolpos as, 562-563, 563f
hydrometrocolpos as, 562-563
hyperplasia as, 563, 565f
intrauterine contraceptive devices and, 

568-569, 569f
polyps as, 564, 565f-566f

layers of, sonographic appearance of, 552, 
553f

lining of, in menstrual cycle, 1074f
phases of, sonographic appearance of, 552, 

552b, 553f
postmenopausal, 562, 563f
proliferation of, 1073, 1074f
sonographic appearance of, 552, 553f
thickening of, causes of, 561b

Endosonography
of anal canal, 308-313, 311f-313f, 312b
of rectum, 305-307, 306f-311f
of upper gastrointestinal tract, 305

Endotracheal suctioning, of neonate/infant, 
Doppler studies of brain and, 
1643-1644

Endovaginal ultrasound, 1925
Enhancement, 20, 21f
Entamoeba histolytica, hepatic infection by, 

92-93
Enteric cysts, pediatric, 1750
Enteric drainage, in pancreas transplantation, 

640f, 687-688, 693f
Enteric duplication cyst, fetal, 1338, 1340f

ovarian cysts differentiated from, 1383
Enteritis, regional, pediatric, intestinal wall 

thickening in, 1909f
Enterocolitis, necrotizing, pediatric, 1907-

1912, 1911f, 1912b
Entertainment videos, 49-50, 50b
Enthesis, 939
Enthesitis, 925-926
Enthesopathy, 925-926
Eosinophilic gastritis, gastric mucosa thickening 

in, 1896
Ependymomas, neonatal/infant brain and, 

1625-1626
Epidermoid cyst(s)

pediatric
of head and neck, 1716
in suprahyoid area, 1701-1702
testicular, 1957-1958, 1957f

splenic, 146, 154f, 155-156
testicular, 853-854, 853f

Epididymal cystadenomas, pediatric, 1961
Epididymal cysts, pediatric, 1959, 1960f
Epididymis, 841, 841f

cystic lesions of, 864, 865f
fibrous pseudotumor of, 863f, 864
inflammation of, chronic, 863f, 864, 866f
lesions of, 864
papillary cystadenomas of, 863-864
pediatric, 1945

postvasectomy changes in, 864. , 866f
sperm granuloma of, 863f, 864
torsion of, 1947-1948

Epididymitis
acute, scrotal pain from, 864-866, 869, 

870f-871f, 1951, 1952f
chronic, 863f, 864, 866f
pediatric

chronic, 1952
on color flow Doppler ultrasound, 1952b
orchitis and, 1952

Epididymo-orchitis
acute scrotal pain from, 864-866, 869, 

870f-872f
testicular torsion from, 867, 868f

Epidural hematomas, neonatal/infant, 1618
Epignathus, 1189-1191
Epinephrine, secretion of, 431
Epiphyses, stippled, 1410
Epithelial cell tumors, ovarian, pediatric, 

1934-1935
Epithelioid hemangioendothelioma, hepatic, 

130
Epstein-Barr virus

diffuse lymphadenopathy in, 1721, 1724f
posttransplant lymphoproliferative disorder 

and, 700
Erb’s palsy, pediatric, 2000-2001
Erythema, in deep venous thrombosis, 1026
Erythroblastosis fetalis, 1431-1432. See also 

Hydrops, immune.
Esophageal cysts, pediatric, 1713
Esophageal pouch, distended, in fetus, 1330f
Esophagus

carcinoma of, staging of, endosonography in, 
305

fetal, atresia of
absent stomach and, 1329, 1330f
ureteropelvic junction obstruction and, 

1372
parathyroid adenomas confused with, 763
pediatric

anatomy of, 1891
sonographic technique for, 1891

Estrogen, uterine fibroids and, 556-557
Ethanol ablation

percutaneous, of cervical nodal metastasis 
from papillary carcinoma, 
737-739, 738f

for secondary or recurrent 
hyperparathyroidism, 768-769, 
768f

for thyroid nodules
autonomously functioning, 736-737
benign functioning, 735-736, 736f
solitary solid benign “cold”, 737

Ethmocephaly
in alobar holoprosencephaly, 1584-1585
hypotelorism and, 1172

European Carotid Surgery Trial, 948
Ex utero intrapartum treatment (EXIT) 

procedure, for congenital high 
airway obstruction, 1282

Ex utero intrapartum treatment procedure, for 
cervical teratoma, 1189-1191

Exencephaly, 1210-1212, 1247
Exercise, blood flow pattern in lower extremity 

peripheral artery disease and,  
1004

Exorbitism
craniosynostosis and, 1169
hypertelorism with, in Pfeiffer syndrome, 

1177f
Expected date of delivery, determination of, 

1047-1056

Embryo (Continued) Epididymis (Continued)
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Extensor tendon
of elbow, 907, 912f
of finger, rheumatoid tenosynovitis of,  

926f
Extracorporeal membrane oxygenation

complications of, 1606
in neonates/infants, Doppler studies of brain 

and, 1644-1645, 1645f-1646f
Extracorporeal shockwave lithotripter, evidence 

of cavitation from, 42-43
Extravaginal testicular torsion, 1948-1949, 

1949f
Extremity(ies). See also Limb and Limb entries.

anomalies of, nomenclature of, 1397f
fetal

measurements of, 1390-1393
routine sonographic views of, 1054f

lower, right, amputation of, in amniotic 
band sequence, 1414f

Exudates, pleural, sonographic appearance of, 
1769

F
Face

abnormalities of, associated with 
craniosynostosis, 1169

cleft, midline, in trisomy 13, 1137f
fetal, 1166-1196

changes in, with holoprosencephaly, 
1220b

embryology and development of, 
1166-1167, 1167f

forehead abnormalities in, 1170f, 1172, 
1172b, 1173f-1174f

hemangioma of, 1188, 1190f
lower, abnormalities of, 1184-1188

macroglossia as, 1184, 1184b, 1187f
micrognathia as, 1188, 1188f
retrognathia as, 1188

midface abnormalities of, 1178-1184. See 
also Midface abnormalities.

normal, sonography of, 1167, 1168f
orbital abnormalities in, 1172-1178. See 

also Fetus, orbits of, abnormalities 
in.

routine sonographic views of, 1045
soft tissue tumors of, 1188, 1190f

Facial nerve, pediatric, anatomy of, 1691-1692
Facies, flattened, in aneuploidy screening,  

1127
Falciform ligament, 81, 83f

pediatric, 1800-1801, 1801f-1802f
Fallopian tube(s), 548, 571-572

carcinoma in, 594-595
pediatric

in pelvic inflammatory disease, 1940-
1941, 1941f

torsion of, 1930-1932
Falx sign, bright, in osteogenesis imperfecta 

type II, 1403-1404
Familial hypercholesterolemia, xanthomas in 

Achilles tendon in, 927
Familial hypocalciuric hypercalcemia, primary 

hyperparathyroidism distinguished 
from, 752

Familial juvenile nephronophthisis, 369-371
Family history, multifetal pregnancy incidence 

and, 1146
Fanconi pancytopenia, 1412, 1416f
Far field, of beam, 8-9
Fasciitis, plantar, injection for, 941, 942f
Fascioliasis, 184, 185f-186f
Fat, creeping, in Crohn’s disease, 273, 

275f-276f
Fat-fluid level, in breast cysts, 810-813, 

813f-814f

Fat necrosis
complicating injectable steroids, 937
simulating anterior abdominal wall hernias, 

520, 521f
Fatty liver, 95-96, 97f-98f
Fecal incontinence, anal endosonography in, 

308, 311f
Fecaliths, in acute appendicitis, 1912, 1914f
Feminization, testicular, 1382

primary amenorrhea in, 1942
Feminizing adrenal tumors, pseudoprecocious 

puberty and, 1943
Femoral artery

arteriovenous fistula in, 1002f
common, 1001f, 1003-1004

stenosis of, from arterial closure device, 
1019f

deep, 1003-1004
Doppler waveform analysis of, in 

intrauterine growth restriction, 
1482, 1484f

pseudoaneurysm in, 998
superficial, 1001f, 1003-1004

occlusion of, 998
stenosis of, 999f

Femoral hernias, 497-499, 499f-500f. See also 
Hernia(s), femoral.

Femoral vein, 1025f, 1026
common, 1025-1026, 1025f
compression of, by hematoma, 1001, 1002f
deep, 1025-1026, 1025f
waveforms in, suggesting arteriovenous 

fistula, 1014-1015, 1016f
Femoral vein phasicity, 477, 478f-479f
Femur

fetal
deficiency of, proximal focal, 1411-1412
hypoplasia of, in caudal regression, 1267
length of

assessment of, 1390, 1392f
versus biparietal diameter in 

heterozygous achondroplasia, 
1408, 1409f

in gestational age determination, 
1458-1459, 1460f, 1460t

in second-trimester biometry, 1048f
short

etiology of, 1394
in trisomy 21, 1132

subtrochanteric, absence of, 1411-1412
pediatric

head of
in dynamic hip assessment, 1984
ossification center of, 1985
position of, in evaluation of infant at 

risk, 1991
in sonogram of hip from transverse/

flexion view, 1989-1991
Femur-fibula-ulnar complex, 1411-1412
Femur/foot length ratio, 1393
Femur-tibia-radius complex, 1411-1412
Fertilization, 1075, 1075f

in vitro, multifetal pregnancy incidence and, 
1145

Fetal akinesia sequence, 1413
Fetal artery, aberrant, sirenomelia from, 1267
Fetal echocardiography, indications for, 1294, 

1297b
Fetal endoscopic tracheal occlusion, for 

congenital diaphragmatic hernia, 
1290

Fetal fibronectin, in prediction of spontaneous 
preterm birth, 1533

Fetal hemoglobin deficit, immune hydrops and, 
1431-1432

Fetal hydrops, 1424-1454. See also Hydrops.

Fetal period, 1078
Fetal renal hamartoma, 1873-1874
Fetal therapy, cervical assessment and, 1538
Fetomaternal hemorrhage, diagnosis of, middle 

cerebral artery peak systolic 
velocity in, 1490-1491

Fetomaternal transfusion, maternal serum 
alpha-fetoprotein elevation in, 
1256

Fetter syndrome, craniosynostosis in, 1169
Fetus

abdominal wall of, 1338-1346. See also 
Abdominal wall, fetal.

adrenal glands of
masses in, 1368, 1368f
normal, 1368, 1368f

anorectal atresia in, 1336
assessment of, for alloimmunization, 1433
biliary system of, 1331-1333, 1333f-1334f
brain of, 1197-1244. See also Brain, fetal.
chest of, 1273-1293. See also Chest, fetal.
circulation of, Doppler surveillance of, 

1472-1473
colon of, 1334-1338, 1337f
death of

echogenic bowel and, 1338
maternal serum alpha-fetoprotein 

elevation in, 1256
definition of, 1457
ears of

abnormalities of, 1178
embryology of, 1166-1167

enteric duplication cyst in, 1338, 1340f
face of, 1166-1196. See also Face, fetal.
foot of, deformities of, 1415-1420
genital tract of, 1380-1383. See also Genital 

tract, fetal.
growth of

abnormalities of, 1464-1469
assessing, 1047-1055
curves depicting, 1464, 1464f
restriction of, 1466-1469. See also 

Intrauterine growth restriction 
(IUGR).

hand of, deformities of, 1415-1420
head of. See Head, fetal.
heart of, 1294-1326.

 See Heart, fetal.
hydrocephalus in, diagnosis of, 1592-1595
imaging of, keepsake, 49-50, 50b
invasive procedures for, ultrasound-guided, 

1543-1555
large-for-gestational age, 1464-1466

diabetic mothers and, 1465-1466
incidence of, 1464-1465
sonographic criteria for, 1465t-1466t

liver of, 1329-1331, 1332f
lung maturity in, amniocentesis for, 1544
magnetic resonance imaging of, 1057, 1058f
maldevelopment of, limb–body wall complex 

caused by, 1345
malformations of, routine ultrasound 

screening for, diagnostic accuracy 
of, 1056-1057

measurements of, 1455-1471
in gestational age determination, 

1455-1462
in first trimester, 1456-1457, 

1456f-1457f, 1456t, 1458t
in second and third trimesters, 

1457-1461, 1458f-1461f, 
1459t-1460t

meconium peritonitis in, 1338, 1338b, 
1339f

meconium pseudocyst in, 1338, 1339f
megacystis in, 1374, 1374b, 1374f
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movements of, musculoskeletal development 
and, 1390

musculoskeletal system of, 1389-1423. See 
also Musculoskeletal system, fetal.

neck of. See Neck, fetal.
normal sonographic appearance of, 1043f
orbits of, 1172-1178. See also Orbits, fetal.
pancreas of, 1334
presentation of, determination of, 1045-

1046, 1047f
reduction of, in multifetal pregnancy, 

1160-1161, 1549
complications of, 1549
indications for, 1549
technique for, 1549

situs of, determination of, 1045-1046, 1047f
small bowel of, 1334-1338, 1335f-1336f
small-for-gestational age, 1466, 1473-1474
spine of, 1245-1272. See also Spine, fetal.
spleen of, 1334
stomach of, 1327-1329, 1328f, 1329b, 

1330f-1331f, 1330t
surgery on, ultrasound-guided, 1551-1552, 

1552f
surveillance of, 1472-1498. See also 

Surveillance, fetal.
transfusion for, 1549
urinary tract of, 1353-1357. See also Urinary 

tract, fetal.
urogenital tract of, 1353-1388
weight of

assessment of, in relation to gestational 
age, 1463-1464, 1463t, 1464f

estimation of, 1462-1463
versus gestational age, 1464, 1464f
percentile of, versus gestational age, 

1464, 1464f
recommended approach to, 1463, 

1463t
Fibrillar echotexture, of tendons, 907, 908f
Fibrinous peritonitis, 528f
Fibrochondrogenesis, 1407
Fibroelastosis, endocardial, fetal, 1318-1319, 

1320f
heart block and, 1438

Fibroids, uterine, 556-558, 556b, 557f-558f, 
558b

in first trimester, 1114
Fibrointimal hyperplasia, venous bypass graft 

stenosis from, 1011-1013
Fibrolamellar carcinoma, 129
Fibrolipomas, of filum terminale, pediatric, 

1745, 1748f-1749f
Fibroma(s)

bladder, pediatric, 1969-1970
cardiac, fetal, 1318
gastrointestinal, endosonographic 

identification of, 305
ovarian, 591-592, 592f
simulating anterior abdominal wall hernias, 

522, 522f
Fibromatosis, ovarian edema differentiated 

from, 1932-1933
Fibromatosis coli, 1721-1725, 1726f

pediatric, 2002-2003, 2003f
Fibromuscular dysplasia

carotid flow disturbances in, 962
of internal carotid artery, 979-981, 981f
renal artery stenosis and, 461, 463f

Fibronectin, fetal, in prediction of spontaneous 
preterm birth, 1533

Fibrosarcoma(s), simulating anterior abdominal 
wall tumors, 522, 522f

Fibrothorax, sonographic appearance of, 1769
Fibrous pseudotumor, epididymal, 863f, 864

Fibrous sheaths, 902-903
Field of view, in obstetric sonography, 1062
Filar cyst, in newborn, 1735, 1738f
Filariasis, 339
Filling defect, persistent, in deep venous 

thrombosis, 1029
Filum terminale, in pediatric spine, 1735, 

1737f
fibrolipomas of, 1745, 1748f-1749f
tight, 1745, 1749f

Finger(s)
syndactyly of, in triploidy, 1138f
tendons of, normal sonographic appearance 

of, 908-910, 913f-915f
Finite amplitude distortion, in soft tissue, 37, 

38f
Finnish nephrosis, hyperechogenic kidneys in, 

1366-1367
Fistula(s)

arteriovenous. See Arteriovenous (AV) 
fistulas.

bladder, 342, 343f
cholecystoenteric, 183
choledochoduodenal, 183
in Crohn’s disease, 278-280, 281f-282f
dialysis, 1013-1014, 1014f
dorsal enteric, pediatric, 1750
in imperforate anus, 1905
perianal, perianal inflammatory disease in, 

310
tracheoesophageal, fetal

congenital high airway obstruction with, 
1281-1282

in VACTERL sequence, 1329
vesicocutaneous, 342
vesicoenteric, 342
vesicoureteral, 342
vesicovaginal, 342

Fistulous communications, complicating 
invasive peripheral artery 
procedures, 1014-1015, 1016f

Fitz-Hugh-Curtis syndrome, pediatric, 1942
Flash artifact, 57
Flexor digitorum profundus muscle, tendons 

of, normal sonographic appearance 
of, 907-908

Flexor digitorum superficialis muscle, tendons 
of, normal sonographic appearance 
of, 907-908

Flexor hallucis longus tendon, injection of, 
941, 941f

Flexor muscles, of elbow, 907
Flexor tendons, of fingers, 913f, 915f
Fluid, in neonatal/infant brain imaging,  

1559
Fluorescence in situ hybridization, for amniotic 

fluid analysis, 1543
Fluorescent in situ hybridization, in hydrops 

diagnosis, 1448
Fluoroscopic guidance, for drainage catheter 

placement, 626
Focal depth, in obstetric sonography, 1062
Focal nodular hyperplasia, 118-119, 119f-121f

characterization of, with microbubble 
contrast agents, 112f, 113, 114t

hepatic, pediatric, 1814
Focused abdominal sonography for trauma 

(FAST), 527
in children, 1841

Folic acid, in spina bifida prevention, 
1253-1255

Follicular adenomas, thyroid, pediatric, 
1709-1710, 1710f

Follicular carcinoma, of thyroid, 709f, 720, 
721b, 725f

pediatric, 1710-1711

Follicular cysts, 573, 575-576
pediatric, 1930

Fontanelle
anterior

compression of, in hydrocephalus, resistive 
index and, 1647-1648, 1648f

neonatal/infant brain imaging through, 
1559, 1560f

coronal planes in, 1560f
Doppler, 1637, 1639f

Doppler, 1637, 1638f
sagittal planes in, 1564f

mastoid, neonatal/infant brain imaging 
through, 1559, 1565f, 1566-1567, 
1567f

Doppler, 1638, 1640f
posterior, neonatal/infant brain imaging 

through, 1559, 1564-1566, 
1565f-1566f

posterolateral, neonatal/infant brain imaging 
through, Doppler, 1638, 1640f

Foot (feet)
fetal

deformities of, 1415-1420
length of, measurement of, 1393, 1393f
rocker-bottom, 1418f, 1420
in skeletal dysplasias, 1396

injection of, 938
superficial peritendinous and periarticular, 

939-941, 942f
pediatric, congenital anomalies of, 

2001-2002
tendons of, normal sonographic appearance 

of, 909f, 916-918
Foramen magnum approach

for Doppler imaging of neonatal/infant 
brain, 1638, 1640f

for transcranial Doppler, 1655-1657, 1658f
Foramen of Bochdalek, diaphragmatic hernia 

through, 1285
Foramen of Magendie, neonatal/infant, in 

mastoid fontanelle imaging, 
1566-1567

Foramen ovale, 1297, 1298f, 1305, 1305f
in fetal circulation, 1472
sonographic appearance of, 1305-1306, 

1307f
Foraminal flap, sonographic appearance of, 

1302f, 1307f
Foregut cysts, pediatric, 1713
Foregut malformations, bronchopulmonary, 

pediatric, 1791, 1793f
Forehead, fetal, abnormalities of, 1170f, 1172, 

1172b, 1173f-1174f
Foreign body(ies)

atelectasis from, 1783f
in gastrointestinal tract, 304
musculoskeletal, 2000, 2000f
pediatric vaginitis from, 1942

Fornices
fetal, normal sonographic appearance of, 

1199
in lobar holoprosencephaly, 1218

Fournier’s gangrene, 869
pediatric, 1955

Fracture(s)
fetal, in skeletal dysplasias, 1392f, 1395
pediatric

metaphyseal, 1999-2000
rib, 1798

Frame rate
in obstetric sonography, 1062
in renal artery duplex Doppler sonography, 

463
Fraser syndrome, laryngeal atresia in, 1281
Fraunhofer zone, of beam, 8-9

Fetus (Continued)
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Frequency(ies)
band of, 8
of sound, 2-3

Frequency compounding, 8
Frequency spectrum bandwidth, 8
Fresnel zone, of beam, 8-9
Frontal bossing, 1170f, 1172, 1172b

in skeletal dysplasias, 1396
Frontal horns, of ventricles

in Chiari II malformation, 1576-1577, 
1577f, 1579f-1581f

in corpus callosum agenesis, 1578, 
1583f-1585f

neonatal/infant
in coronal imaging, 1560, 1560f-1561f
cysts of, 1571-1572, 1572f, 1629

Frontonasal prominence, 1166
Frontothalamic distance, in trisomy 21, 1133
Fryn syndrome, congenital diaphragmatic 

hernia in, 1287
Fukuyama syndrome, cobblestone lissencephaly 

in, 1227
Fundus, uterine, 547-548
Fungal diseases

genitourinary, 338
hepatic, 81t, 91-92, 92f

Fungus balls
in collecting system, 338, 338f
formation of, in neonatal candidiasis, 

1864-1865

G
Gadopentetate dimeglumine, as pregnancy 

category C drug, 1057
Galactography, 817-818
Gallbladder, 197-213

absent or small, in biliary atresia, 1805
adenomas of, 210-211, 212f
adenomyomas of, 210-211, 211f
adenomyomatosis of, 208-209, 209f-210f
agenesis of, 197-198
anatomy of, 197-200, 199f
atresia of, 1331-1333
biliary sludge and, 201, 202f
calcification of, 208, 208f
carcinoma of, 212-213, 213f
cholecystitis and. See Cholecystitis.
duplication of, 198-200
fetal, 1331-1333, 1333f

enlarged, 1333
sludge in, 1333, 1333f

gallstone disease of, 200-201, 200f
hepatization of, 201
intrahepatic, 197, 199f
malignancies of, 211-212
milk of calcium bile and, 201, 201f
pediatric, wall thickening in, 1811-1813
perforated, 204f, 205
polyps of, 209b, 212f

cholesterol, 209-210, 212f
inflammatory, 210-211

porcelain, 208, 208f
small, in biliary atresia, 1807
sonographic nonvisualization of, causes of, 

197-198, 198b
sonography of, 200
torsion (volvulus) of, 208
variants of, normal, 197-200
wall of

hyperemia in, in acute cholecystitis, 
203-204, 203f

thickening of
causes of, 203, 205b, 206f
in children, 1811-1813

Gallstone disease, 200-201, 200f
gallbladder wall thickening in, 203

Gallstone ileus, 183
Gallstones

acute pancreatitis from, 227
fetal, 1333, 1333f
pediatric, 1811-1813, 1813f

diseases associated with, 1813b
Gamna-Gandy bodies, in spleen, 164
Ganglion cyst(s)

pediatric, 2000
of tendons, 927, 930f

injections for, 943, 945f
Ganglioneuromas, adrenal, 437-438
Gangrene, Fournier’s, 869

pediatric, 1955
Gangrenous appendix, pediatric, 1912, 1916f
Gangrenous cholecystitis, 204f, 205
Gartner’s cyst, pediatric, 1939
Gartner’s duct cysts, 570-571
Gas, free intraperitoneal, in acute abdomen, 

283-284
Gas bubbles

free, as contrast agents, 54
low-solubility, as contrast agents, 55, 55f

Gastric duplication cyst, pediatric, 1917f
Gastric vein, left, pediatric

Doppler studies of, best approach for, 1824
flow direction in, in portal hypertension, 

1824, 1826-1827, 1828f
in intrahepatic portal hypertension, 1833

Gastritis, eosinophilic, gastric mucosa 
thickening in, 1896

Gastrocolic trunk, pancreatic head and, 219
Gastroduodenal artery, pancreatic head and, 

218, 218f
Gastroesophageal reflux, sonographic detection 

of, 1891, 1892f
Gastrointestinal atresia, fetal

bowel echogenicity in, 1335f, 1338
dilated fetal stomach differentiated from, 

1329
Gastrointestinal tract, 261-316. See also specific 

organ, e.g. Colon.
acute abdomen and, 282-296. See also Acute 

abdomen.
anatomy of, 261-266
bezoars and, 303-304
in celiac disease, 304-305
Crohn’s disease in, 272-282. See also Crohn’s 

disease.
in cystic fibrosis, 305
cysts of, congenital, 301, 302f
endosonography of, 305-313

of anal canal, 308-313, 311f-313f, 312b
of rectum, 305-307, 306f-311f
of upper gastrointestinal tract, 305

fetal, 1327-1352. See also specific organ, e.g. 
Stomach, fetal.

anomalies of, hydrops from, 1432f, 1442, 
1442f

foreign bodies in, intraluminal, 304
gut edema and, 299, 301f
gut signature and, 261-262, 262t
hematoma of, 303
infections of, 300
ischemic bowel disease and, 301-303
layers of, 261, 262b, 262f-263f
masses of, 596-597
mechanical bowel obstruction in, 296-299, 

297f. See also Mechanical bowel 
obstruction (MBO).

mucocele of appendix and, 303, 304f
neoplasms of, 266-272

adenocarcinoma as, 266-269, 268f-269f
lymphoma as, 269-271, 271b, 271f
metastatic, 271-272, 272f
stromal tumors as, 269, 270f

paralytic ileus and, 298f, 299
pediatric, 1891-1924. See also specific organ, 

e.g. Stomach, pediatric.
cysts of, 1915, 1917f
inflammation of, sonography in, 

1973-1975
neoplasms of, 1916-1918, 1918f-1919f
obstruction of, sonography in, 1971

peptic ulcer and, 303, 304f
pneumatosis intestinalis and, 303, 303f
pseudomembranous colitis and, 300-301, 

302f
sonographic technique for, 263-265, 266f

Gastroschisis, 1341-1343
fetal, 1341-1343, 1342f
maternal serum alpha-fetoprotein elevation 

in, 1256
Gastrulation, 1078

in spine embryology, 1733-1734
Gaucher’s disease, spleen in, 164, 165f
Gender

fetal, identification of, 1380, 1381f
in multifetal pregnancy, chorionicity and, 

1148
Genetic disorders, fetal, hydrops from, 1447
Genetic testing

amniocentesis for
chorionic villus sampling compared with, 

1544t
timing of, 1544

chorionic villus sampling for, 1545
Genital tract, fetal, 1380-1383

genitalia and. See Genitalia, fetal.
hydrometrocolpos and, 1382-1383
ovarian cysts and, 1383, 1383f

Genitalia
ambiguous, 1380-1381, 1382f
fetal

abnormal, 1380-1382
normal, 1380, 1381f

Genitourinary tract, 317-391. See also Bladder ; 
Kidney(s) ; Urinary tract.

abnormalities of, in Miller-Dieker syndrome, 
1226-1227

anatomy of, 319-321, 320f-322f
bladder diverticula and, 383f, 384
congenital anomalies of

bladder development and, 328-329
kidney ascent and, 324
kidney growth and, 323
ureteral bud and, 324-327
urethral development and, 329
vascular development and, 327-328

duplex collecting system in, 325-326, 
326f-327f

embryology of, 318-319, 318f-319f
infections of, 329-341

acquired immunodeficiency syndrome 
and, 340, 340f-341f

alkaline-encrusted pyelitis as, 332
cystitis as, 340-341
fungal, 338
papillary necrosis as, 336, 336b, 337f
parasitic, 338-339

echinococcal disease as, 339, 339f
filariasis as, 339
schistosomiasis as, 338-339, 339f

pyelonephritis as, 329-336. See also 
Pyelonephritis.

tuberculosis as, 336-338, 337f-338f
medical diseases of, 380-383

acute cortical necrosis as, 380-381, 383f
acute interstitial nephritis as, 381
acute tubular necrosis as, 380
amyloidosis as, 381-382

Gastrointestinal tract (Continued)
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diabetes mellitus as, 381
endometriosis as, 382-383, 383f
glomerulonephritis as, 381, 382f
interstitial cystitis as, 383, 383f

neurogenic bladder and, 383-384, 384f
postsurgical evaluation of, 384-385
sonographic technique for, 321-322
stones in, 342-346
trauma to, 374-376
tumors of, 348-366

adenocarcinoma as, 360
angiomyolipoma as, 360-362, 361f-362f
leukemia as, 362
lymphoma as, 362. See also Lymphoma(s).
metastatic, 363-364
oncocytoma as, 360
rare, 365-366
renal cell carcinoma as, 348-354. See also 

Renal cell carcinoma (RCC).
squamous cell carcinoma as, 360
transitional cell carcinoma as, 354-360. 

See also Transitional cell carcinoma 
(TCC).

urachal adenocarcinoma as, 364-365
vascular abnormalities of, 376-380. See also 

under Renal artery(ies), Renal 
vein(s).

arteriovenous fistula and malformation as, 
377-378, 378f

ovarian vein thrombosis as, 380
renal vascular Doppler sonography and, 

376-377
Geography, multifetal pregnancy incidence 

and, 1146
Germ cell tumors

ovarian, 588-590, 588b, 589f-591f
pediatric, 1934-1935

testicular, 844-846
“burned-out”, 848-849, 849f

Germinal epithelium, 548
Germinal matrix, neonatal/infant, development 

of, 1573-1574, 1574f
Germinal matrix hemorrhage, hypoxic-ischemic 

injury in premature infant and, 
1596-1599, 1597t

Gerota fascia, 321
Gestational age

alpha-fetoprotein levels versus, 1258f
calculation of, 1073
cervical length and, 1530-1531, 1531f
definition of, 1455
determination of

accuracy of, 1460-1461, 1460f
composite formulas for, 1460-1461, 1460f
fetal measurements for, 1041-1042, 

1041b, 1455-1462
age assignment and, 1461-1462, 1461t
in first trimester, 1456-1457, 

1456f-1457f, 1456t-1458t
in second and third trimesters, 

1457-1461, 1458f-1461f, 
1459t-1460t

routine ultrasound screening in, 
1047-1056

estimation of
biparietal diameter in, 1088
crown-rump length in, 1088
in first trimester, 1087-1088
gestational sac size in, 1088

extremity long-bone lengths and biparietal 
diameters at, 1391t

fetal weight assessment in relation to, 
1463-1464, 1463t, 1464f

kidney length versus, 1850f
thermal effects of ultrasound and, 1063

thoracic circumference and length correlated 
with, 1276t

usage of term, 1197
Gestational sac, 1042f

β-hCG levels and, 1079-1080
in embryonic demise, 1091, 1092f-1094f
identification of, in gestational age 

determination, 1456, 1456f,  
1457t

mean diameter of
crown-rump length and, predicting 

abnormal outcome, 1093, 1095f
in gestational age determination, 1456, 

1456t
normal sonographic appearance of, 

1078-1082, 1079f-1082f
size of, in gestational age estimation, 1088

Gestational trophoblastic neoplasia (GTN), 
598-605

myometrial arteriovenous malformations 
from, 560

Ghost triad, in biliary atresia, 1807, 1808f
Giant-cell tumor(s)

of tendons, 927
in tuberous sclerosis, 1231f

Giant pigmented nevi, choroid plexus 
papillomas in, 1238

Glenohumeral joint, injection of, 938-939, 
939f

Glial scarring, in periventricular leukomalacia, 
1612

Glioependymal cysts, cavum veli interpositi 
cysts differentiated from, 
1202-1206

Gliomas, hypothalamic, precocious puberty 
and, 1942-1943

Glisson’s capsule, 81
Glomerulonephritis, 381, 382f

pediatric, 1845, 1865
Glomus, choroid plexus, neonatal/infant, 

development of, 1572, 1573f
Glucocorticoid, secretion of, 431
Glucose, plasma levels of, high, neural tube 

defects from, 1247
Glucose-6-phosphate dehydrogenase (G6PD) 

deficiency, fetal, hydrops from, 
1444-1446

Glutaric aciduria type I, 1595-1596
Glycogen storage disease (GSD)

fetal, liver enlargement in, 1329
liver in, 96-97
pediatric

type I, hepatic adenomas in, 1814
tyrosinemia and, 1810f

Glycogenosis, nephrocalcinosis with, 1870f
Goiter(s), 712

adenomatous, sonographic appearance of, 
745

fetal, 1191, 1193f
multinodular, 729, 729f

in children, 1710, 1711f
parathyroid adenoma detection and, 

763-764
sonographic appearance of, 745

Goldenhar syndrome, clefts of secondary palate 
in, 1184

Gonadal dysgenesis, 1942
Gonadal stromal tumors, testicular, 846-848, 

848f
Gonadal veins, anatomic variants of, 476
Gonadoblastoma(s), 846

pediatric, 1935
in dysplastic gonads, 1955, 1957-1958

Gonads, differentiation of, sonography in, 
1942

Gonococcal perihepatitis, complicating 
pediatric pelvic inflammatory 
disease, 1942

Gorlin syndrome, fibroma and, 591-592
Gouty tophi, in tendons, 927
Graafian follicle, 1073
Graft(s)

bypass. See Bypass grafts.
dialysis access, 1013-1014, 1014f

Graft-versus-host disease, pediatric, intestinal 
wall thickening in, 1907, 1911f

Granuloma(s)
pediatric, hepatic, 1820
silicone, in extracapsular breast implant 

rupture, 821-822, 823f
sperm, 863f, 864
splenic, pediatric, 1842f
stitch, after herniorrhaphy, 512-513, 514f

Granulomatous cystitis, pediatric, 1967-1969
Granulomatous disease, chronic

gastric mucosa thickening in, 1896
pediatric, intestinal wall thickening in,  

1908f
Granulosa cell tumors, ovarian, 590-591
Granulosa theca cell tumor, ovarian, pediatric, 

1935
Graves’ disease

fetal goiter in, 1191
pediatric, 1708, 1709f

Gray-scale median level, for echolucency of 
plaque, 954

Gray-scale velocity plot, 957
Great vessels, fetal, short-axis view of, 1298, 

1302f
Green-tag feature, in color Doppler, 964-967
Groin

definition of, 486
hernias of. See also Hernia(s), groin.

dynamic ultrasound of, 486-523
Growth

fetal
abnormalities of, 1464-1469
curves depicting, 1464, 1464f
restriction of, 1466-1469. See also 

Intrauterine growth restriction 
(IUGR).

intrauterine
restricted

in triploidy, 1138f
in trisomy 18, 1135-1136

restriction of. See Intrauterine growth 
restriction (IUGR).

Growth discordance, in multifetal pregnancy, 
1153

GSD. See Glycogen storage disease (GSD).
Guidewire exchange technique, for drainage 

catheter placement, 626
Gut

herniation of, physiologic, in fetus, 
1338-1340, 1341f

primitive, 1082
strictures in, in Crohn’s disease, 275-277, 

278f-279f
Gut edema, 298f, 299
Gut signature, 261-262, 262t
Gut wall

Doppler evaluation of, 265-266, 267f
masses in, 262-263, 265f
pathology of, 262-263
thickening of

in Crohn’s disease, 273, 274f
pathologies related to, 262

Gynecology, 547-612
cesarean section complications in, 597-598, 

599f
fallopian tubes and, 593-595
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gestational trophoblastic neoplasia in, 
598-605

nongynecologic pelvic masses and, 596-597
ovary in, 572-593. See also Ovary(ies).
pelvic anatomy and, 547-549, 548f
persistent trophoblastic neoplasia and, 

601-605. See also Persistent 
trophoblastic neoplasia (PTN).

postpartum pelvic pathologic conditions in, 
597-598

rectouterine recess and, 571-572
sonographic methods in, 549-550
vagina and, 570-571

Gynecomastia, in testicular choriocarcinoma, 
845-846

Gyral interdigitation, in Chiari II 
malformation, 1576-1577, 1580f

Gyri
abnormalities of, in lissencephaly, 1226
development of, 1197-1198

H
Hamartoma(s)

biliary, 87, 87f-88f
fetal

hepatic, 1331
renal, 1873-1874

hypothalamic, precocious puberty and, 
1942-1943

pediatric, mesenchymal, 1814
splenic, 163, 164f
testicular, 850-852, 852f
in tuberous sclerosis, 1231f

Hand(s)
clenched, in trisomy 18, 1135-1136, 1136f
fetal

amputation of, in amniotic band 
sequence, 1414f

deformities of, 1415-1420
persistent clenched, 1416
in skeletal dysplasias, 1396

injection of, superficial peritendinous and 
periarticular, 941-942

palm of, tendons of, 908, 927
tendons of, normal sonographic appearance 

of, 907, 913f-915f
Handedness, obstetric sonography, 1067
HARD-E, cobblestone lissencephaly in, 1227
Harmonic imaging, 58-65

B-mode, 60
of biliary tree, 175, 175f
compromises forced by, 62, 63f
spectral, 60-61
of terminal ductolobular units of breast, 

780-781
tissue, 14, 15f, 37-38, 61-62

Harmonic Power Angio, 66
Harmonics, generation of, 14, 14f
Hartmann’s pouch, 197
Hashimoto’s thyroiditis, 742, 743f-745f

fetal goiter and, 1191
pediatric, 1708, 1708f

HCC. See Hepatocellular carcinoma (HCC).
Head

fetal
abnormalities of

in shape, 1167-1172, 1170f
craniosynostosis as, 1169-1171, 

1169b, 1170f-1171f
wormian bones as, 1171, 1172f

in size, 1167-1168
circumference of

in gestational age determination, 
1457-1458, 1458f-1459f

in second-trimester biometry, 1048f

measurements of, in gestational age 
determination, 1457-1458, 1457f

routine sonographic views of, 1049f
and neck, cancer of, pediatric, 1725-1726, 

1726f-1727f
oblong, 1169
pediatric, lesions of, sclerotherapy for, 2028, 

2030f
Healing response, impaired, complicating 

injectable steroids, 937
Heart

defects of, congenital
thickened nuchal translucency in, 

1127-1129
in trisomy 21, 1129-1130, 1130f, 1133

disease of
carotid flow waveforms and, 970, 972f
congenital

congenital diaphragmatic hernia and, 
1287

in Miller-Dieker syndrome, 1226-1227
ureteropelvic junction obstruction and, 

1372
ischemic, 447

echogenic focus in, in trisomy 21, 1132, 
1133f

embryonic
activity of, normal sonographic appearance 

of, 1084-1086, 1086f
beating of, in gestational age 

determination, 1456, 1457f, 1457t
failure of, congestive, with tetralogy of 

Fallot, 1312
fetal, 1294-1326

arrhythmias of, 1320-1322
bradycardia as, 1321, 1321f
congenital heart block as, 1321-1322
premature atrial and ventricular 

contractions as, 1320
tachycardia as, 1320-1321, 1321f

assessment of, in second-trimester scan, 
1045-1046

atrioventricular valves of, 1297-1298
axis of, 2, 1274

abnormal, mortality rate with, 1297
diagram of, 1473f
dimensions of, 1299f
disease of, congenital

recurrence risks in siblings for, 1296t
risk factors associated with, 

1295t-1296t
Doppler assessment of

color, 1300, 1304f
pulsed, 1300, 1304f
three-dimensional and four-

dimensional, 1300-1305
dysfunction of, from Ebstein anomaly, 

1309-1310
failure of, in sacrococcygeal teratoma, 

1269
malformations of, with atrioventricular 

septal defect, 1308
normal anatomy of, 1294-1305

four-chamber view of, 1294
position of, 1274, 1297

abnormal, mortality rate with, 1297
routine sonographic views of, 1045
scanning techniques for, 1294-1305. See 

also Echocardiography, fetal.
situs of, 1274
structural anomalies of, 1305-1319

anomalous pulmonary venous return as, 
1314-1315, 1315f

aortic stenosis as, 1316
atrial septal defect as, 1305-1306, 1306f

atrioventricular septal defect as, 
1306-1308, 1310f

cardiomyopathy as, 1318-1319, 1319f
cardiosplenic syndrome as, 1316-1317, 

1317b
coarctation of aorta as, 1315-1316, 

1316f
double-outlet right ventricle as, 

1312-1313, 1313f
Ebstein anomaly as, 1308-1311, 1310f
ectopia cordis as, 1319, 1320f
hydrops from, 1436
hypoplastic left heart syndrome as, 

1311, 1311f
hypoplastic right ventricle as, 1311, 

1311f
pulmonic stenosis as, 1316
tetralogy of Fallot as, 1312, 1312f
transposition of great arteries as, 

1313-1314, 1313f-1314f
truncus arteriosus as, 1312, 1313f
univentricular heart as, 1311-1312
ventricular septal defect as, 1306

tumor of, 1317-1318
tumors of, hydrops from, 1436-1437, 

1437f
univentricular, 1311-1312
valves of, morphology of, 1309f
ventricles of, short-axis view of, 1298, 

1302f
Heart block, complete, fetal, hydrops from, 

1436, 1438
Heating

bone, 37, 37f, 37t
soft tissue, 37-38

Heerfordt’s disease, chronic pediatric 
sialadenitis in, 1696

Hemangioblastoma, intracranial, fetal, 1238
Hemangioendothelioma(s)

epithelioid, hepatic, 130
fetal, hepatic, 1331
infantile, 1814, 1816f

Hemangioma(s)
adrenal, 438, 438f
cardiac

fetal, 1318
in infants, 1317

cavernous
of bladder, 366
of liver, 116-118, 117f-118f

biopsy of, 618, 619f
characterization of, with microbubble 

contrast agents, 112f, 113,  
114t

dacryocystocele differentiated from, 
1174-1178

fetal, hepatic, 1331, 1332f
infantile

of neck, 1718
salivary gland, 1698, 1698f-1699f

intraspinal, pediatric, 1752
mesenteric, pediatric, 1916-1918, 1919f
pediatric

hepatic, 1814, 1815f
lower urinary tract, 1969-1970
superficial, 1763, 1763f

splenic, 162-163, 163f
umbilical cord, 1516

Hemangiomatosis, neonatal, 1800
Hemangiopericytoma

renal, 366
splenic lesions in, 160

Hemangiosarcoma, hepatic, 129
Hematoceles, scrotal, 858, 860f

pediatric, 1959
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Hematocolpos, from imperforate hymen, 
562-563, 563f, 570-571

Hematocrit, fetal, prediction of, 1489-1491
Hematoma(s)

after herniorrhaphy, 512-513, 513f, 515-516
after liver transplantation, 657, 660f
after pancreas transplantation, 699f
complicating cesarean section, 597-598, 599f
complicating ultrasound-guided biopsy, 625f
duodenal, pediatric, 1900-1901, 1902f
epidural, neonatal/infant, 1618
gastrointestinal tract, 303
intestinal, small bowel obstruction from, 

1902
intraparenchymal, after liver transplantation, 

659
pelvic, 596
peripheral artery, 1011
perirenal, after renal transplantation, 685, 

688f-689f
preplacental, 1506-1508, 1508f
psoas, pediatric, appendicitis differentiated 

from, 1974-1975, 1974f
recent, abscess differentiated from, 

1996-1997
renal, pediatric, 1869-1871
simulating anterior abdominal wall hernias, 

520, 521f
splenic, 165, 166f

pediatric, 1841, 1842f
subchorionic, placental abruption 

differentiated from, 1506-1508, 
1507f

subdural, neonatal/infant, 1618, 
1619f-1620f

subplacental, 1506-1508, 1507f
testicular, pediatric, 1953-1954
vein compression by, fistula differentiated 

from, 1002f, 1014-1015
Hematometrocolpos, 562-563, 563f, 1938f
Hematopoiesis, in yolk sac, 1082
Hematospermia, 406-407
Hemidiaphragm

eventration of, 1289f
paralyzed left compared to normal right, 

1794f
Hemithorax, pediatric, radiopaque

in neonatal chylothorax, 1771f
partially, 1772f

Hemivertebrae
developmental cause of, 1752
scoliosis and kyphosis from, 1265, 1267

Hemobilia, 181-182, 182f
Hemochromatosis, 443
Hemodialysis, access grafts and fistulas for, 

1013-1014, 1014f
Hemoglobin, fetal

deficit in, immune hydrops and, 1431-1432
reference ranges for, in normal and anemic 

fetuses, 1474f
Hemolysis

fetal, hydrops from, 1444
from obstetric sonography, 1064

Hemolytic uremic syndrome (HUS), pediatric
Doppler sonography in, 1880, 1882f
intestinal wall thickening in, 1907, 1908f

Hemoperitoneum, 526-527, 527f-528f
Hemophilia, pediatric, intramural hemorrhage 

in, 1910f
Hemorrhage(s)

adrenal, 442-443, 444f
after liver transplantation, 659, 661f
fetal, 1368
neonatal, 1886-1888, 1888f

cavum veli interpositi cysts differentiated 
from, 1202-1206

cerebellar, neonatal/infant brain and, 
1607-1608, 1610f

complicating ultrasound-guided biopsy, 623, 
625f

fetal, hydrops from, 1444
fetomaternal, diagnosis of, middle cerebral 

artery peak systolic velocity in, 
1490-1491

germinal matrix, from hypoxic-ischemic 
injury in premature infant, 
1596-1599, 1597t

intracranial
fetal, 1236, 1237f
in neonate/infant, Doppler studies of 

brain and, 1646-1647, 1648f
intramural, pediatric

in hemophilia, 1910f
in Henoch-Schönlein purpura, 1907, 

1910f
intraparenchymal, neonatal/infant brain and, 

1602-1606, 1607f-1609f
intraplacental, thick placenta in, 1499-1501
intraplaque, in heterogeneous plaque, 

952-953
intraventricular

from germinal matrix hemorrhage, 1597
neonatal/infant brain and, 1599, 1599b, 

1602f-1606f
signs of, 1599b

pediatric, in spinal canal, 1754-1763, 1763f
in pediatric thyroid, 1709
placental, 1510
posterior fossa, 1607
postpartum, in hydrops, 1449-1450
subarachnoid, neonatal/infant brain and, 

1608-1611, 1611f
subchorionic, 1081f

predicting abnormal outcome, 1096-1098, 
1098f-1099f

subdural, fetal, bilateral, 1237f
subependymal, neonatal/infant brain and, 

1598f, 1599, 1600f-1601f
supratentorial cysts differentiated from, 1224

Hemorrhagic cystitis, pediatric, 1967-1969, 
1967f-1968f

Hemorrhagic ovarian cysts, 576, 577f
Hemothorax, sonographic appearance of, 1769, 

1774f
Henoch-Schönlein purpura, pediatric, 1907, 

1910f
scrotal involvement in, 1955
testicular involvement in, 1955

Hepatic alveolar echinococcus, 94
Hepatic artery, 82

after liver transplantation, normal appearance 
of, 642, 642f

anastomosis of, for liver transplantation, 640
aneurysm and pseudoaneurysm of, 109
anomalies of, 84-85
occlusion of, after liver transplantation, 

642-643
pediatric, Doppler studies of, best 

approaches for, 1824-1825, 1826f
pseudoaneurysms of, after liver 

transplantation, 651-652, 652f
resistive index elevation in, after liver 

transplantation, 651
stenosis of, after liver transplantation, 

650-651, 650f-651f, 1836
Doppler examination of, 1836

thrombosis of, after liver transplantation, 
642-643, 644f, 647-650, 649f

Hepatic vein(s)
anatomic variants of, 475
anomalies of, 85-86

dilation of, in congestive heart failure,  
480

normal, 79, 80f, 82
occlusion of, in Budd-Chiari syndrome, 105, 

105f-106f
pediatric

anatomy of, 1803-1804, 1804f
Doppler studies of, best approach for, 

1824
duplex Doppler images of, 1823f
thrombosis of, suprahepatic portal 

hypertension and, 1834-1835, 
1834f

stenosis of, after liver transplantation, 
654-657, 659f

strictures of, in cirrhosis, 100, 100f
Hepatitis

A, 88
acute, 89, 89f-90f

gallbladder signs in, 207f
B, 88
C, 88
chronic, 89
D, 88
E, 88
neonatal, jaundice and, 1807-1808, 1809f
viral, 87-89

Hepatitis B infection, maternal, hydrops from, 
1446-1447

Hepatization, of gallbladder, 201
Hepatoblastoma(s)

fetal, 1327, 1331
pediatric, 1817-1818, 1817f

Hepatocellular carcinoma (HCC)
characterization of, with microbubble 

contrast agents, 111f-112f
in cirrhotic liver, characterization of, 

127-128, 128t
fibrolamellar, 129
forms of, 125
inborn errors of metabolism and, 1809
in inferior vena cava, 478-480
pediatric, 1818
recurrent, complicating liver transplantation, 

661-662, 664f
Hepatoduodenal ligaments, 81, 83f
Hepatofugal portal venous flow, 1822
Hepatolithiasis, 185
Hepatomas, recurrent, complicating liver 

transplantation, 661-662
Hepatopetal portal venous flow, 1822
Hepatosplenomegaly

from cytomegalovirus in early pregnancy, 
1234

fetal, in immune hydrops, 1433
pediatric, 1841f

Hereditary hemorrhagic telangiectasia, 109
Hereditary lymphedema, fetal, 1415, 1418f
Hereditary nonpolyposis colorectal cancer 

syndrome, 584
Hermaphroditism, true, 1946
Hernia(s)

anterior abdominal wall
contents of, 486-487
dynamic ultrasound of, 486-523

maneuvers for, 487-488, 489f-490f
technical requirements for, 486

entities simulating, 519-522
complications of, 516-517
diaphragmatic. See Diaphragmatic hernia.
femoral, 486, 487f, 497-499, 499f-500f

contents of, 488f
with inguinal hernia, 510-511, 511f
location of, 488-490, 491f
Teale’s, 498-499, 500f
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groin
contents of, 486-487, 488f
dynamic ultrasound of, 486-523

maneuvers for, 487-488, 489f-490f
report for, 504-522, 504b-505b
technical requirements for, 486

entities simulating, 518-519
key sonographic landmarks for, 488-504
recurrent, 511-516

hiatal, sonographic detection of, 1891
incarcerated, 516
incisional, 508-509, 510f-511f
inguinal, 486, 487f, 490-497

contents of, 488f
direct, 492-497, 497f-498f

in athletes, 502
bilateral, 496-497, 498f
description of, 490
location of, 488-490, 491f

dynamic ultrasound of, Valsalva maneuver 
for, 487, 489f

with femoral hernia, 510-511, 511f
indirect, 490-492, 492f-495f

description of, 490
types of, 492, 493f

patient position and, 488, 490f
pediatric, 1959, 1959f
shape of, 489f

linea alba, 504-507, 506f
epigastric, 504-505

diagnosis of, 505-507, 506f-507f
hypogastric, 504, 507, 507f
periumbilical, 508, 510f
shape of, 489f

Morgagni, 1285
pediatric, 1791f

multiple, 509-511, 512f
obstructed, 516
pantaloon, 510-511, 511f
paraumbilical, 508
pericardial, 1285, 1287
periumbilical, 508, 510f
repair of

mesh in, sonography and, 514-515, 
514f-515f

pain after, 512-514
spiral clips in, pain from, 516, 516f

scrotal, 861, 862f
pediatric, 1959

shape of, complication potential and, 
516-517

spigelian, 499-500, 500f-503f
location of, 488-490, 491f

sports, 502-504
strangulated, 516

findings in, 517, 517f-518f
umbilical, 507-508, 508f

Herniation
gut, physiologic, in fetus, 1338-1340, 1341f
midgut, physiologic, in embryo, 1112,  

1112f
Herpes simplex virus

congenital
hepatitis from, 1809f
neonatal/infant brain and, 1622

fetal
brain development and, 1234
hydrops from, 1446-1447

Hertz, definition of, 2-3
Heterotaxy syndrome, midline fetal stomach in, 

1329, 1331f
Heterotopia, 1198, 1227

periventricular nodular, 1227, 1230f
Heterotopic gestation, 1100-1101, 1107,  

1108f

Heterozygous achondroplasia, 1408-1409, 
1409f

detection of, gestational age for, 1394
inheritance pattern for, 1393

Hiatal hernias, sonographic detection of, 1891
High airway obstruction syndrome, congenital, 

fetal, hydrops from, 1440
High-intensity focused ultrasound (HIFU), 

32-33, 33f
for prostate cancer, 412

High pass filters, in Doppler imaging, 29, 29f
High-velocity jets, color Doppler, in carotid 

stenosis, 958-959, 959f, 967
aliasing, 968

Hilar cholangiocarcinoma, 192-193, 193b, 
194f-196f

Hip(s)
fetal, dislocation of, spina bifida and, 

1257-1263
injection of, 937f, 938-939
pediatric, 1982-2005

capsule of, echogenic, 1984-1985
developmental dislocation and dysplasia 

of, 1982-1991. See also 
Developmental dislocation and 
dysplasia of hip (DDH).

dislocation of
definition of, 1984
description of, 1984
teratologic, 1983, 2002

joint effusion in, 1994-1996
clinical application and experience with, 

1996
clinical overview of, 1994
sonographic technique and anatomy 

for, 1994-1996, 1995f
normal, definition of, 1984
pain in, sonographic evaluation of, 1982
sonography of, indications for, 1982, 

1994b
stability of

determination of, 1984
in evaluation of infant at risk, 1991

subluxable, definition of, 1984
sonography of, development of, 1983

Hirschsprung’s disease
fetal, 1336, 1336f
neonatal bowel obstruction in, 1971, 1972f

Histiocytosis
Langerhans cell

in infant, 1821f
metastasis of, to testes, 1958

sinus, metastasis of, to testes, 1958
Histogenesis, definition of, 1574, 1575b
Histopathologists, definition of, 615
Histoplasmosis, adrenal glands in, 433
Hitchhiker thumb

in diastrophic dwarfism, 1396, 1419
in diastrophic dysplasia, 1409, 1410f

HIV cholangiopathy, 186-188, 189f
Hodgkin’s disease, splenic lesions in, 158-160
Hodgkin’s lymphoma, pediatric, as cervical or 

supraclavicular mass, 1726, 1726f
Holoprosencephaly, 1217-1220, 1583-1586

agnathia and, 1188
alobar, 1217-1218, 1583-1585, 1590f

ball type, 1218
cup type, 1218, 1219f
hypotelorism and, 1172
median cleft lip/palate in, 1166
pancake type, 1218
sonographic findings in, 1585b
in trisomy 13, 1136-1137, 1137f, 

1583-1584
corpus callosum agenesis and, 1577-1578
facial changes associated with, 1220b

factors associated with, 1217b, 1583-1584
general anatomic classification of, 1218b
hydranencephaly differentiated from, 

592-593
lobar, 1218, 1583, 1586, 1590f
middle interhemispheric form of, 1218, 

1219f
sacral agenesis and, gene studies on, 1752
semilobar, 1218, 1219f, 1558, 1583-1584, 

1586
thickened nuchal translucency and, 1129f

Holosystolic valvular insufficiency, in 
atrioventricular septal defect, 1308

Holt-Oram syndrome, 1413
Hormone replacement therapy (HRT), 

sonohysterography timing and, 
550

Hormonogenesis, disorders of, thyroid 
hyperplasia from, 712

Horseshoe kidney, 324, 325f
fetal, 1360, 1361f

with megalourethra, 1376-1377
pediatric, 1855-1856, 1855f

Human chorionic gonadotropin (β-hCG), 
1073

concentration of, in trisomy 21, 1122
levels of

abnormal, in pediatric ectopic pregnancy, 
1939-1940

gestational sac and, 1079-1080
low, predicting abnormal outcome, 1096

Human immunodeficiency virus (HIV) 
infection, chronic parotitis in 
children with, 1696, 1697f

Humerus, short, in trisomy 21, 1132
Hutch diverticula, 384
Hydatid abscesses, hepatic, drainage of, 

ultrasound-guided, 629
Hydatid cysts

of liver in child, 1819-1820, 1821f
of spleen, 156, 157f

Hydatid disease
genitourinary, 339, 339f
hepatic, 93-94, 94b, 94f-95f

Hydatidiform molar pregnancy, 598-605, 600f
complete, 600, 600f
partial, 600-601, 600f
teenage, 1935, 1936f

Hydranencephaly
fetal, 1236-1238, 1238f
holoprosencephaly differentiated from, 1220
neonatal/infant, 1589-1591, 1593f

Hydrocele(s)
scrotal, 858, 860f

fetal, 1380, 1381f
in hydrops, 1425-1426, 1427f

pediatric
communicating, 1958-1959
reactive, 1959, 1959f

simulating groin hernia, 518, 518f-519f
Hydrocephalus, 1592-1596

cephalocentesis for, ultrasound-guided, 1550
in children, transcranial Doppler in 

monitoring of, 1662, 1663f-1666f
communicating, 1206-1207
diagnosis of, 1592-1595
differentiating ventriculomegaly from, 

Doppler sonography in, 1662
etiology of, 1595-1596, 1595b
from germinal matrix hemorrhage, 1597
holoprosencephaly differentiated from, 1220
hydranencephaly differentiated from, 1236
incidence of, 1592
in infant, Doppler studies of brain and, 

1647-1648, 1648f-1649f

Hernia(s) (Continued) Holoprosencephaly (Continued)



I-26    Index

from intraventricular hemorrhage, 1599, 
1605f

level of obstruction in, 1595
obstructive, 1206-1207

in Dandy-Walker malformation, 
1580-1581, 1588f

extraventricular, 1595
intraventricular, 1588f, 1595, 1596f

posthemorrhagic, from intraparenchymal 
hemorrhage, 1608f

postmeningitis, precocious puberty and, 
1942-1943

in rhombencephalosynapsis, 1222-1223
X-linked, ventriculomegaly and, 1207

Hydrocephalus ex vacuo, 1207f
Hydrocolpos, 1937, 1937f
Hydrometrocolpos, 562-563, 1937

cloacal malformation and, 1377
fetal, 1382-1383

Hydromyelia sac, in myelocystocele, 1263
Hydronephrosis

definition of, 1369
fetal

degree of, risk of postnatal pathology by, 
1370t

in duplication anomalies, 1373, 1373f
grading system for, 1369, 1369f
from ureteropelvic junction obstruction, 

1372
in vesicoureteral reflux, 1374

pediatric
bladder exstrophy and, 1859
bladder outlet obstruction and, 1856, 

1858f
Doppler sonography in, 1880
megacystis-microcolon-malrotation-

intestinal hypoperistalsis syndrome 
and, 1858-1859

prune-belly syndrome and, 1856-1858
urachal anomalies and, 1859, 1859f
ureteral obstruction and, 1856, 1857f
ureteropelvic junction obstruction and, 

1856, 1857f
Hydrops, 1424-1454

delivery in, 1449-1450
diagnostic approach to, 1447-1448

fetal investigations in, 1448
history in, 1447
maternal investigations in, 1448
obstetric ultrasound in, 1447-1448
postnatal investigations in, 1448

etiology of, 1430-1431
fetal

chorioangioma management and, 1512
congenital cystic adenomatoid 

malformation and, 1278
from cytomegalovirus in early pregnancy, 

1234
in sacrococcygeal teratoma, 1269
thick placenta in, 1499-1501, 1501f

immune, 1431-1433
management of fetus with, 1433
Rh0(D) immune globulin and, 1430

maternal complications of, 1449
nonimmune, 1433-1447

causes of, 1434t-1435t, 1436-1447
anemia as, 1444
cardiovascular, 1436-1438, 

1436f-1438f
chromosomal anomalies as, 1444, 

1445f
drugs as, 1447
endocrine disorders as, 1447
gastrointestinal anomalies as, 1432f, 

1442, 1442f

genetic disorders as, 1447
idiopathic, 1447
infection as, 1444
lymphatic dysplasia as, 1443
metabolic disorders as, 1447
neck abnormalities as, 1438-1439
skeletal disorders as, 1447
thoracic anomalies as, 1439-1441, 

1440f-1441f
tumors as, 1444
twins as, 1443-1444
urinary tract anomalies as, 1442-1443, 

1443f
fetal welfare assessment in, 1448
mortality rate from, 1448
pathophysiology of, 1433-1436, 1435f

obstetric prognosis in, 1448-1450
postnatal outcome of, 1450
predelivery aspiration procedures in, 1450
sonographic features of, 1424-1429

ascites as, 1424-1426, 1425f-1427f
pericardial effusions as, 1427, 1429f
placentomegaly as, 1429, 1431f
pleural effusions as, 1426-1427, 1428f
polyhydramnios as, 1429, 1431f
subcutaneous edema as, 1427-1429, 

1430f-1431f
Hydrops tubae profluens, 594-595
Hydrosalpinx, 579

in pelvic inflammatory disease, 593, 594f, 
1940-1941

Hydrosonourethrography, 1926
Hydrosonovaginography, 1925, 1926f
Hydrostatic reduction, of intussusception, 

ultrasound-guided, 1903
Hydrothorax, fetal, hydrops from, 1439
Hymen, imperforate

hematocolpos from, 562-563, 563f, 570- 
571

vaginal obstruction from, 1937
Hyperalimentation, normal, 1784f
Hypercalcemia, familial hypocalciuric, primary 

hyperparathyroidism distinguished 
from, 752

Hypercholesterolemia, familial, xanthomas in 
Achilles tendon in, 927

Hyperechoic caudate nuclei, neonatal/infant 
brain and, 1617-1618, 1618f

Hyperemia
appendiceal, significance of, 1973-1974
in Crohn’s disease, 275, 277f
reactive, in testicular detorsion, 1951

Hyperparathyroidism
graft-dependent, 760-761, 762f
pediatric, 1712-1713
persistent, 760-761
primary, 751-753

causes of, 752b
diagnosis of, 751-752
pathology of, 752
prevalence of, 751
significance of, 765-767
treatment of, 752-753

recurrent, 760-761
secondary, 761-762

Hyperreactio luteinalis, 577
Hypertelorism, 1173, 1173b, 1176f-1177f, 

1181f
craniosynostosis and, 1169
midface hypoplasia with, 1181f
in skeletal dysplasias, 1396

Hypertension
carotid flow waveforms and, 970, 971f
maternal, intrauterine growth restriction and, 

1469, 1473-1474

portal, 78, 100-110. See also Portal 
hypertension.

pulmonary, with congenital diaphragmatic 
hernia, 1289

renovascular
clinical findings suggesting, 461b
renal artery stenosis and, 459-463

renovascular disease and, 378
Hyperthermia

neural tube defects from, 1247
safety and, 38
thermal index and, 38-40, 39b

Hyperthyroidism, fetal
fetal goiter in, 1191
hydrops from, 1447

Hypertrophied column of Bertin, 320, 321b, 
322f

Hyperventilation therapy, pediatric, transcranial 
Doppler monitoring of, 1668

Hypoalbuminemia, gallbladder wall edema in, 
206f

Hypochondrogenesis, achondrogenesis type 2 
differentiated from, 1402

Hypophosphatasia, 1395f
anencephaly differentiated from, 1212
calvarial compressibility in, 1396

Hypophosphatasia congenita, 1404
achondrogenesis differentiated from, 1402
sonographic appearance of, 1392f

Hypoplastic left heart syndrome, 1311,  
1311f

Hypoplastic right ventricle, 1311, 1311f
Hypoplastic scapulae, in campomelic dysplasia, 

1395
Hypospadias, fetal, 1380-1381
Hypotelorism, 1172, 1173b, 1175f-1176f

alobar holoprosencephaly and, 1219f
craniosynostosis and, 1169

Hypothalamic glioma, precocious puberty and, 
1942-1943

Hypothalamic hamartoma, precocious puberty 
and, 1942-1943

Hypothalamus, in menstrual cycle, 1074f
Hypothyroidism

congenital, 711
in pediatric patient, 1704-1705

fetal
fetal goiter in, 1191
hydrops from, 1447
wormian bones in, 1171

juvenile, congenital, ovarian cysts and, 
1929-1930

Hypoxic-ischemic events, neonatal/infant brain 
and

arterial watershed and, 1596-1597
basal ganglia vasculopathy and, 1617
cerebral edema and infarction and, 

1611-1617
hemorrhage and

cerebellar, 1607-1608, 1610f
neonatal/infant brain and, 1596-1618

germinal matrix, 1596-1599, 1597t
intraparenchymal, 1602-1606, 

1607f-1609f
intraventricular, 1599, 1599b, 

1602f-1606f
subarachnoid, 1608-1611, 1611f
subependymal, 1598f, 1599, 1600f-1601f

hyperechoic caudate nuclei and, 1617-1618, 
1618f

injury patterns from, 1597t

I
Ileal conduits, evaluation of, 385, 386f
Ileal duplication cyst, pediatric, 1917f

Hydrocephalus (Continued) Hydrops (Continued) Hypertension (Continued)
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Ileitis, terminal, 291
acute, pediatric, appendicitis differentiated 

from, 1975
Ileum, fetal, atresia of, 1336f
Ileus

gallstone, 183
meconium, neonatal bowel obstruction from, 

1971, 1971f
paralytic, 298f, 299

Iliac, length and angle of, in trisomy 21, 1133
Iliac arteries, Doppler waveform analysis of, in 

intrauterine growth restriction, 
1482

Iliac veins, 474-478
May-Thurner physiology and, 474-475, 476f
thrombosis of, 476-477, 478f

Ilioinguinal nerve entrapment of, after 
herniorrhaphy, 516

Iliopsoas bursa, injection of, ultrasound-guided, 
944f

Iliopsoas tendon, injection of, 943, 944f
Image display, 9-11, 10f-12f, 14
Image quality, 16-17

spatial resolution in, 16-17
Image storage, 14
Imaging

modes of, special, 14-16
tissue harmonic, 14, 15f

Immunocompromised patients
acute typhlitis in, 290-291
hepatic candidiasis in, 91

Immunosuppression, adrenal gland infections 
and, 433

Impedance, Doppler imaging of, 26, 27f
Imperforate anus, 1905-1906, 1906f

caudal regression with, 1752
sonography in evaluation of, 1972-1973, 

1972f
with spinal dysraphism, 1750-1751
vertebral body anomalies and, 1755f-1756f

Imperforate hymen
hematocolpos from, 562-563, 563f, 570-571
vaginal obstruction from, 1937

Implantation, 1075, 1076f
Inborn errors of metabolism, fetal, hydrops 

from, 1447
Incisional hernias, 508-509, 510f-511f
Inclusion cysts

peritoneal, 528, 529f
vaginal, pediatric, 1939

Incontinence, fecal, anal endosonography in, 
308, 312f

Indomethacin
in hydrops management, 1449-1450
in utero exposure to

ductus arteriosus and, 1491-1493,  
1492f

hydrops from, 1447
Inertial cavitation, 40
Infant(s)

brain imaging in, 1558-1636. See also Brain, 
neonatal/infant, imaging of.

kidney in, 1852-1854, 1853f
Infarction(s)

hepatic, after liver transplantation, 660-661, 
663f

maternal flow, 1509, 1509f-1510f
omental

pediatric, appendicitis differentiated from, 
1913-1915

segmental, right-sided, 291-293, 293f
periventricular hemorrhagic, in infants, 

1602-1603
placental, 1509-1510, 1509f-1510f
splenic, 163, 164f-165f

pediatric, 1841-1842, 1842f

testicular
pediatric, 1951
segmental, 854, 856f

Infection(s)
after pancreas transplantation, 700
complicating amniocentesis, 1544
complicating renal transplantation, . , 

668-670, 672f-674f
complicating ultrasound-guided biopsy, 625, 

625f
congenital, neonatal/infant brain and, 

1618-1622
fetal

dural sinus thrombosis from, 1235-1236
hydrops from, 1444-1447
liver enlargement in, 1329
viral, bowel echogenicity in, 1338

gastrointestinal, 300
genital tract, pediatric, 1940-1942
genitourinary, 329-341. See also 

Genitourinary tract, infections of.
hepatic, 87-95. See also Liver, infectious 

diseases of.
musculoskeletal, pediatric, 1996-1999

Inferior epigastric artery (IEA)
as landmark for inguinal hernias, 488-490, 

491f
relationship of indirect inguinal hernia to, 

490-492, 492f-493f
Inferior thyroid artery, 710
Inferior thyroid vein, 710, 711f
Inferior vena cava (IVC), 474-478

anastomosis of, for liver transplantation,  
640

anatomic variants of, 475-476
anatomy of, 474-475
azygous continuation of, 475
dilation of, in congestive heart failure, 480, 

480f
Doppler waveform analysis of, in 

intrauterine growth restriction, 
1482-1483, 1485f

duplicated, 475, 477f
in fetal circulation, 1472, 1473f
filters in, 480-481, 480f
neoplasms of, 478-481
pancreatic head and, 218, 218f-219f
stenosis of, after liver transplantation, 654, 

657f
thrombosis of, 476-477

after liver transplantation, 654, 658f, 
1836-1837, 1839f-1840f

transposed, 475
Inferior vesical artery, 396
Infertility

from cryptorchidism, 873
ectopic pregnancy and, 1100-1101

Inflammation
in acute pancreatitis, 229, 230f-233f
in Crohn’s disease, 278, 280f
musculoskeletal, pediatric, 1996-1999

infectious, 1996-1999
noninfectious, 1999

of tendons, 920-926. See also Tendon(s), 
inflammation of.

Inflammatory abdominal aortic aneurysm, 447, 
456-457

Inflammatory bowel disease, 272-282. See also 
Crohn’s disease.

pediatric, appendicitis differentiated from, 
1974-1975

Inflammatory disease, perianal, transanal 
sonography in, 310-313, 312b, 
313f

Inflammatory pseudotumors, splenic, 163

Infrahyoid space, pediatric, 1703-1713
anatomy of, 1703, 1704f
cystic lesions of, differential diagnosis of, 

1706b
visceral space of, 1703-1713. See also 

Parathyroid glands, pediatric; 
Thyroid gland, pediatric.

cysts of, 1713
laryngoceles of, 1713

Infraspinatus tendon, 883-886, 887f
Infundibulum, 548, 571-572
Inguinal hernias, 486, 487f, 490-497. See also 

Hernia(s), inguinal.
Inguinal wall, posterior, insufficiency of, sports 

hernia and, 502, 503f
Iniencephaly, in spina bifida, 1217
Inionschisis, definition of, 1254t
Inner cell mass, 1075
Innominate artery, occlusions of, waveforms in, 

948, 974
Instrumentation, 7-14

for Doppler imaging, 24-25
for image display, 9-11
receiver in, 9
transducers in, 8-9
transmitter in, 7-8

Insula, fetal, normal sonographic appearance of, 
1199

Insulin, neural tube defects from, 1247
Insulinomas, pediatric, 1920
Intellectual functioning, in spina bifida, 1263
Intensity

of sound, 7
of ultrasonic power, 35

Interdigital neuromas, injection for, 941,  
942f

Interhemispheric fissure, fetal, normal 
sonographic appearance of, 1199

Intermittent harmonic power Doppler imaging, 
with blood pool contrast agents, 
66, 67f

Intermittent imaging, with blood pool contrast 
agents, 66

Internal inguinal ring, as landmark for inguinal 
hernias, 488-490, 491f

Internal jugular phlebectasia, pediatric, 1728, 
1728f

Internal jugular veins, 991-992
sonographic technique for, 991, 991f
thrombosis of, 991-992, 992f-993f

Internal oblique aponeurosis, torn, in spigelian 
hernia, 500, 501f

Interphalangeal joint, injection of, short-axis 
approach to, 938

Interposition grafts, for dialysis, 1014, 1014f
Interrenicular junction defect, 1849-1851, 

1852f
Interstitial ectopic pregnancy, 1106, 1107f
Interventional sonography, pediatric, 

2006-2031
for abscess drainage, 2018

appendiceal, 2024, 2025f
transrectal, 2018, 2018f

anatomy for, 2014
antibiotics for, 2015-2016
for biopsy

mediastinal mass, 2020, 2024f
targeted organ lesion, 2024, 2026f

biopsy devices for, 2014
Chiba needles for, 2012
color Doppler and, 2009
computed tomography and, 2007, 2007t
for deep foreign body removal, 2028,  

2029f
drainage catheters for, 2012
equipment for, 2006-2007, 2011-2014

Infarction(s) (Continued)
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freehand
correcting needle angle in, 2011, 2013f
correcting off-target needle in, 2011
initial needle placement and localization 

in, 1990f, 1991-1993, 
2009f-2010f

locating needle after insertion in, 
2010-2011, 2011f-2012f

mechanical guides versus, 2007-2009
technique for, 2009-2011
training aids for, 2011

guidance methods in, 2007
for head and neck lesions, 2028, 

2030f-2031f
initial puncture device for, 2013-2014
local anesthetic technique for, 2015, 2016f
multimodality interventional suites for, 

2007, 2008f
for musculoskeletal procedures, 2024-2028, 

2027f
one versus two operators for, 2007
patient and, 2006
for percutaneous cholangiography and 

drainage, 2020
for peripherally inserted central catheters, 

2000f, 2018, 2019f
for peritoneal drainage, 2018-2020
personnel for, 2006-2007
for pleural drainage, 2018-2020, 2022f
principles of, 2006-2007
sedation for, 2014-2015
for steroid injection, 2024, 2028f
transducers for, 2007
typical procedure for, 2016-2017

aims and expectations of, 2017
clotting studies in, 2016-2017
difficult catheter fixation for, in infants, 

2017
initial ultrasound in, before sedation, 

2017
postprocedural care and follow-up in, 

2017
prior consultation and studies in, 2016

ultrasound techniques for, 1983-1985
Interventricular septum, viewed from right 

ventricle, 1308f
Intervillous spaces, 1499, 1500f

blood flow in, 1502, 1502f
Intestinal inflammatory disease, pediatric, 

1906-1918
appendicitis as, 1912-1915, 1912b-1913b, 

1914f-1916f. See also Appendicitis.
chronic granulomatous disease as, 1891
colitis as, 1909f
graft-versus-host disease as, 1907, 1911f
hemolytic uremic syndrome as, 1907,  

1908f
Henoch-Schönlein purpura as, 1907, 1910f
in immunosuppressed transplant patient, 

1891
leukemia and, 1891
mucosal, 1907, 1908f
necrotizing enterocolitis as, 1907-1912, 

1911f, 1912b
pseudomembranous colitis as, 1908f
regional enteritis as, 1909f
rotavirus infection as, 1891
transmural, 1907, 1909f

Intestinal malrotation, with midgut volvulus, 
1899-1900, 1900f

Intestinal wall thickening, pediatric, causes of, 
1907b, 1908f

Intestine. See Bowel; Gastrointestinal tract.
Intima-media complex, in carotid wall, 

951-952, 952f

Intima-media thickness, atherosclerotic disease 
and, 951-952

Intra-atrial septum, embryologic development 
of, 1305f

Intracardiac focus, echogenic, in trisomy 21, 
1132, 1133f

Intracranial hemorrhage
fetal, 1236, 1237f
neonatal/infant, Doppler studies of brain 

and, 1646-1647, 1648f
Intracranial pressure (ICP), increased, 

vasospasm differentiated from, 
1660

Intracranial tumors, neonatal, Doppler studies 
of brain and, 1649, 1651f

Intradecidual sac sign, 1078-1079, 1079f-1080f
Intraductal papillary mucinous neoplasm, 

249-250, 251f-252f
Intrahepatic cholangiocarcinoma, 190-192, 

191f
intraductal, 191-192, 191f-192f

Intraparenchymal hemorrhage, neonatal/infant 
brain and, 1602-1606, 
1607f-1609f

Intraperitoneal gas, free, in acute abdomen, 
283-284

Intratesticular vessels, pediatric, 1944
Intrauterine contraceptive devices (IUCDs), 

550f, 568-569
Intrauterine growth restriction (IUGR), 

1466-1469, 1473-1489
biophysical profile in, 1495
from cytomegalovirus in early pregnancy, 

1234
diagnosis of, 1467-1469, 1468t
Doppler waveform analysis in, 1474-1487

of adrenal artery, 1482, 1482f
of aortic and pulmonary valves, 1486
of atrioventricular valves, 1484-1486, 

1486f
of descending aorta, 1481, 1481f
of ductus venosus, 1483-1484, 

1485f-1486f
of femoral artery, 1482, 1484f
in fetal cardiac output measurement, 

1486-1487
of fetal heart, 1484-1487
of iliac arteries, 1482
indices used in, 1474
of inferior vena cava, 1482-1483, 1485f
of middle cerebral artery, 1477-1481, 

1478f-1479f
peak systolic velocity in

increased, mortality and, 1480, 
1480f

measurement of, 1478b
pulsatility index in, 1477-1478, 1478t

low, brain-sparing effect of, 
1478-1480, 1479f

low and high, factors associated with, 
1479b

peak systolic velocity and, 1472
of renal artery, 1482, 1483f
of splenic artery, 1481-1482, 1481f
of superior cerebellar artery, 1482
of superior mesenteric artery, 1482, 1482f
of umbilical artery, 1476-1477, 1477f, 

1480f
of umbilical vein, 1482-1483, 1484f
of uterine artery, 1475-1476, 1476f

echogenic bowel and, 1338
fetal monitoring in, 1469
management of, 1487-1489
in Miller-Dieker syndrome, 1226-1227
multifetal pregnancy morbidity and 

mortality and, 1148-1150

with open spina bifida, 1257-1263
ossification delayed in, 1390
risk factors associated with

fetal, 1467
maternal, 1467b
placental, 1467

sonographic criteria for, 1468t
staging and classification of, 1487-1489, 

1487b, 1488f
symmetrical vs. asymmetrical, 1466

Intrauterine infection, in monochorionic twins, 
1155

Intravaginal testicular torsion, 1949-1950, 1949f
Intravascular transfusion, fetal, 1489
Intravascular ultrasound (IVUS), in plaque 

characterization, 978
Intraventricular hemorrhage

from germinal matrix hemorrhage, 1597
neonatal/infant brain and, 1599, 1599b, 

1602f-1606f
signs of, 1599b

Intussusception
bowel obstruction from, 298-299, 300f
in Henoch-Schönlein purpura, 1907
pediatric, 1902-1905, 1902b, 1904f-1905f

In vitro fertilization, multifetal pregnancy 
incidence and, 1145

Iodine, deficiency of, thyroid hyperplasia from, 
712

Irradiation, microcephaly from, 1224-1225
Ischemia, transient, blood flow pattern in lower 

extremity peripheral artery disease 
and, 1004

Ischemic bowel disease, 301-303
Ischemic heart disease, 447
Ischemic-thrombotic damage, thick placenta in, 

1499-1501
Ischiopagus twins, 1161f
Ischium, in sonogram of hip from transverse/

flexion view, 1989-1991
Isomerism, left atrial, atrioventricular septal 

defect and, 1306-1307
IUGR. See Intrauterine growth restriction 

(IUGR).
IUGR score, 1467-1468
Ivemark’s syndrome, 1316-1317

J
Jarcho-Levi syndrome, vertebral body 

anomalies in, 1752
Jaundice

neonatal, 1804-1810
Alagille syndrome and, 1806
bile duct rupture and, 1806
biliary atresia and, 1806-1807, 1808f
causes of, 1804, 1805b
choledochal cyst and, 1805-1806, 

1805f-1807f
inborn errors of metabolism and, 

1808-1810, 1810b
interlobular bile duct paucity and, 1806
neonatal hepatitis and, 1807-1808, 1809f
urinary tract infection/sepsis and, 1808

in periampullary neoplasms, 243
Jejunoileal atresia, fetal, 1335-1336
Jejunoileal obstruction, fetal, 1336
Jejunum, fetal, atresia of, “apple peel”, 

1335-1336
Jeune syndrome, 1409-1410
Joint(s)

fetal, contractures of, multiple, in 
arthrogryposis multiplex congenita, 
1413, 1417f

injection of, 938-939, 938f-939f

Interventional sonography, pediatric (Continued) Intrauterine growth restriction (IUGR) 
(Continued)
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Joint effusion, in rotator cuff tear, 895
Joubert syndrome, 1220-1221

Dandy-Walker malformation differentiated 
from, 1582-1583

frequency of, 1221
rhombencephalosynapsis differentiated from, 

1223
vermian dysplasia with, 1222

Jugular vein(s), internal, 991-992, 1034, 1035f
sonographic technique for, 991, 991f
thrombosis of, 991-992, 992f-993f

from central line placement, 1728, 1728f
examination for, 1036, 1037f

Junctional parenchymal defect, 320, 1849-
1851, 1852f

Juvenile nephronophthisis, 1861
familial, 369-371

Juxtaglomerular tumors, 365-366
Juxtaphrenic paravertebral masses, detection of, 

1785-1786

K
Kaposi’s sarcoma

of adrenal glands, 440, 441f
liver in, 135

Kasabach-Merritt sequence, fetal, hydrops 
from, 1444

Kawasaki’s disease, cervical adenopathy in 
children with, 1721

Keepsake videos, in pregnancy, 49-50, 50b
Keyhole sign, from posterior urethral valves in 

fetus, 563, 1375f
Kidney(s). See also Renal entries.

abscesses of
acute pyelonephritis and, 332, 332f
complicating renal transplantation, 670, 

674f
drainage of, ultrasound-guided, 633,  

634f
absence of, caudal regression with, 1752
acute cortical necrosis of, 380-381, 383f
acute tubular necrosis of, 380
agenesis of, 324-325, 1112-1113

vesicoureteral reflux with, 1374
anatomy of, 319-321, 320f-322f
angiomyolipoma of, 360-362, 361f-362f
ascent of, anomalies related to, 324, 

324f-325f
biopsy of, percutaneous needle, ultrasound-

guided, 621-622, 621f-622f
calculi in, 342-344, 345f
congenital abnormalities of, uterine 

malformations and, 554
congenital megacalices in, 326
cysts of, 366-374

in acquired cystic kidney disease, 373, 
374f

calcification of, 367-368, 368f
complex, 366, 366b, 368f, 370f
cortical, 366-369
internal echoes in, 367
in localized cystic disease, 373, 374f
malignant potential of, 368-369
medullary, 369-371
in multicystic dysplastic kidney, 363-364, 

373f
in multilocular cystic nephroma, 372-373, 

373f
parapelvic, 369, 370f
percutaneous management of, 634, 635f
in polycystic kidney disease, 371, 

371f-372f
septations in, 367, 368f
simple, 366, 367f
in tuberous sclerosis, 374, 375f
in von Hippel-Lindau disease, 374, 375f

development of, 318, 318f
disease of

cystic, 366-374. See also Kidney(s), cysts 
of.

acquired, 373, 374f
renal cell carcinoma and, 348, 373

localized, 373, 374f
medullary, 369-371
neoplasm-related, 373-374

end-stage, reflux nephropathy and, 334
hydatid, 339, 339f
maternal, intrauterine growth restriction 

and, 1469
polycystic, 371, 371f-372f. See also 

Polycystic kidney disease.
duplex, vesicoureteral reflux with, 1374
ectopic, 324, 324f
failure of, chronic, transplantation for, 

662-663
fetal

agenesis of
bilateral, 1358-1360, 1360b
unilateral, 1360

bilateral reniform enlargement of, in 
polycystic kidney disease, 1363, 
1364f

cystic disease of, 1361-1367
multicystic dysplastic kidney as, 

1361-1362, 1361f-1362f
obstructive cystic renal dysplasia as, 

1362-1363, 1362f-1363f
polycystic

autosomal dominant, 1363-1365, 
1365f

autosomal recessive, 1363, 1364f
simple cysts as, 1367
syndromes associated with, 1365, 

1366b
dysplasia of, from urinary obstruction, 

1371-1372, 1371f
ectopic, 1360
embryology of, 1353, 1354f
horseshoe, 1360, 1361f

with megalourethra, 1376-1377
hyperechogenic (bright), 1365-1367, 

1367f
length of, at 14-42 weeks’ gestation, 

1356t
normal sonographic appearance of, 1359f
pelvic, 1360
routine sonographic views of, 1052f
tumors of, 1367

bilateral, hyperechogenic kidneys in, 
1366-1367

fetal lobation in, 323, 1849-1851, 1852f
glomerulonephritis of, 381, 382f
growth of, congenital anomalies related to, 

323
hematoma of, 376, 376f
horseshoe, 324, 325f
hypertrophy of, compensatory, 323
hypoplasia of, 323
lacerations of, 376, 376f
leukemia involving, 362
lobes of, formation of, 1849-1851, 1852f
lymphoma involving, 362, 362b, 363f-364f
medullary sponge, 347-348, 348f, 369

calcium deposition in, 1869
metastases to, 363-364, 365f
multicystic dysplastic, 371-372, 373f
multilocular cystic nephroma of, 372-373, 

373f
oncocytoma of, 360
parenchyma of, calcification of, 346-348, 

349f

pediatric
abscess of, complicating acute 

pyelonephritis, 1864, 1866f
absence of, 1855
agenesis of, adrenal glands in, 1885,  

1886f
anatomy of, normal, 1849-1854
biopsy of, targeted, 1996
central echo complex in, 1851-1852
corticomedullary differentiation in, 

1851-1854, 1853f
cross-fused ectopy of, 1855-1856
cysts of, 1859-1862

dialysis and, 1861-1862
liver transplantation and, 1862
medullary, 1861, 1863f
multilocular, 1875
simple, 1862
in tuberous sclerosis, 1861, 1864f
in von Hippel-Lindau disease, 1861

elevated renal rind and, 1865, 1869f
focal scarring of, from acute 

pyelonephritis, 1864, 1866f
glomerulonephritis and, 1845, 1865
horseshoe, 1855-1856, 1855f
hydronephrosis and, 1856-1859. See also 

Hydronephrosis, pediatric.
infections of, chronic, calcifications in, 

1869
intrathoracic, 1788-1789
length of

by age, with single functioning kidney, 
1849t

versus age, height, and weight, 1846, 
1847f

versus birth weight and gestational age, 
1850f

versus body weight, 1849t
measurement of, 1846, 1846f

medical diseases of, 1865-1869
multicystic dysplastic, 1861, 1862f
nephrocalcinosis and, 1865-1869, 1870f
pelvic, ectopic, 1966
sonographic appearance of, at different 

ages, 1851-1852, 1853f
sonographic technique for, 1845-1849
transplantation of

Doppler sonography in, 1880-1885
graft rejection and, 1882, 1884f
posttransplant resistance and, 

1882-1885, 1885t
trauma to, 1869-1871, 1872f
tumors of, 1871-1875

angiomyolipoma as, 1875
calcifications in, 1869
mesoblastic nephroma as, 1873-1874, 

1874f
multilocular renal cyst as, 1875
neuroblastoma as, 1873, 1874f
renal cell carcinoma as, 1874
renal lymphoma as, 1875, 1875f
Wilms’, 1872-1873, 1872b, 1873f

vascular diseases of, Doppler assessment 
of, 1875-1885

clinical applications of, 1877-1880
increased resistance to intrarenal flow 

and, 1876, 1877b, 1878f
normal anatomy and flow patterns and, 

1876, 1877f
in renal transplantation, 1880-1885, 

1884b, 1884f, 1885t
technique for, 1875-1876

volume of
correlated to body weight, 1848f
determination of, 1846, 1846f

Kidney(s) (Continued) Kidney(s) (Continued)



I-30    Index

pelvic, 324, 324f
identification of, 597

postnatal function of
fetal urinalysis in prediction of, 1378t
poor, antenatal predictors of, 1378b

sarcomas of, 366
shattered, 376
sonographic technique for, 321
squamous cell carcinoma of, 360
supernumerary, 325
transitional cell carcinoma of, 354-356, 

357f-358f
transplantation of, 662-685

abnormal, 667
arteriovenous malformations complicating, 

681-683. , 684f
artifacts mimicking, 682-683, 685f

fluid collections after, 683-685, 688f- 
692f

global infarction after, 672
lymphoproliferative disorder after, 700, 

701f-703f
normal appearance of, 663-667

Doppler assessment of, 665-667, 
668f-669f

gray-scale assessment of, 663-665, 
665f-667f

paired cadaveric, from young donors, 663, 
665f

parenchymal pathology complicating, 
668-670

acute rejection as, 668, 670f
acute tubular necrosis as, 668, 670f
chronic rejection as, 668, 671f
infection as, 668-670, 672f-674f

postrenal collecting system obstruction 
complicating, 679-681

prerenal vascular complications of, 
670-679

arterial thrombosis as, 670-675, 674f
renal artery stenosis as, 675-677, 

675f-678f
renal vein stenosis as, 679, 680f
venous thrombosis as, 677-679, 679f

pseudoaneurysms after, 683, 686f-687f
segmental infarction after, 672-675,  

674f
surgical technique for, 663, 665f

trauma to, 374-376, 376f
tumors of, rare, 365-366
vascular Doppler sonography of, 376-377

Klippel-Feil syndrome
iniencephaly and, 1217
vertebral body anomalies in, 1752

Klippel-Trenaunay syndrome, venolymphatic 
malformation in, 1719-1720, 
1720f

Knee
pediatric, congenital dislocations of, 2001, 

2002f
tendons of, normal sonographic appearance 

of, 910-916, 915f-916f
Kniest dysplasia, achondrogenesis type 2 

differentiated from, 1402
Krukenberg tumor, 592-593
Kyphoscoliosis, fetal, 1415

in skeletal dysplasias, 1395
Kyphosis, fetal, 1265-1267, 1266f

causes of, 1267b
cervical, in campomelic dysplasia, 1395

L
Labor, preterm, 1527-1528. See also Preterm 

birth (PTB).
Labrum, of acetabulum, 1984-1985

Laceration(s)
in pediatric pregnancy, 1939-1940
splenic, 167f

Lactobezoars, 1897, 1900f
Lambda sign, in dichorionicity, 1148, 1151f
Laminae, in spina bifida, 1256, 1259f-1260f
Laminectomy, spinal sonography after, 1763
Langer-Saldino form of achondrogenesis, 1402
Langerhans cell histiocytosis

in infant, 1821f
metastasis of, to testes, 1958

Laparoscopy, in ectopic pregnancy 
management, 1109

Large-for-gestational age fetus, 1464-1466. See 
also Fetus, large-for-gestational age.

Larsen syndrome, vertebral body anomalies in, 
1752

Laryngeal webs, fetal, congenital high airway 
obstruction from, 1281

Laryngoceles, pediatric, 1713
Larynx, fetal

agenesis of, congenital high airway 
obstruction from, 1281

atresia of, congenital high airway obstruction 
from, 1281

Laser photocoagulation
in acardiac twin, 1551-1552, 1552f
for twin-twin transfusion syndrome, 1545

Lateral nasal prominence, 1166, 1167f
Lateral resolution, 17, 18f
Lehman syndrome, spina bifida and, 1255
Leiomyoma(s)

bladder, 366
pediatric, 1969-1970

gastrointestinal, endosonographic 
identification of, 305

renal, 365-366
simulating groin hernias, 518, 519f
spermatic cord, 863, 863f
uterine, 556-558, 556b, 557f-558f, 558b

Leiomyomatosis peritonealis disseminata, 543, 
543f

Leiomyosarcoma(s), 559, 559f
bladder, 366

pediatric, 1969, 1970f
inferior vena cava (IVC), 480
renal, 366

Lemierre’s syndrome, pediatric, 1701, 1728
Lemon sign, in Chiari II malformation, 1215f, 

1216, 1743
in spina bifida screening, 1250, 1257

Leriche syndrome, 458
Leukemia

ovarian infiltration by, pediatric, 1935
pancreatic infiltration by, 1920
renal involvement in, 362
salivary gland infiltration by, pediatric, 1701
testicular, 850, 850b, 851f

pediatric, 1958, 1958f
Leukomalacia, periventricular

from hypoxic-ischemic injury in premature 
infant, 1596-1597, 1611-1617, 
1613f-1614f

in neonatal/infant brain, 1629-1630
Levocardia, 1297
Levotransposition, of great arteries, 1313-1314
Levovist, 54-55
Leydig cell tumors, 846-848, 848f

pediatric, testicular, 1956-1957, 1957f
Li-Fraumeni syndrome, prenatal intracranial 

tumors in, 1238
Ligament(s)

broad, 547-548
coracohumeral, 879-882
falciform, pediatric, 1800-1801, 1802f
of liver, 81, 83f-84f

round, 547-548. See also Round ligament(s).
suspensory, of ovary, 548, 571-572

Ligamentum teres, 81, 84f
Ligamentum venosum, 81

pediatric, 1800-1801, 1801f
Limb. See also Extremity(ies).
Limb

enlargement of, asymmetrical, 1415
Limb anomalies, nomenclature of, 1412t
Limb pterygium, 1415
Limb reduction defects, 1411-1415

amniotic band sequence as, 1412, 
1414f-1415f

caudal regression syndrome as, 1412
chorionic villus sampling and, 1546
deformations as, 1411
disruptions as, 1411
isolated, 1412
malformations as, 1411
proximal focal femoral deficiency as, 

1411-1412
radial ray, 1412-1413
sirenomelia as, 1412, 1413f

Limb shortening, patterns of, 1393, 1394b, 
1394f

Limb–body wall complex, 1214, 1345-1346, 
1412

Limey bile, 201, 201f
Linea alba, description of, 505, 505f
Linea alba hernia, 504-507. See also Hernia(s), 

linea alba.
Linear array transducers, 13

beam steering in, 11, 12f
Lingual thyroid, pediatric, 1700
Lip(s)

cleft. See also Cleft lip/palate.
complete vs. incomplete, 1182

fetal, normal sonographic appearance of, 
1168f

Lipoadenomas, parathyroid, 753, 754f
Lipoleiomyoma(s), 557f, 558-559
Lipoma(s)

corpus callosum, 1580, 1587f
corpus callosum agenesis and, 1577-1578
hepatic, 124, 125f
intracranial, fetal, 1239, 1240f
intramuscular, simulating anterior abdominal 

wall hernias, 519
midline, in corpus callosum agenesis,  

1232
pancreatic, 255, 256f
salivary gland, pediatric, 1700
scrotal, 863, 863f
simulating groin hernias, 519, 520f
spina bifida occulta with, 1255
spinal, pediatric, 1743f, 1745, 1746f-1749f

intradural, 1745, 1746f-1747f
subcutaneous, simulating anterior abdominal 

wall hernias, 519
Lipomatosis, with Shwachman-Diamond 

syndrome, 1920, 1921f
Lipomatous uterine tumors, 557f, 558-559
Lipomyelocele, spinal, pediatric, 1743f, 1745
Lipomyelomeningocele, 1254

spinal, pediatric, 1743f, 1745, 1748f
Liposarcoma, renal, 366
Lissencephaly, 1226-1227, 1227f-1228f,  

1587
classical (type 1), 1198, 1226-1227
cobblestone (type 2), 1198, 1227, 1228f

Lithium therapy, long-term, primary 
hyperparathyroidism and, 752

Lithotripters, evidence of cavitation from, 
42-43, 43f

Littoral cell angioma, splenic, 163, 164f

Kidney(s) (Continued) Ligament(s) (Continued)
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Liver, 78-145. See also Hepatic entries, e.g. 
Hepatic veins.

agenesis of, 84
anatomy of

Couinaud’s, 80-81, 81t, 82f
normal, 78-84, 79f-80f, 81t
vascular, 79, 80f

anomalies of
congenital, 86-87
developmental, 84-86
positional, 84
vascular, 84-86

biopsy of
percutaneous, 138-140
percutaneous needle, ultrasound-guided, 

618, 619f
circulation in, 81-82
cirrhosis of, 97-100, 99b, 99f

Doppler characteristics of, 100, 100f
cysts of, 86, 86f

in adult polycystic disease, 87
percutaneous management of, 634-635
peribiliary, 86

echogenicity of, 84, 85f
failure of, 89
fatty, 95-96, 97f-98f
fetal, 1329-1331

calcifications in, 1329-1331, 1332f
masses in, 1331, 1332f

fibrosis of, periportal, Caroli’s disease with, 
176

fissures of, 78-79
accessory, 84, 85f

fluid collections in, after transplantation, 
659-661, 661f-662f

focal fatty infiltration of, 96
focal nodular hyperplasia of, 118-119, 

119f-121f
characterization of, with microbubble 

contrast agents, 112f, 113,  
114t

glycogen storage disease affecting, 96-97
hemihypertrophy of, hepatoblastoma and, 

1817
herniation of, 84
infectious diseases of, 87-95

bacterial, 89-90
fungal, 91-92, 92b, 92f
parasitic, 92-94

amebiasis as, 79f, 92-93, 1818-1819
echinococcosis as, 1819-1820, 1821f
hydatid disease as, 93-94, 94b, 94f- 

95f
Pneumocystis carinii in, 94-95, 96f
schistosomiasis as, 94, 1820

viral, 87-89. See also Hepatitis.
in Kaposi’s sarcoma, 135
ligaments of, 81, 83f-84f
lobes of, 78-79, 80f
metabolic disorders of, 95-100
metastatic disease of, 130-135, 131b, 

132f-137f. See also Metastasis(es), 
hepatic.

neoplasms of, 110-135
benign, 116-124

adenoma as, 119-124, 122f-124f
angiomyolipomas as, 124, 125f
cavernous hemangioma as, 116-118, 

117f-118f
focal nodular hyperplasia as. See Liver, 

focal nodular hyperplasia of.
lipomas as, 124, 125f

characterization of, 110-113
with microbubble contrast agents, 

110-113, 111f-113f
detection of, 113-115

malignant, 124-130
epithelioid hemangioendothelioma as, 

130
hemangiosarcoma as, 129
hepatocellular carcinoma as, 124-129, 

126f-130f. See also Hepatocellular 
carcinoma (HCC).

pediatric, 1800-1844
abscess of

parasitic, 1818-1820, 1821f
pyogenic, 1818, 1821f

adenomas of, 1814
inborn errors of metabolism and, 1809

anatomy of, 1800-1804
hepatic vein, 1803-1804
portal vein, 1800-1803
segmental, external, 1800, 1801f

biliary rhabdomyosarcoma and, 1818, 
1819f

biopsy of, targeted, 2026f
cholelithiasis and, 1811-1813, 1813b, 

1813f
cirrhosis and, 1811, 1812f
congenital fibrosis of, prehepatic portal 

hypertension from, 1830-1831, 
1833f

Doppler studies of, 1820-1835
basic principles of, 1820-1822
in liver transplantation, 1835-1839
of normal flow patterns in splanchnic 

vessels, 1822
for portal hypertension, 1824-1825. See 

also Portal hypertension.
possibilities and pitfalls of, 1822-1824
sonographic technique for, 1824

fatty degeneration/infiltration of, 
1810-1811, 1811f

focal nodular hyperplasia of, 1814
granulomas of, 1820
hemangiomas of, 1814, 1815f
hepatoblastoma of, 1817-1818, 1817f
hepatocellular carcinoma and, 1818
infantile hemangioendotheliomas of, 

1814, 1816f
jaundice and, 1804-1810. See also 

Jaundice, neonatal.
left lobe of, 1800-1801, 1802f
masses in, 1814b
mesenchymal hamartomas of, 1814
metastases to, 1818, 1820f
quadrate lobe of, 1801
right lobe of, 1801-1803, 1802f
steatosis and, 1810-1811, 1811b, 1811f
tumor angiogenesis detection in, 1818
tumors of, 1813-1818

benign, 1814
identification of, 1813-1814
malignant, 1817-1818

undifferentiated embryonal sarcoma and, 
1818

pseudocirrhosis of, 136f
scalloping of, in pseudomyxoma peritonei, 

534, 537f-538f
size of, normal, 84
sonographic technique for, 78
surgical portosystemic shunts and, 136-138

intraoperative ultrasound for, 140
transjugular intrahepatic, 136-138, 139f
transjugular intrahepatic, malfunction of, 

140b
transplantation of, 640-662

arterial complications of, 647-652
celiac artery stenosis as, 652, 653f
hepatic arterial resistive index elevation 

as, 651

hepatic artery pseudoaneurysms as, 
651-652, 652f

hepatic artery stenosis as, 650-651, 
650f-651f

hepatic artery thrombosis as, 647-650, 
649f

biliary complications of, 642-647
bile duct stones as, 647, 648f
bile leaks as, 643-645, 645f
biliary sludge as, 645-647, 647f
biliary strictures as, 642-643, 643f-644f
pneumobilia as, 1837-1838, 

1839f-1840f
recurrent sclerosing cholangitis as, 645, 

646f
sphincter of Oddi dysfunction as, 647

contraindications for, 640
fluid collection after

extrahepatic, 657-659 , 660f-661f
intrahepatic, 659-661, 661f-662f

intrahepatic solid masses complicating, 
661-662, 663f-664f

living related donor, 641
lymphoproliferative disorder after, 700, 

704f
normal appearance of, 641-642, 1837f
patient selection for, 640
pediatric, Doppler studies of recipient of, 

1835-1839
with multiorgan transplants, 1839
for posttransplantation evaluation, 

1836-1839, 1837f-1840f
for pretransplantation evaluation, 

1835-1836
renal cysts complicating, 1862
surgical technique for, 640-641
venous complications of

hepatic vein stenosis as, 654-657, 659f
inferior vena cava stenosis as, 654,  

657f
inferior vena cava thrombosis as, 654, 

658f, 1800, 1836-1837
portal vein aneurysm as, 1838-1839, 

1839f-1840f
portal vein stenosis as, 653, 654f
portal vein thrombosis as, 653-654, 

655f-656f
trauma to, 135-138, 138f
vascular abnormalities in, 100-110

Budd-Chiari syndrome as, 104-108, 
105f-108f

hepatic artery aneurysm and 
pseudoaneurysm as, 109

hereditary hemorrhagic telangiectasia as, 
109

intrahepatic portosystemic venous shunts 
as, 108-109

peliosis hepatis as, 109-110, 109f
portal hypertension as, 78, 100-103, 101f. 

See also Portal hypertension.
portal vein aneurysm as, 108
portal vein thrombosis as, 103-104, 

103f-104f
veno-occlusive disease of, 107-108
volumetric imaging of, 78, 79f
as window to pleural space, 1769, 1774f

Liver flukes, 184-185, 185f-187f
Lobar emphysema, congenital, 1281, 1281f
Longus colli muscle, parathyroid adenomas 

confused with, 763
Lumbar arteries, 459, 461f
Lumbar spine deficiency, in caudal regression, 

1267
Lumbosacral agenesis, pediatric, 1752
Lumbosacral area, spina bifida in, 1256

Liver (Continued) Liver (Continued)
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Lung(s)
acoustic cavitation in, 43
agenesis of, unilateral and bilateral,  

1274
biopsy of, percutaneous needle, ultrasound-

guided, 623, 624f
congenital malformations of

bronchopulmonary sequestration as, 
1279-1281, 1280f

congenital lobar emphysema as, 1281, 
1281f

cystic adenomatoid malformation as, 
1277-1279, 1279f

spectrum of, 1276-1281
development of, stages of, 1274b
fetal

development of, 1273
space-occupying lesions and, 1273

hypoplasia of
campomelic dysplasia and, 1396f
in lethal skeletal dysplasias, 1398
lethality of skeletal dysplasia and, 

1395-1396
masses in, hydrops from, 1440
maturity of, amniocentesis for,  

1544
size of, evaluation of, 1273

hypoplasia of, 1274-1276
causes of, 1277t
primary, 1274
secondary, 1274
unilateral, mediastinal shift in, 1275-

1276, 1277f
infection/inflammation of. See Pneumonia.
pediatric

abscess in, 1778, 1779f
atelectatic, 1780, 1783f
blastoma of, 1791
consolidated, 1778-1780, 1780f-1781f
disease of, pleural disease differentiated 

from, sonography in, 560f, 1776
sequestrations in, 1789-1790, 1792f

Luteal phase defect, early pregnancy failure 
from, 1089

Luteoma of pregnancy, 578
Luxury perfusion, cerebral infarction with, 

1646-1647, 1648f
“Lying down” adrenal sign, in bilateral renal 

agenesis, 1358, 1358f
Lyme disease, pediatric, 1997-1998
Lymph node(s)

cervical. See Cervical lymph node(s).
hyperplastic, differentiation of, from 

peripheral artery pseudoaneurysms, 
1001, 1003f

malignant, differentiation of, from peripheral 
artery pseudoaneurysms, 1001, 
1003f

morphology of, 1720, 1723f
pathologic, near carotid bifurcation, 991
regional, assessment of, in breast cancer, 

824-828, 824f-828f
Doppler sonography in, 833, 835f

Lymphadenitis, pediatric, 1721, 1724f-1725f
Lymphadenopathy

causes of
age and, 1723t
site of node and, 1723t

in Crohn’s disease, 273-275, 276f
pediatric

cervical, 1720
cat-scratch, 1721, 1725f

mediastinal, 1786
supraclavicular, 1720

retroperitoneal, 481
in tuberculous peritonitis, 539

Lymphangioma(s)
abdominal, pediatric, 1916-1918, 1918f
fetal, neck, hydrops from, 1438-1439
pancreatic, pediatric, 1920
pediatric, salivary gland, 1698, 1699f
pelvic, mesenteric cysts in, 529, 530f

Lymphatic dysplasia, congenital, hydrops from, 
1443

Lymphatic malformation(s). See also Cystic 
hygroma(s).

cervical, 1189, 1191f
macroglossia in, 1184, 1187f
pediatric

chest wall, macrocystic, ultrasound-guided 
sclerotherapy of, 1795, 1797f

mediastinal, 1785, 1786f
of neck, 1718-1719, 1719f
salivary gland, 1698, 1699f
submandibular space, 1701

Lymphedema, hereditary, fetal, 1415, 1418f
Lymphoceles

after renal transplantation, 685, 691f-692f
pelvic, 596

Lymphocytic choriomeningitis, congenital, fetal 
brain development and, 1234

Lymphoma(s)
adrenal gland, 439-440, 441f
bladder, 362, 364f
gastric, endosonographic identification of, 

305
gastrointestinal, 269, 270f

pediatric, 1916-1918
hepatic, 132-134, 135f
Hodgkin’s, pediatric, as cervical or 

supraclavicular mass, 1726, 1726f
mediastinal, pediatric, biopsy of, 2002f, 

2020
non-Hodgkin’s, pediatric, as extranodal mass 

in neck, 1726
ovarian, pediatric, 1935
ovarian involvement in, 592-593
peritoneal, 533, 536f
primary, salivary gland, pediatric, 1701
renal, 362, 362b, 363f-364f

pediatric, 1875, 1875f
retroperitoneal, 481
splenic lesions in

nodular, 158, 161f
solid, 158-160

testicular, 849-850, 850b, 851f
pediatric, 1958

thyroid, 724-726, 727f
pediatric, 1712

ureteral, 362
Lymphoproliferative disorder, posttransplant, 

700
hepatic, 704f
renal, 701f-703f

Lysosomal disorders, fetal, hydrops from,  
1447

M
M-mode ultrasound, 10
Macrocephaly, 1167-1168
Macrocranium(ia)

in skeletal dysplasias, 1396
in thanatophoric dysplasia, 1398-1399

Macrocystic congenital cystic adenoid 
malformation, drainage of, 
ultrasound-guided, 1550f

Macrocysts, ovarian, pediatric, 1928-1929
Macrosomia, 1464

sonographic criteria for, 1465t-1466t
Magnetic resonance angiography (MRA)

in carotid stenosis diagnosis, 948-949
in peripheral artery evaluation, 998-999

Magnetic resonance imaging (MRI)
in fetal skeletal dysplasia evaluation, 

1397-1398
of prostate, 423

Malacoplakia, 341, 342f
Malformations, definition of, 1411
Malignancies, childhood, obstetric sonography, 

1067
Malignant melanoma, splenic lesions in, 

160-162
Malignant obstruction, upper extremity deep 

venous thrombosis from, 
1034-1035

MALToma, pediatric, 1701
Mandible, fetal, normal sonographic 

appearance of, 1168f
Mandibular prominence, 1166
Marginal insertion, in multifetal pregnancy, 

morbidity and mortality from, 
1154

Massa intermedia, enlarged, in Chiari II 
malformation, 1576-1577, 
1577f-1578f

Masseter muscle, pediatric
chloroma of, 1703f
staphylococcal infection of, 1704f

Masticator space, pediatric, pathology of, 1702, 
1703f-1704f

Mastitis, 818-819, 819f-820f
Doppler sonography of, 833, 834f

Maternal floor infarction, 1509, 1509f
Mathias laterality sequence, spina bifida and, 

1255
Maxilla, fetal, normal sonographic appearance 

of, 1168f
Maxillary prominence, 1166
May-Thurner physiology, 474-475,  

476f
Mayer-Rokitansky-Küster-Hauser syndrome, 

1937-1938, 1938f
MBO. See Mechanical bowel obstruction 

(MBO).
MCA. See Middle cerebral artery (MCA).
McCune-Albright syndrome, ovarian cysts and, 

1929-1930
Mean gestational sac diameter

in gestational age determination, 1456, 
1456t

yolk sac and, 1082
Mean velocity, in pulsatility index calculation, 

1474
Mechanical beam steering, 11
Mechanical bowel obstruction (MBO), 

296-299
afferent loop, 298
closed-loop, 297, 299f
intussusception causing, 298-299,  

300f
midgut malrotation predisposing to,  

299
sonographic assessment of, 297

Mechanical index (MI)
for acoustic cavitation, 44-45, 45f
definition of, 58
microbubble contrast agent-ultrasound 

interaction and, 58, 110
in obstetric sonography, 1062

Mechanical sector scanners, 12
Mechanical ventilation, in neonates/infants, 

Doppler studies of brain and, 
1643-1644, 1644f

Meckel-Gruber syndrome
cystic kidneys in, 1353, 1365
Dandy-Walker malformation differentiated 

from, 1582-1583
spina bifida and, 1255
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Meckel’s diverticulum
intussusception and, 1903
pediatric, inflamed, appendicitis 

differentiated from, 1913-1915, 
1916f

small bowel obstruction from, 1902f
Meconium ileus, neonatal bowel obstruction 

from, 1971, 1971f
Meconium periorchitis, pediatric, focal 

calcifications from, 1961, 1961f
Meconium peritonitis

fetal, 1338, 1338b, 1339f
hydrops from, 1432f, 1442, 1442f
massive ascites in, 1431, 1432f

pediatric, cystic, 1901, 1903f
Meconium plug syndrome, neonatal bowel 

obstruction from, 1971
Meconium pseudocysts, 1338, 1339f-1340f

ovarian cysts differentiated from, 1383
Medial fibroplasia, renal artery stenosis and, 

461
Medial nasal prominence, 1166, 1167f
Median arcuate ligament syndrome, 470
Median nerve, normal sonographic appearance 

of, 907-908, 909f, 913f
Mediastinal shift, in unilateral pulmonary 

hypoplasia, 1275-1276, 1277f
Mediastinum. See also Thymus.

fetal, masses in, hydrops from, 1437f, 1439
pediatric, 1781-1788

longitudinal planes in, 1785, 1787f
lymphatic malformations in, 1785, 1786f
masses in, 1785-1786

biopsy of, 2020, 2024f
normal, 1785, 1787f-1788f
transverse planes in, 1785, 1788f

Mediastinum testis, 840-841, 841f-842f
pediatric, 1944, 1945f

Medulla
cerebral, as landmark for foramen magnum 

approach, 1655-1657, 1658f
ovarian, 548
renal, in pediatric kidney, 1851-1852, 1853f

calcium deposition in, 1869, 1870f
Medullary carcinoma, of thyroid, 720-723, 

725f-726f
pediatric, 1710-1711

Medullary nephrocalcinosis, 346-347, 349f
Medullary sponge kidney, 347-348, 348f, 369

calcium deposition in, 1869
Mega-cisterna magna, fetal

arachnoid cysts differentiated from, 1224
normal sonographic appearance of, 1199

Megacystic-microcolon-intestinal hypoperistalsis 
syndrome, fetal, 1336

Megacystic-microcolon-malrotation-intestinal 
hypoperistalsis syndrome, pediatric 
hydronephrosis and, 1858-1859

Megacystis, fetal, 1336, 1374, 1374b, 1374f
megalourethra and, 1376f
in prune belly syndrome, 1376
thickened nuchal translucency and, 1129f

Megacystis-microcolon-intestinal hypoperistalsis 
syndrome, 1377

Megalourethra, fetal, urinary tract obstruction 
in, 1376-1377, 1376f

Megaureter(s)
fetal, 1372-1373
primary, pediatric hydronephrosis and, 1856, 

1857f
Meigs syndrome, ovarian neoplasms and, 

591-592
Membranous ventricular septal defect, 1306
Ménétrier’s disease, gastric mucosa thickening 

in, 1896
Meningeal layer, in myelocystocele, 1263

Meningitis, neonatal/infant, 1622-1623, 
1623f-1624f

Meningocele
fetal, 1247

cranial, 1212
definition of, 1254t
lumbar, sonographic findings in, 1245
pathogenesis of, 1255
spina bifida occulta with, 1255

pediatric, 1745
dorsal, 1745
lateral, 1745

Meningoencephalocele, 1247
Menopause

endometrial appearance after, 552, 553f
endometrium after, 562, 563f
ovaries after, 573-575, 575f

Menstrual age. See also Gestational age.
definition of, 1455
usage of term, 1197

Menstrual cycle, interrelationships in, 1074f
Mesencephalon, formation of, 1072
Mesenchymal dysplasia, of placenta, 1512, 

1512f
Mesenchymal tumors, intracranial, fetal, 1238
Mesenchyme, formation of, 1078
Mesenteric adenitis, 291

pediatric, 1913-1915, 1915f
appendicitis differentiated from, 1975, 

1975f
Mesenteric adenopathy, in acute abdomen, 

284-285
Mesenteric artery(ies), 467-474

anatomy of, 467-468
aortography of, 473f
celiac artery as, 467. See also Celiac artery 

(CA).
duplex Doppler sonography of, 470-474, 

471f-473f
interpretation of, 471-474, 473f-475f

inferior
anatomy of, 467-468, 469f
connections of, with superior mesenteric 

artery, 468, 469f-470f
duplex Doppler sonography of, 471
stenosis of, 471, 473f

ischemia of, 468-470
in median arcuate ligament syndrome, 470
stenosis of, turbulence after, 471, 473f
superior

anatomy of, 467, 468f
connections of, with inferior mesenteric 

artery, 468, 469f-470f
duplex Doppler sonography of, 471
occluded, 474, 475f
stenosis of, 474f

Mesenteric cyst(s), 529, 530f
fetal, ovarian cysts differentiated from, 1383
pediatric, 1915, 1917f

ovarian cysts differentiated from, 
1929-1930

Mesenteric hemangioma, pediatric, 1916-1918, 
1919f

Mesenteric lymphangioma, pediatric, 1918f
Mesenteric vein(s)

clots in, in acute pancreatitis, 229-231, 233f
pediatric

Doppler studies of, best approaches for, 
1824

flow direction in, in portal hypertension, 
1824

Mesentery, small bowel, 524-525, 525f
Mesoblastic nephroma

congenital, 1367, 1368f
pediatric, 1873-1874, 1874f

Mesocardia, 1297

Mesocolon, transverse, inflammation of, in 
acute pancreatitis, 229-231, 232f

Mesoderm layer, of trilaminar embryonic disc, 
1245, 1246f

Mesomelia, 1394, 1394b, 1394f
Mesonephros, 318, 318f
Mesorchium, torsion of, 1949-1950
Mesotenon, 902-903
Mesothelioma(s)

cardiac, in infants, 1317
multicystic, 528
pediatric, 1790f
peritoneal, primary, 532-533, 536f

Meta-atropic dysplasia, pediatric, 2002
Meta-cisterna magna, 1223-1224, 1223f
Metabolic disorders

brain abnormalities from, 1592
fetal, hydrops from, 1447

Metabolic syndrome, fatty liver in, 95
Metabolism, inborn errors of, jaundice and, 

1808-1810, 1810b
Metacarpophalangeal joints, injection of, 

short-axis approach to, 938
Metanephrogenic blastoma, in kidney 

development, 318, 318f
Metanephros, 318, 318f, 1078
Metaphyseal fracture, pediatric, 1999-2000
Metastasis(es)

adrenal, 440-441
biliary tree, 197, 198f
bladder, 364, 365f
of breast cancer, regional lymph node 

assessment for, 824-828, 
824f-828f

Doppler sonography in, 833, 835f
to cervical nodes, in pediatric patients, 

1726-1727
gastrointestinal, 271-272, 272f
hepatic, 130-135, 131b, 132f-137f

biopsy of, 619f
bulls-eye pattern of, 133f, 134
calcified, 134-135, 134f
in children, 1818, 1820f
cystic, 134f, 135
echogenic, 132, 134f
hypoechoic, 132-134, 133f-135f
infiltrative, 132f, 135
target pattern of, 133f, 134

ovarian, pediatric, 1935
of ovarian cancer, 592-593, 592f
pancreatic, 256, 256f
peritoneal, 529-532, 530f-534f
renal, 363-364, 365f
of renal cell carcinoma, hypoechoic, 1778f
salivary gland, pediatric, 1701, 1701f
splenic

biopsy of, 624f
nodular lesions in, 158
solid lesions in, 160-162

testicular, 849-852, 850b, 851f-852f
pediatric, 1958

thyroid, 726, 728f
ureteral, 364

Metatarsophalangeal joints, injection of, 
short-axis approach to, 938, 938f

Methotrexate, in ectopic pregnancy 
management, 1109-1110, 1110f

MI. See Mechanical index (MI).
Micrencephaly, 1224-1225
Microabscesses, splenic, 157-158, 161f
Microaneurysms, in interposition grafts for 

dialysis, 1014
Microbubble technology, future of, 72-73, 73f
Microbubbles

acoustic behavior of, regimens of, 57-58, 57t
as blood pool contrast agents, 55, 56f
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resonance of, in ultrasound field, 58, 59f
ultrasound-tissue interactions with, 71-72

Microcalcification(s)
in endometrium and myometrium, 552
solid breast nodules with, 800, 801f
in thyroid nodules, 718, 719f, 732

Microcephaly, 1167-1168, 1224-1226, 1225f
sloped forehead in, 1172, 1174f

Microcolon, fetal, 1336
in megacystis-microcolon-intestinal 

hypoperistalsis syndrome, 1377
Microemboli, cerebral, in pediatric procedures, 

transcranial Doppler detection of, 
1675-1676

Microembolization, intraoperative, detection 
of, transcranial Doppler in, 985

Microencephaly, temperature increase in utero 
and, 1063

Microgallbladder, in biliary atresia, 1807
Micrognathia, thickened nuchal translucency 

and, 1129f
Microlithiasis, 201

acute pancreatitis from, 227
testicular, 856, 857f, 858

pediatric, 1961, 1961f
Micromelia, 1394, 1394b, 1394f

fetal
in achondrogenesis, 1402, 1402f
in lethal skeletal dysplasias, 1398
severe

with decreased thoracic circumference, 
1399t

in hypophosphatasia congenita, 1404
in osteogenesis imperfecta type II, 

1403, 1404f
in thanatophoric dysplasia, 1398-1399

Micromelic dysplasia
bowed, features of, 1409t
mild, features of, 1409t

Micropenis, fetal, 1380-1381
Microphthalmia, 1173, 1177f, 1178b

midface hypoplasia with, 1181f
temperature increase in utero and, 1063

Microstomia, 1188, 1189f
Microtia, 1178

hypotelorism and, 1175f
Midaortic syndrome, renal artery stenosis and, 

463
Middle cerebral artery (MCA)

Doppler studies of, in fetal alloimmunization 
detection, 1433

Doppler waveform analysis of, in 
intrauterine growth restriction, 
1477-1481, 1478f-1479f. See also 
Intrauterine growth restriction 
(IUGR), Doppler waveform 
analysis in, of middle cerebral 
artery.

neonatal/infant, in coronal imaging, 1560
peak systolic velocity in, fetal hemoglobin 

and, 1489-1491
pulsatility index in, decreased, in IUGR, 

1474
Midface abnormalities, 1178-1184

absent nasal bone as, 1179-1182, 1182f
cleft lip and palate as, 1182-1184, 1182b, 

1183f-1184f
hypoplasia as, 1178-1179

Midface hypoplasia, craniosynostosis and, 1169
Midline, in sagittal imaging of neonatal/infant 

brain, 1562, 1564f
Midline falx, fetal, routine sonographic view of, 

1049f
Migraine headaches, transcranial Doppler in 

evaluation of, 1660-1661

Migrational abnormalities, corpus callosum 
agenesis and, 1577-1578

Milk allergy, gastric mucosa thickening in, 
1896

Milk of calcium, in breast cysts, 810, 
811f-812f

Milk of calcium bile, 201, 201f
Milk of calcium cysts, complicating renal 

transplantation, 670, 674f
Miller-Dieker syndrome, diagnosis of, 1226
Mineralization

abnormal, in achondrogenesis, 1402,  
1402f

decreased
in hypophosphatasia congenita, 1404, 

1406f
in osteogenesis imperfecta type II, 1403, 

1405f
of thalamostriate vessels, 1234, 1234f

Mirizzi syndrome, 181, 181f
Mirror syndrome, in hydrops, 1449
Miscarriage

after amniocentesis, rate of, 1543, 
1545-1546

after chorionic villus sampling, rate of, 
1545-1546

Misregistration, of structure, refraction and, 
6-7, 6f

Misregistration artifact, 4f
Mitral regurgitation

fetal, hydrops from, 1436
in growth restricted fetus, 1486

Mitral stenosis, fetal, hydrops from, 1436
Molar pregnancy. See Hydatidiform molar 

pregnancy.
Mole, Breus, 1506-1508
Mononucleosis, of parotid gland, pediatric, 

1694f
Monorchidism, 1945-1946
Morgagni hernia, 1285

pediatric, 1791f
Morton’s neuromas, injection for, 941, 942f
Morula, 1075, 1075f
Mosaicism, confined placental, 1545
Motor function, impaired, in spina bifida, 

1263
Moyamoya, in pediatric sickle cell disease, 

1680f
progression of, 1686f

Mucinous cystadenocarcinoma, ovarian, 586f, 
587

Mucinous cystadenoma, ovarian, 587, 587f
Mucocele, of appendix, 303, 304f
Mucoepidermoid carcinoma, salivary gland, 

pediatric, 1699-1700
Müllerian duct cysts, 404

pediatric, 1966, 1967f
Müllerian ducts

anomalies of, 554, 556t
duplication of, 1936-1937

Multicystic dysplastic kidney
fetal, 1361-1362, 1361f-1362f
pediatric, 1861, 1862f

Multicystic mesotheliomas, 528
Multifetal pregnancy, 1145-1165

amniocentesis in, 1152
technique for, 1545

amnionicity in, 1146, 1146t, 1147f
determining, 1082-1084
sonographic determination of, 1147-1148, 

1150b
aneuploidy screening in, 1122
cervical assessment in, 1537
chorionicity in, 1146, 1146t, 1147f

sonographic determination of, 1147-1148, 
1150b

complications of, 1154-1160
in monoamniotic twins, 1158-1160
in monochorionic twins, 1154-1158

Doppler studies in, 1491
first-trimester scans in, 1042, 1044f
hydrops in, 1443-1444
identification of, routine ultrasound 

screening in, 1056
incidence of, 1145-1146
maternal serum alpha-fetoprotein elevation 

in, 1256
morbidity and mortality in, 1148-1154

cerebral palsy and, 1150
cervical incompetence and, 1153-1154, 

1154f
discordant growth and, 1152-1153
growth restriction and, 1152-1153
intrauterine fetal demise and, 1150, 1152f
intrauterine growth restriction and, 

1148-1150
marginal insertion and, 1154
placental abnormalities and, 1154
premature delivery and, 1148-1150,  

1153
prematurity and, 1148-1150
structural anomalies and, 1150

screening tests for, 1151-1152
velamentous insertion and, 1154

placentation and, 1146, 1147f
risk factors for, 1145b
selective reduction in, 1160-1161, 1549

complications of, 1549
indications for, 1549
technique for, 1549

zygosity and, 1146, 1147f
Multilocular cystic nephroma, 372-373, 373f
Multipath artifact, 20, 20f
Multiple endocrine neoplasia (MEN), 437
Multiple endocrine neoplasia (MEN) 

syndromes
type I, primary hyperparathyroidism and, 

752
type II, medullary carcinoma of thyroid in, 

720-721, 725f
Multiple gland disease, parathyroid adenomas 

in, 753-754, 756f
Mumps

endocardial fibroelastosis from, 1318-1319
orchitis in, pediatric, 1952
parotitis from, pediatric, 1694

MURCS association, 1752
Murphy’s sign, 203-204

positive, gallbladder wall thickening and, 
207f

Muscle-eye-brain disease, cobblestone 
lissencephaly in, 1227

Muscles, atrophy of, in rotator cuff tear, 896
Muscular dystrophy, congenital, cobblestone 

lissencephaly with, 1227
Muscular ventricular septal defect, 1306,  

1308f
Musculoskeletal system. See also Bone(s) ; 

Skeleton ; Tendon(s) ; specific 
bones, muscles, and tendons.

injections for
bursal, 943, 944f
of deep tendons, 942-943

biceps, 943, 943f
iliopsoas, 943, 944f

ganglion cyst, 943, 945f
intratendinous, 945-946, 946f
of joints, 938-939, 938f-939f
materials for, 937-938

anesthetics as, 937-938
corticosteroids as, 937

Microbubbles (Continued) Multifetal pregnancy (Continued)
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superficial peritendinous and periarticular, 
939-942

for foot and ankle, 939-941, 940f-942f
for hand and wrist, 941-942, 942f

technique for, 936-937, 937f
long-axis approach to, 936-937, 937f
short-axis approach to, 936-937, 938f

interventions for, 935-947
technical considerations for, 935-936

pediatric
congenital abnormalities of, 2001-2003
hip in, 1982. See also Hip(s), pediatric.
inflammation and, 1996-1999

infectious, 1996-1999
noninfectious, 1999

trauma to, 1999-2001
Mycobacterial infections, pediatric, 

lymphadenitis differentiated from, 
1721

Myelination
development of, 1197-1198
in organogenesis, 1575-1576

Myelitis, transverse, pediatric, neurogenic 
bladder from, 1964

Myelocystocele
fetal, 1263-1264, 1264f-1265f
pediatric, 1747, 1750f

Myelodysplasia, 1395
Myelolipomas, adrenal, 435-437, 436f, 437b
Myeloma, testicular involvement in, 850
Myelomeningocele(s), 1247, 1742-1743, 1743f

in Chiari II malformation, 1742-1743, 
1744f

closed, 1582f
definition of, 1254t
fetal surgery for, 1263
open vs. closed, 1255
pathogenesis of, 1255
pediatric, neurogenic bladder from, 1964
prognosis for, 1263
spina bifida with, sonographic findings in, 

1260f
Myelopoiesis, abnormal, fetal, 1331
Myeloschisis, 1247, 1255

definition of, 1254t
sonographic findings in, 1245

Myocardium, fetal, function of, decreased, 
hydrops from, 1438

Myometrium, 547-548
abnormalities of, 556-561

adenomyosis as, 559-560, 560b, 560f
arteriovenous malformations as, 560-561, 

561f
leiomyoma as, 556-558, 556b, 557f-558f, 

558b
leiomyosarcoma as, 559, 559f
lipomatous uterine tumors as, 558-559

layers of, 551
Myopathy, congenital, pediatric, 2002
Myositis ossificans, 1999-2000

abscess differentiated from, 1996-1997

N
Nabothian cysts, 569, 570f, 1530
Nanodroplets, therapeutic use of, 72
Nasal placodes, 1166, 1167f
Nasolacrimal ducts, obstruction of, 

dacryocystocele from, 1174-1178, 
1180f

Near field, of beam, 8-9
Neck

fetal
abnormalities of, 1188-1191

cervical teratoma as, 1189-1191, 1192f
goiter as, 1191, 1193f

hydrops from, 1438-1439
lymphatic malformation as, 1189, 

1191f
nuchal translucency and, thickening of, 

1188-1189
thyromegaly as, 1191

embryology and development of, 1167
normal sonographic appearance of, 1167, 

1169f
pediatric

carotid space of, 1713
congenital abnormalities of, 1713-1720

branchial, 1713-1715
danger space of, 1713
deep cervical fascia of, 1690, 1691f
fibromatosis coli and, 1721-1725, 1726f
inflammatory disease of, 1720-1727
infrahyoid space of, 1703-1713. See also 

Infrahyoid space, pediatric.
lesions of, sclerotherapy for, 2028, 

2030f-2031f
neoplasms of, 1725-1726, 1726f-1727f
normal anatomy of, 1690
prevertebral space of, 1713
retropharyngeal space of, 1713
rhabdomyosarcoma of, 1727
superficial fascia of, 1690, 1691f
suprahyoid space of, 1690-1702. See also 

Suprahyoid space, pediatric.
tumors of, 1718
vascular anomalies of, 1728, 1728f- 

1729f
vascular malformations of, 1718-1720

Necrotic mass, abscess differentiated from, 
1996-1997

Necrotizing enterocolitis, pediatric, 1907-1912, 
1911f, 1912b

Needle(s)
for biopsy, 615, 616f

guidance systems for, 615, 616f
selection of, 614-615, 1996-1999
visualization of, 616-618, 617f

Chiba, 1996
large-caliber, uses of, 615
for musculoskeletal interventions, selection 

of, 935, 936f
small-caliber, uses of, 614-615

Neonatal resuscitation, in hydrops, 1450
Neonates, brain imaging in, 1558-1636. See 

also Brain, neonatal/infant, 
imaging of.

Nephrectomy, evaluation after, 384-385
Nephritis

interstitial, infectious, 1863-1864
tubulointerstitial, interstitial renal graft 

rejection resembling, 1882
Nephroblastoma, pediatric, 1872-1873,  

1873f
Nephrocalcinosis, 346-348, 349f

hyperechogenic kidneys in, 1366-1367
pediatric, 1865-1869, 1870f

causes of, 1869b
Nephroma

cystic
multilocular, 372-373, 373f
pediatric, 1875

mesoblastic
congenital, 1367, 1368f
pediatric, 1873-1874, 1874f

Nephronophthisis
familial juvenile, 369-371
juvenile, 1861

Nephropathy
HIV-associated, 340, 341f
reflux, 334, 335f

Nephrosis
congenital, maternal serum alpha-fetoprotein 

elevation in, 1256
Finnish, hyperechogenic kidneys in, 

1366-1367
Nerve(s)

ilioinguinal, entrapment of, after 
herniorrhaphy, 515

normal sonographic appearance of, 907, 
909f

Nesidioblastosis, pancreatic enlargement with, 
1920, 1921f

Neural arch, ossification of, 1247
Neural canal, in spine embryology, 1245
Neural crest cells, 1166, 1733
Neural placode, in myelocele and 

myelomeningocele, 1742, 
1743f-1744f

Neural plate, in spine embryology, 1245,  
1247t

Neural process, of vertebrae, 1247
Neural tube

closure of, 1574
abnormalities of, 1247, 1576-1583

formation of, 1574, 1733, 1734f
in spine embryology, 1245, 1246f, 1247t

Neural tube defects (NTDs). See also specific 
defect, e.g. Spina bifida.

congenital diaphragmatic hernia and, 1287
descriptions of, 1247
risk factors for, 1254-1255, 1255b
teratogens inducing, 1247
X-linked, 1255

Neurenteric cyst, fetal, 1283
Neuroblastoma(s)

adrenal, fetal, 1368, 1368f
intraspinal, pediatric, 1752, 1757f-1758f
metastasis of, to testes, 1958
metastatic to neck in children, 1726-1727, 

1727f
ovarian, pediatric, 1935
pediatric, 1873, 1874f
of presacral space, pediatric, 1976, 1977f

Neuroectodermal tumors, primitive, neonatal/
infant brain and, 1558

Neuroepithelial tumors, intracranial, fetal, 
1238

Neurofibroma(s)
bladder, 366

pediatric, 1969-1970
salivary gland, pediatric, 1700
vaginal, 570-571

Neurofibromatosis
prenatal intracranial tumors in, 1238
renal artery stenosis and, 463

Neurogenic bladder, 383-384, 384f
pediatric, 1964-1966

pediatric hydronephrosis and, 1856
Neurogenic tumors, pediatric, mediastinal, 

1786
Neurologic development, obstetric sonography 

and, 1067
Neuroma(s)

interdigital, injection for, 941, 942f
plexiform, in intraoperative procedures, 

1676f
Neuronal proliferation, in organogenesis, 

1575-1576
Neurons

development of, 1198
neonatal/infant, injury to, diffuse, Doppler 

studies of brain and, 1645-1646
Neurulation, 1078

in spine embryology, 1245, 1733, 1734f
Nevus, giant pigmented, choroid plexus 

papillomas in, 1238

Musculoskeletal system (Continued) Neck (Continued)
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Nipple discharge, ultrasound examination for, 
817-818

Nodular lesions
splenic, 156-158
thyroid, 711-741. See also Thyroid gland, 

nodular disease of.
Non-Hodgkin’s lymphoma

pediatric, as extranodal mass in neck, 1726
of peritoneum, 533, 536f
splenic lesions in, 158-160, 161f

Nonatherosclerotic carotid disease, 979-984. 
See also Carotid artery(ies), 
nonatherosclerotic disease of.

evaluation of, 949
Nondysjunction, postzygotic, 1148
Nonlinear backscatter, 58-65
Nonrhizomelic chondrodysplasia punctata, 

1410-1411
Nonstress test, in biophysical profile (BPP) 

scoring, 1493
Noonan syndrome

gonadal dysgenesis and, 1942
low-set ears in, 1178
pulmonic stenosis in, 1316

Norepinephrine, secretion of, 431
North American Symptomatic Carotid 

Endarterectomy Trial, 948, 962
Nose, fetal

bones of
absent or hypoplastic, 1179-1182, 1182f
in aneuploidy screening, 1125-1127, 

1126b, 1127f
normal sonographic appearance of, 1168f
saddle, in skeletal dysplasias, 1396

Notochord, in spine embryology, 1245, 1246f, 
1247t

Notochordal process, in spine embryology, 
1245, 1247t

Notochordal remnants, in spine embryology, 
1245-1247, 1246f

NT. See Nuchal translucency.
Nuchal cord, 1516
Nuchal fold, in trisomy 21, 1130-1131, 1131f, 

1188-1189
Nuchal translucency (NT)

in assessing for aneuploidy risk, 1042-1043, 
1043f, 1072-1073

echogenic material in yolk sac and, 1096
measurement technique for, standardization 

of, 1123-1125, 1125b
in screening for anomalies in twins, 1151
screening of, human studies on, 1066
thickened

conditions associated with, 1188-1189
in congenital heart defects, 1127-1128
in cystic hygroma, hydrops and, 

1438-1439
with normal karyotype, 1127-1129, 1129f
structural abnormalities and, 1129f

in trisomy 13, 1125
in trisomy 18, 1125
in trisomy 21, 550f, 1120-1122

Nutrients, transfer of, yolk sac in, 1082

O
Obesity

fatty liver in, 95
renal duplex Doppler sonography in, 461, 

462f, 462t
Obstetric sonography. See also Embryo(s) ; 

Fetal entries; Fetus ; Pregnancy.
behavioral issues and, 1067
bioeffects of, 1061-1071. See also Bioeffects, 

of obstetric sonography.
birth weight and, 1066
childhood malignancies and, 1067

congenital malformations and, 1067
delayed speech and, 1066
duration of, as function of thermal index, 

1062f
dyslexia and, 1066-1067
equipment for, 1040-1041
in first trimester, 1072-1118. See also 

Pregnancy, first trimester of.
guidelines for

in first trimester, 1041-1043, 1041b
in second and third trimesters, 1043-

1047, 1045b
for level I examination, 1045-1046, 

1046f-1048f
for level II examination, 1046-1047, 

1047b, 1049f-1055f
in hydrops diagnosis, 1447-1448
indications for, 1040, 1041b
neurologic development and, 1067
non-right-handedness and, 1067
overview of, 1040-1060
personnel for, 1040-1041
for routine screening, 1047-1057

benefits of, 1056b
for fetal malformations, diagnostic 

accuracy of, 1056-1057
in gestational age estimation, 1047-1056
perinatal outcomes and, 1056
prudent use of, 1057
three- and four-dimensional ultrasound in, 

1057
in twin/multiple pregnancy identification, 

1056
safety of, 1061-1071. See also Bioeffects, of 

obstetric sonography.
guidelines for, 1067-1068

training for, 1040-1041
Obstructive cystic renal dysplasia, 1362-1363, 

1362f-1363f
Occipital horn(s)

fetal, atrium of, transverse measurement of, 
in ventriculomegaly evaluation, 
1207-1208, 1209f

neonatal/infant
in coronal imaging, 1562
in corpus callosum agenesis, 1578, 

1583f-1584f
in posterior fontanelle imaging, 1566f, 

1575
Occipital lobe cortex, neonatal/infant, in 

coronal imaging, 1561f, 1562
Occipitofrontal diameter, in gestational age 

determination, 1457-1458,  
1458f

Occipitoparietal fissure, neonatal/infant, 
development of, 1569-1570,  
1571f

OEIS complex, 1379-1380
Oligodactyly

definition of, 1411
fetal, 1418f

Oligohydramnios
definition of, 1357
diagnostic significance of, 1357-1358
early, predicting abnormal outcome, 1093, 

1095f
fetal lung size and, 1273
from placental dysfunction, 1494-1495
as prerequisite for vesicoamniotic shunting, 

1379
in renal agenesis, 1112-1113
in sirenomelia, 1267

Omental cakes, from GI tract metastases, 271
Omental infarction, pediatric, appendicitis 

differentiated from, 1913-1915

Omentum, 525
cysts of, pediatric, ovarian cysts differentiated 

from, 1929-1930
greater, 525
infarction of, right-sided segmental, 

291-293, 293f, 541-542, 542f
lesser, 525

Omohyoid muscle, 709f, 711
Omphalocele

detection of, early, 1042-1043, 1045f
fetal, 1343-1344, 1343f-1345f
liver herniation in, 84
maternal serum alpha-fetoprotein elevation 

in, 1256
in Miller-Dieker syndrome, 1226-1227
with open spina bifida, 1257-1263
thickened nuchal translucency and, 1129f
in triploidy, 1138f
in trisomy 18, 1138f

Omphalocele-exstrophy-imperforate anus-spinal 
defects, 1346, 1348f

Omphalomesenteric duct, 1086-1087
Omphalopagus twins, 1158-1160, 1161f- 

1162f
Oncocytoma, renal, 354f, 360
Oocyte, transport of, 1072
Ophthalmic artery

abnormal, in pediatric sickle cell disease, 
1677f, 1679f, 1682f

evaluation of, orbital approach to, 1657, 
1659f

Opisthorchiasis, 185
Optison, 55

harmonic emission from, 59-60, 60f
Oral contraceptives, hepatic adenomas and, 

1814
Orbits, fetal

abnormalities in, 1172-1178
anophthalmia as, 1173, 1177f
coloboma as, 561f, 1174
congenital cataracts as, 1178, 1178b
dacryocystocele as, 1174-1178, 1180f
exorbitism as, 1172
hypertelorism as, 1173, 1173b, 1176f-

1177f, 1181f
hypotelorism as, 1172, 1173b, 

1175f-1176f
microphthalmia as, 1173, 1177f, 1178b
proptosis as, 1172

diameters of, normal, 1175t
normal sonographic appearance of, 1168f

Orchitis, pediatric, 1952
epididymitis and, 1952
isolated, 1952
mumps, 1952

Organ transplantation, 639-706. See also 
Transplantation, organ , and 
specific organ, e.g., Kidney(s), Liver, 
Pancreas.

Organogenesis
definition of, 1574, 1575b
stages of, 1574, 1575f

Oriental cholangiohepatitis, 185
Oropharynx, teratomas of, 1189-1191
Ortolani test, in determining hip stability, 

1984
Osgood-Schlatter disease, 926-927, 928f
Osler-Weber-Rendu disease, 109
Ossification centers

in cartilage in chondrodysplasia punctata, 
1410

primary, 1390
secondary, 1390, 1391f

Osteochondrodysplasias, prevalence of, 1390t, 
1421

Osteochondromas, of tendons, 927

Obstetric sonography (Continued)
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Osteochondroses, nonarticular, tendons in, 
926-927, 928f

Osteogenesis, normal, 1390
Osteogenesis imperfecta, 1402-1404

anencephaly differentiated from, 1212
bowing of long bones in, 1392f, 1395
classification of, by type, 1403t
facial profile in, 1406f
fractures in, 1403, 1404f-1405f
sonographic appearance of, 1392f
type I, 1403t, 1405f, 1411

calvarium in, 3-D CT reconstruction of, 
1397-1398, 1399f

type II, 1403-1404, 1403t, 1404f-1405f
calvarial compressibility in, 1396, 1403, 

1405f
diagnosis of, 1389
hypophosphatasia congenita differentiated 

from, 1404
type III, 1403t, 1405f, 1411
type IV, 1411
wormian bones in, 1171

Osteomyelitis, pediatric, 1996, 1998, 1999f
of costochondral junction, aspiration and 

drainage of, 2027f
of ribs, 1798

Ostium primum, 1305, 1305f
Ostium primum atrial septal defect, 1305, 

1306f, 1308f
Ostium secundum, 1305, 1305f
Ostium secundum atrial septal defect, 1305, 

1306f
Osteitis pubis, sports hernia and, 502-504
Otocephaly, 1178
Outflow tracts, fetal, routine sonographic views 

of, 1051f
Ovarian artery(ies), 548-549

pediatric, 1929
Ovarian crescent sign, 587
Ovarian cycle, 1075f
Ovarian echogenic foci, 573, 574f
Ovarian follicles, 1073
Ovarian fossa, 548
Ovarian hyperstimulation syndrome, 576-577, 

578f
Ovarian remnant syndrome, 578
Ovarian vein(s), 548-549

thrombophlebitis of, 597, 599f
thrombosis of, 380

Ovary(ies), 548, 571-593
anatomy of, sonographic, 572-573, 574f
cysts of

dermoid, 588-590, 589f
in first trimester, 1113-1114, 1115f

fetal, 1383, 1383f
functional, 575-576
hemorrhagic, 576, 577f
paraovarian, 578-579
percutaneous management of, 635
peritoneal inclusion, 578-579, 579f
postmenopausal, 575, 575f
in triploidy, 1138f

edema of, massive, 584
endometriosis in, 579-580, 580f
fetal, cysts of, 1383, 1383f
hyperstimulated, 576-577, 578f
masses of

in first trimester, 1113-1114, 1114f-1115f
sonographic features of, suggestive of 

disease, 596t
in menstrual cycle, 1074f
neoplasms of, 584-593, 585t

borderline, 587
clear cell, 588
endometrioid, 587-588
fibromas as, 591-592, 592f

germ cell, 588-590
granulosa cell, 590-591
Meigs syndrome and, 591-592
metastatic, 592-593, 592f
Sertoli-Leydig cell, 591
sex cord-stromal, 590-592
surface epithelial-stromal, 586-588, 586f
transitional cell, 588, 588f

nonneoplastic lesions of, 575-584
cysts as, functional, 575-576
cysts of, hemorrhagic, 576, 577f

pediatric, 1928-1929
blood supply of, 1929
cysts of, 1928-1932

corpus luteal, 1930
follicular, 1930
hemorrhagic, 1932, 1933f
in polycystic ovarian disease, 1932, 

1934f
theca lutein, 1930
torsion of, 1930-1932, 1931f

ectopic, 1929f
edema of, massive, 1932-1933, 1934f
macrocysts of, 1928-1929
metastasis to, 1935
neoplasms of, 1932b, 1934-1935, 1935f

pseudoprecocious puberty and, 1943
normal, 1929f
in pelvic inflammatory disease, 1940-

1942, 1941f
torsion of, 1930-1932, 1931f, 1932b
volume measurements for, 1928, 1929t

polycystic ovarian syndrome and, 580-581, 
582f

postmenopausal, 573-575, 575f
cysts in, 575, 575f

pregnancy-associated lesions of, 576-578, 
578f

rupture of, in first trimester, 1113
teratoma of, immature, 590
torsion of, 581-584, 582f-583f

in first trimester, 1113
Ovotestis, in true hermaphroditism, 1946, 

1947f
Ovulation, 1073
Oxygenation, extracorporeal membrane

complications of, 1606
in neonates/infants, Doppler studies of brain 

and, 1644-1645, 1645f-1646f

P
Pacchionian, 1206-1207
Pacemaker lead, upper extremity deep venous 

thrombosis from, 1034-1035
Pachygyria, 1198, 1227

in lissencephaly, 1226
Paget-Schroetter syndrome, pediatric, 

subclavian vein thrombosis in, 
1781-1784, 1785f

Pain
in deep venous thrombosis, 1026
as indication for ultrasound-guided 

musculoskeletal injections, 935
Palate

cleft, 1182-1184. See also Cleft lip/palate.
secondary

cleft of, isolated, 1184
fetal, 1167, 1168f

Pancreas, 216-260
abscesses of, 235

drainage of, 236
ultrasound-guided, 631-632

anatomic variants of, 224-225
anatomy of, 216-226

of surrounding structures, 225-226, 226f

biopsy of, percutaneous needle, ultrasound-
guided, 618-620, 620f

body of, 217-218, 217f
cysts of, 247-252, 248f

high-risk features of, 249b
simple, 249, 249f-250f

embryology of, 221-224, 224f
endocrine tumors of, 253-255, 254f-255f, 

254t
enlarged, in acute pancreatitis, 228, 229f
fatty, 219f, 223f
fetal, 1334
fluid collections in, drainage of, ultrasound-

guided, 631-632, 633f
head of, 218-219, 218f-219f
inflammatory process in. See Pancreatitis.
lipoma of, 255, 256f
neoplasms of, 243-247

carcinoma as, 243-244, 244b, 244f
color Doppler ultrasound in, 247, 

247f-248f, 248t
detection of, 244-247
resectability imaging in, 246, 247b
ultrasound findings in, 244-246, 

244f-246f
cystic, 249-252, 250t

mucinous, 250-252, 253f
intraductal papillary, 249-250, 

251f-252f
rare, 252, 253b
serous, 249, 251f

metastatic, 256, 256f
periampullary, 243
unusual and rare, 255-256

parenchyma of, 220-221, 221f-222f
pediatric, 1918-1920

enlargement of, diffuse, 1920, 1921f
inflammation of, 1918-1920, 1919f
masses in, 1920, 1920f
normal anatomy and technique for, 1918
pseudocysts of, 1918-1920, 1920f

pseudoaneurysms of, 236, 236f
pseudocysts of, drainage of, ultrasound-

guided, 632, 633f
pseudomass of, 220-221, 223f
shape of, 220-221, 223f
size of, 220, 222f
solid-pseudopapillary tumor of, 252, 254f
sonography of, 216-226, 217f
tail of, 219-220, 220f

simulating splenic mass, 169, 169f
transplantation of, 685-700

arteriovenous fistula after, 694, 697f
fluid collections after, 696-700, 699f
graft thrombosis after, 694, 695f-696f
normal appearance after, 688-694, 694f
pancreatitis after, 696, 698f
pseudoaneurysms after, 694
rejection in, 696, 697f
surgical technique for, 674f-675f, 

687-688, 688t
vascular thrombosis after, 694, 695f-696f

Pancreas divisum, 224-225, 226f, 1919f
Pancreatic duct, 221, 225f-226f
Pancreatitis

acute, 227-236
causes of, 227, 227t
complications of, 231-236, 231b

abscess as, 235
acute fluid collections as, 232, 234f
necrosis as, 235
pseudocysts as, 234-235, 235f-236f
treatment of, 236
vascular, 236

gallstones and, 227

Ovary(ies) (Continued) Pancreas (Continued)
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imaging of, approach to, 227-228, 228b
ultrasound findings in, 228-231, 

229f-234f, 229t
after pancreas transplantation, 696, 698f
chronic, 236-242

autoimmune, 242, 243f
imaging of, approach to, 237
masses associated with, 240-242
portal vein thrombosis in, 238-240, 241f
pseudocysts in, 237-238, 239f-240f
splenic vein thrombosis in, 238-240, 

240f-241f
ultrasound findings in, 237-240, 

238f-241f
pediatric, 1918-1920, 1919f

Pancreatoblastoma, pediatric, 1920
Pancytopenia, Fanconi, 1412, 1416f
Pannus, in rheumatoid tenosynovitis, 924, 926f
Pantaloon hernia, 510-511, 511f
Papillary apocrine metaplasia, 806, 807f-808f
Papillary carcinoma

of breast, intracystic, 806-808, 806f-807f
Doppler sonography of, 832-833, 834f

of thyroid, 716-720, 718f-723f
cystic, sonographic features of, 722f, 731
pediatric, 1710-1711, 1712f-1713f

Papillary cystadenomas, of epididymis, 863-864
Papillary-cystic neoplasm, pancreatic, pediatric, 

1920, 1920f
Papillary microcarcinoma, of thyroid, 718-720, 

723f
Papillary necrosis, 336, 336b, 337f
Papilloma(s)

breast
intracystic, 806-808, 806f-807f
intraductal, 817, 818f

Doppler sonography of, 832-833, 834f
peripheral, 817

choroid plexus
fetal, 1238
neonatal/infant, 1625-1626, 1628f

Doppler imaging of, 1651f
ventriculomegaly with, 1206-1207

transitional cell, pediatric, of bladder, 
1969-1970, 1970f

Para-aneurysm saline injection, for 
pseudoaneurysm neck 
compression, 1018

Paralytic ileus, 298f, 299
Paramesonephric duct cysts, pediatric, 1939
Paraovarian cysts, 578-579
Parapagus twins, 1161f
Parapelvic cysts, 369, 370f
Paraplegia, traumatic, pediatric, neurogenic 

bladder from, 1964
Parapneumonic collections, in pediatric chest, 

1778
Pararenal spaces, inflammation in, in acute 

pancreatitis, 229-231, 231f
Parasagittal infarction, from hypoxic-ischemic 

injury in full-term infant, 
1596-1597

Parasites, fetal brain development and, 1234
Parasitic diseases

of genitourinary tract, 338-339. See also 
Genitourinary tract, infections of, 
parasitic.

of liver, 92-94. See also Liver, infectious 
diseases of, parasitic.

Paratenon, 902-903
Parathyroid glands, 750-772. See also 

Hyperparathyroidism.
adenomas of. See also Adenoma(s), 

parathyroid.
anatomy of, 750-751, 751f

carcinoma of, 756, 757f
primary hyperparathyroidism from, 752

embryology of, 750-751
enlarged, in secondary hyperparathyroidism, 

762
pediatric, 1712-1713
supernumerary, 751
tissue of, autotransplantation of, recurrent 

hyperparathyroidism from, 
760-761

Parathyroid hormone, production of, chief cells 
in, 751

Parathyroidectomy, minimal-access, for primary 
hyperparathyroidism, 765, 766f

Paraumbilical hernias, 508
Paraumbilical vein(s), pediatric

flow direction in, in portal hypertension, 
1824, 1827, 1829f

in intrahepatic portal hypertension, 1833
Paraurethral cysts, pediatric, 1939
Paravertebral masses, juxtaphrenic, detection of, 

1785-1786
Parinaud oculoglandular syndrome, 1695
Parity, multifetal pregnancy incidence and, 

1146
Parotid gland(s)

accessory, pediatric, 1691-1692
pediatric

anatomy of, 1691-1692, 1692f
bacterial infection of, 1694, 1694f-1695f
chronic sialadenitis of, from sialolithiasis, 

1697f
hemangioma of, 1698, 1698f-1699f
lymphatic malformation of, 1698,  

1699f
nodal enlargement in, 1695
pleomorphic adenoma of, 1700f

Parotid space, pediatric, 1692f
cystic lesions of, 1701-1702

Parotitis
HIV, pediatric, 1696, 1697f
juvenile (recurrent), 1695-1696, 1696f

Parovarian cysts, pediatric, 1930, 1931f
Paroxysmal supraventricular tachycardia, fetal, 

1320, 1321f
Parvovirus B19 infection

fetal
bowel echogenicity in, 1338
hydrops from, 1444-1446, 1446f
massive ascites in, 1431

fetal brain development and, 1234
Parvus-tardus curve, in pediatric renal artery 

stenosis, 1880
Patau syndrome (trisomy 13), 1136-1137, 

1137b, 1137f. See also Trisomy 13 
(Patau syndrome).

Patella, tendinitis of, chronic calcified, 923f
Patellar tendon

inflammation of, power Doppler 
examination technique for, 905f

normal, 903f-904f
sonographic appearance of, 910, 916f

tears of, partial, 920f
Patent ductus arteriosus, intracranial resistive 

index and, 1641
Peak end diastolic ICA/CCA ratio, in assessing 

degree of carotid stenosis, 962-964
Peak repetition frequency (PRF), adjusting, to 

differentiate hematoma from 
flowing blood, 1011

Peak systolic ICA/CCA ratio
in assessing degree of carotid stenosis, 

962-964
in internal carotid artery stenosis evaluation, 

972-974

Peak systolic velocity (PSV)
in determining carotid stenosis, 962
middle cerebral artery, fetal hemoglobin and, 

1489-1491
in peripheral arteries of lower extremity, 

1004
Pediatric patients

adrenal glands of, 1885-1888. See also 
Adrenal glands, pediatric.

bladder of, 1854. See also Bladder, pediatric.
brain of, Doppler sonography of, 1654-

1689. See also Transcranial 
Doppler (TCD) sonography, 
pediatric.

chest of, 1768-1799. See also Chest, 
pediatric.

child life specialists and, 1845-1846
female, pelvic anatomy of, 1927-1929
gastrointestinal tract of, 1891-1924. See also 

specific organ, e.g. Stomach, 
pediatric.

head and neck of, 1690-1732. See also Neck, 
pediatric.

hip of, 1982-2005. See also Hip(s), pediatric.
kidneys of, 1845-1890. See also Kidney(s), 

pediatric.
liver of, 1800-1844. See also Liver, pediatric.
pelvic sonography in, 1925-1981
renal artery stenosis in, 463
spinal canal of, 1733-1767. See also Spinal 

canal, pediatric.
spleen of, 1839-1842. See also Spleen, 

pediatric.
urinary tract of, 1845-1890. See also Urinary 

tract, pediatric.
Pedicles

in lateral longitudinal scan plane, 1252f
in lateral transaxial scan plane, 1251f
in posterior angled transaxial scan plane, 

1253f
in spina bifida, 1256, 1259f

Peduncles, as landmark for transtemporal 
approach, 1654-1655, 1655f

Peliosis, splenic, 156
Peliosis hepatis, 109-110, 109f
Pelvic inflammatory disease (PID), 593-594

acute appendicitis confused with, 286
pediatric, 1927f, 1940-1942, 1941f
sonographic findings in, 593b
sonohysterography and, 550

Pelvic kidney, fetal, 1360
Pelvic mass(es)

in adult women, sonographic evaluation of, 
595-596

evaluation of, transrectal ultrasound in, 423, 
424f

gastrointestinal tract, 596-597
nongynecologic, 596-597
postoperative, 596

Pelvic sonography, pediatric, 1925-1981
technique for, 1925-1926

Pelvic varices, pediatric
hemorrhagic ovarian cysts differentiated 

from, 1934f
in portal hypertension, 1827, 1831f

Pelvicaliectasis, from urinary obstruction, 
1371-1372, 1371f

Pelvis
anatomy of, 547-549, 548f
biopsy of, 613-625. See also under 

Biopsy(ies), percutaneous needle, 
ultrasound-guided.

fetal, routine sonographic views of, 1052f
lymphatic drainage of, 549
postpartum pathologic conditions of, 

597-598
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Pelvoinfundibular atresia, with multicystic 
dysplastic kidney, 1361

Penile chordee, fetal, 1380-1381
Pentalogy of Cantrell, ectopic cordis and, 

1319, 1344-1345
Peptic ulcer, 303, 304f
PercuNav, in prostate cancer, 418
Percutaneous cholangiography and drainage, 

pediatric, 2002f, 2020
Percutaneous umbilical blood sampling 

(PUBS), 1547-1549, 1548f
Perfluorocarbons, in contrast agents, 55
Perforating veins, insufficient, marking of, 

venous mapping in, 1034, 1034f
Perforation, of bowel in Crohn’s disease, 281, 

283f
Perfusion

imaging of, bubble-specific imaging for, 57
luxury, cerebral infarction with, 1646-1647, 

1648f
measurement of, disruption-replenishment 

imaging in, 67, 68f-71f
Perianal inflammation, in Crohn’s disease, 

281-282, 284f
Perianal inflammatory disease, transanal 

sonography in, 310-313, 312b, 
313f

Periaortitis, chronic, 456-457, 482, 482f
Pericardial effusions, fetal, in hydrops, 1427, 

1429f
Pericardial hernia, 1285, 1287
Pericholecystic fluid collection, in perforated 

gallbladder, 205
Pericholecystic hyperechogenicity, in 

necrotizing enterocolitis, 
1907-1912

Perienteric soft tissues, in acute abdomen, 284
Perihepatitis, complicating pediatric pelvic 

inflammatory disease, 1942
Perimembranous ventricular septal defects, 

1306
Perinephric abscesses, acute pyelonephritis and, 

332
Period, of sound wave, 2-3, 3f
Periorchitis, meconium, pediatric, focal 

calcifications from, 1961, 1961f
Peripheral arteries, 998-1022

aneurysms of, 1001, 1004-1005
diagnostic criteria for, 1004-1005, 

1005f-1006f
autologous vein grafts for, 1011-1013

arteriovenous fistulas and, 1013, 1013f
Doppler flow sampling in, 1011-1013, 

1012f
failure of, 1011
reversed vein, 1011
in situ technique for, 1011
stenosis of, 1011-1013, 1011f-1012f

critical, 1011-1013
from fibrointimal hyperplasia, 

1011-1013
50-75%, 1011-1013
focal, 1012f

vein harvesting for, venous mapping in, 
1033-1034

blood flow patterns in
arteriovenous fistulas and, 1000-1001, 

1002f
in normal arteries, 1000, 1000f-1001f
in stenotic arteries, 999f-1000f, 1000

catheterization of, pseudoaneurysms 
complicating, 1015-1018

closure devices for, 1018-1019, 1019f
diagnostic screening methods for, 998-999
dialysis access grafts and fistulas and, 

1013-1014, 1014f

disease of, 1001-1010
clinical importance of, 1001-1003
incidence of, 1001-1003
lower extremity, 1003-1008
sonographic technique for, 1003
upper extremity, 1008-1010

Doppler sonography of, 999-1000
color, 999

invasive procedures involving
closure devices for, 1018-1019, 1019f
complications of, 1014-1018

fistulous communications as, 
1014-1015, 1016f

pseudoaneurysms as, 1015-1018, 
1017f-1018f

lower extremity
blood flow pattern in, 1004, 1004f
stenoses and occlusions of, 1005-1008

diagnostic accuracy and applications of, 
1007-1008

diagnostic criteria for, 1005-1007, 1006f
stent in, evaluation of, 1008, 1008f
tumors of, 1001

masses in, 1001, 1002f-1003f
pseudoaneurysms in, 1001, 1002f

prevention of, closure devices in, 
1018-1019, 1019f

real-time gray-scale imaging of, 999
sonographic technique for, 999-1000
stenosis of

blood flow patterns in, 999f-1000f, 1000
from closure devices, 1018-1019, 1019f

upper extremity
anastomotic stenoses of, 1011
occlusions of, 1011
perivascular masses in, 1010-1011
synthetic vascular bypass grafts for, 1010, 

1010f
vascular masses in, 1010-1011

Peripheral veins, 1023-1038
diagnostic screening methods for, 1023-1024

invasive, 1023
noninvasive, 1023-1024

nonimaging, physiologic, 1023
Doppler sonography of, 1024
gray-scale imaging of, 1024
lower extremity, 1024-1034

anatomy of, 1024-1026, 1025f
deep, 1025-1026
superficial, 1024-1025
venous insufficiency in, 1031-1033. See 

also Venous insufficiency, in lower 
extremities.

venous mapping of, 1033-1034
for insufficient perforating vein 

marking, 1034, 1034f
for vein harvest for autologous grafts, 

1033-1034
venous thrombosis in

deep, 1026-1029, 1026f. See also Deep 
venous thrombosis (DVT), lower 
extremity.

superficial, 1031, 1033f
occlusion of, chronic, in chronic deep 

venous thrombosis, 1029-1031
sonographic technique for, 1024
upper extremity, 1034-1037

anatomy of, 1034, 1035f
clinical background of, 1034-1035
venous thrombosis in, 1035-1037

diagnostic accuracy for, 1037
examination for, 1035-1037, 1036f-1037f
findings in, 1037, 1037f

wall thickening in, in chronic deep venous 
thrombosis, 1029-1031, 1032f

Peripherally inserted central catheters, pediatric, 
insertion of, 1999f-2000f, 2018

Periportal cuffing, in acute hepatitis, 89, 
89f-90f

Periportal hepatic fibrosis, Caroli’s disease with, 
176

Perirenal space, inflammation in, in acute 
pancreatitis, 229-231, 231f

Perirenal urinoma, from ureteropelvic junction 
obstruction, 1372, 1372f

Peristalsis, assessment of, 262
Peritendinitis, 921, 923f
Peritenon, 902
Peritoneal bands, obstruction from, 1899-1900
Peritoneal cavity, 524

fluid in, free versus loculated, 527-528, 528f
localized inflammatory process of, 541, 542f

Peritoneal inclusion cysts, 578-579, 579f
Peritoneum, 524-546

anatomy of, 524
ascites and, 525-528, 527f-528f
carcinomatosis of, 529-532, 530f-534f
cysts in

inclusion, 528, 529f
mesenteric, 529, 530f

endometriosis and, 542, 543f
inflammatory disease of, 534-541, 

538f-541f. See also Peritonitis.
leiomyomatosis peritonealis disseminata and, 

543, 543f
mesenteric cysts and, 529, 530f
parietal, 524
pneumoperitoneum and, 544, 544f
pseudomyxoma peritonei and, 533-534, 

537f-538f
sonographic technique for, 525, 526f
tumors of, 529-534

carcinomatosis as, 529-532, 530f-534f
primary, 532-533, 535f-536f

visceral, 524
Peritonitis, 534

abscess and, 535, 540f
chemical, 534
fibrinous, 528f
Histoplasma, 540f
infective, 534, 538f-539f
meconium, 1338, 1338b, 1339f

cystic, 1901, 1903f
hydrops from, 1432f, 1442, 1442f
massive ascites in, 1431, 1432f

sclerosing, 539-541, 541f
tuberculous, 535-539, 541f

Peritrigonal blush, in sagittal imaging of 
neonatal/infant brain, 1564,  
1565f

Periumbilical hernias, 508, 510f
Perivascular inflammation, in acute pancreatitis, 

229-231, 232f-233f
Periventricular cyst, of neonatal/infant brain, 

1629-1630, 1630f
Periventricular hemorrhagic infarction, in 

infant, 1602-1603
Periventricular leukomalacia

from hypoxic-ischemic injury in premature 
infant, 1596-1597, 1611-1612, 
1613f-1614f

in neonatal/infant brain, 1629-1630
Perlman syndrome

congenital diaphragmatic hernia in, 1287
hyperechogenic kidneys in, 1365-1366

Peroneal artery, 1001f, 1003-1004
Peroneal tendons, posterior, injection of, 

939-941, 940f
Peroneal veins, 1025f, 1026

evaluation of, for deep venous thrombosis, 
1029

Peripheral arteries (Continued)
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Persistent trophoblastic neoplasia (PTN), 
601-605

choriocarcinoma in, 602, 604f
diagnosis and treatment of, 604-605
invasive mole in, 601-602, 602f-603f
placental-site trophoblastic tumor in, 602, 

605f
sonographic features of, 602-604, 603f-605f

Pfeiffer syndrome
bilateral complete cleft lip/palate in, 1186f
craniosynostosis in, 1169
hypertelorism with exorbitism in fetus with, 

1177f
midface hypoplasia in, 1178-1179

PHACES syndrome, pediatric, 1718
Phalanx, middle, hypoplasia of, in trisomy 21, 

1133-1134
Phantoms, in training for freehand sonographic 

intervention, 1994
Pharyngeal pouches, 1713-1714
Phase aberrations, creation of, 14
Phase modulation imaging, amplitude and,  

64
Phased array transducers, 13

beam steering in, 11, 12f
Phenylketonuria, microcephaly from, 

1224-1225
Pheochromocytomas, 437, 438f

bladder, 366, 367f
pediatric, 1969-1970

extra-adrenal, 437
Phlebectasia, internal jugular, pediatric, 1728, 

1728f
Phleboliths, in venous malformations of neck, 

600f, 1719-1720
Phlegmonous change, in Crohn’s disease, 278, 

280f, 283f
Phocomelia, definition of, 1411
Photocoagulation, laser

in acardiac twin, 1551-1552, 1552f
for twin-twin transfusion syndrome, 1545

Photodynamic therapy, for prostate cancer,  
412

Phrygian cap, 198-200
Physics of ultrasound, 2-33

acoustic impedance in, 4-5
acoustics in, 2-7
attenuation in, 7, 7f
distance measurement in, 4
of Doppler sonography, 20-30. See also 

Doppler ultrasound.
image display and storage in, 14
image quality and, 16-17
imaging pitfalls in, 17-20
instrumentation and, 7-14. See also 

Instrumentation.
operating modes and, clinical implications 

of, 31-32
reflection in, 5-6
refraction in, 6-7, 6f
special imaging modes in, 14-16

Phytobezoars, 303-304
Pierre-Robin sequence

clefts of secondary palate in, 1184
low-set ears in, 1180f
micrognathia with, 1188, 1188f

Piezoelectricity, 8
Pineal cyst, cavum veli interpositi cysts 

differentiated from, 1202-1206
Pituitary gland, in menstrual cycle, 1074f
PKD1 gene, mutation in, in autosomal 

dominant polycystic kidney 
disease, 1364

PKHD1 gene, mutation in, in autosomal 
recessive polycystic kidney disease, 
1363

Placenta. See also Umbilical cord.
abnormalities of, morphologic, 1513-1515
abruption of, 1506-1509, 1507f-1508f

in pediatric pregnancy, 1939-1940
accessory lobes of, 1514-1515, 1514f
battledore, 1518
bilobed, 1515, 1515f
circumvallate, 1513-1514, 1513f
cysts of, subchorionic, 1499, 1510
development of, 1499-1502
function of, in modified biophysical profile, 

1494-1495
hematomas of

subamniotic, 1510
subchorionic, 1510

infarctions of, 1499, 1509-1510, 
1509f-1510f

insertion of umbilical cord into, 1518-1520
low, 1502-1504, 1503f
marginal sinus of, 1499, 1500f
masses of, 1510-1512

chorioangioma as, 1510-1512, 1511f
malignant, 1512

mesenchymal dysplasia of, 1512, 1512f
in molar gestations, 1512
in multifetal pregnancy, chorionicity and, 

1148, 1151f
normal sonographic appearance of, 1499, 

1500f
position of, sonographic determination of, 

1502-1504, 1503f
postnatal examination of, in hydrops 

diagnosis, 1448
postpartum, 1521-1523, 1522f
retained products of conception and, 

1521-1523, 1522f
size of, 1499-1502
sonographic evaluation of, 1499-1526
succenturiate lobes of, 1514-1515, 1514f
thickness of

excessive, causes of, 1499-1501, 1501f
normal, 1499-1501

in third stage of labor, 1520-1521
vascularity of, 1502f

Doppler ultrasound and, 1502
vascularization of, 1078
volume of

assessment of, 1501, 1501f
in first trimester, in early pregnancy 

evaluation, 1501
Placenta accreta, 1504-1506, 1505f-1507f
Placenta increta, 1504
Placenta percreta, 1504, 1506f
Placenta previa, 1502-1504

complete, 1502-1504, 1503f
marginal, 1502-1504, 1503f
placenta accreta with, 1505

Placental abruption, in hydrops, 1449-1450
Placental insufficiency

intrauterine growth restriction and, 
1473-1474

in monochorionic twins, 1155
Placental lakes, 1499, 1500f
Placental shelf, 1513-1514
Placental volume quotient, 1501
Placentomegaly, in hydrops, 1429, 1431f
Placodes, nasal, 1166, 1167f
Plagiocephalic heads, 1169
Plantar fasciitis, injection for, 941, 942f
Plaque(s)

in atherosclerosis, 447
carotid, atheromatous

calcified, 952-953, 954f
carotid artery dissection and, 981-982
characterization of, 952-954, 953b, 

953f-955f

heterogeneous, 952-953, 955f
homogeneous, 952-953, 953f, 970,  

973f
morphology of, ultrasound types of, 

953-954, 953b
nonstenotic, 970
qualitative assessment of, in carotid 

stenosis, 957
tandem, in carotid stenosis, 954-956
types 1-4, 953-954, 953b
ulceration of, 954, 954b, 956f
vulnerable, identification of, treatment 

decisions and, 978
Plasma protein A, pregnancy-associated, 

concentration of, in trisomy 21, 
1122

Platelet-rich plasma, intratendinous injection 
of, 945-946

Platyspondyly
in skeletal dysplasias, 1395
in thanatophoric dysplasia, 1399, 

1400f-1401f
Pleomorphic adenomas, salivary gland, 

pediatric, 1698, 1700f
Pleural disease, pediatric, pulmonary disease 

differentiated from, sonography in, 
1776, 1777f

Pleural drainage, fetal, hydrops from, 1441
Pleural effusions. See also Pleural fluid.

fetal, 1283-1285, 1284f
in hydrops, 1426-1427, 1428f
hydrops from, 1439, 1441f
lung size and, 1273
primary, 1283
secondary, 1283

pediatric
drainage or surgical decortication for, 

ultrasound determination of,  
1795

sonographic signs of, 1768-1769
Pleural fluid, pediatric

aspiration of, ultrasound-guided, 1795, 
1796f

free, 1769, 1776f
septated, 1769, 1775f

sonogram vs. CT scan for, 1776, 1777f
sonographic signs of, 1768-1778, 1769b

fluid color flow Doppler signal as, 
1769-1776, 1776f

through hepatic window, 1774f
through splenic window, 1774f

Plexiform neuroma, in intraoperative 
procedures, 1676f

Pneumatosis intestinalis, 303, 303f
in acute abdomen, 283
in necrotizing enterocolitis, 1907-1912, 

1911f
Pneumobilia, 183, 183f

after liver transplantation, 641, 641f, 
1837-1838, 1839f-1840f

Pneumocystis carinii, hepatic infection by, 
94-95, 96f

Pneumonia, pediatric
air bronchograms in, 1781f
on chest ultrasound, 1770f
empyema caused by, 1774f
round, 1780, 1782f
with small amount of pleural fluid, 1773f
sonographic air bronchograms in, 1775f

Pneumoperitoneum, 544, 544f
Pneumothoraces, sonographic detection of, 

1795
Poland syndrome, ribs in, 1396
Polar arteries, 459
Polycystic disease, adult, 87

Plaque(s) (Continued)



Index    I-41

Polycystic kidney disease, 371
autosomal dominant, 371, 372f, 1363-1365, 

1365f
pancreatic cysts in, 249
pediatric, 1860-1861, 1861f

autosomal recessive, 371, 371f, 1363, 1364f
pediatric, 1859-1860, 1860f

with severe hepatic fibrosis, 1860
congenital hepatic fibrosis and, 1830-1831, 

1833f
recessive, congenital hepatic fibrosis and, 

1830-1831, 1833f
Polycystic ovarian disease, pediatric, 1932, 

1934f
Polycystic ovarian syndrome, 580-581, 582f
Polycystic pancreas, fetal, 1334
Polycythemia, dural sinus thrombosis from, 

fetal, 1235-1236
Polydactyly

definition of, 1411
fetal, 1419
postaxial

in Meckel-Gruber syndrome, 1365, 1366f
in trisomy 13, 1137f

in short-rib polydactyly syndromes, 1407
toe, fetal, 1418f

Polyhydramnios
cervical assessment in, 1538
diagnostic significance of, 1357-1358
duodenal atresia and, 1334-1335
esophageal atresia with, 1330f
in hydrops, 1429, 1431f
hydrops and, 1447
in lethal skeletal dysplasias, 1398
with mesoblastic nephroma, 1367
in trisomy 18, 1135-1136

Polymicrogyria, 1227, 1229f
ventriculomegaly and, 1207f

Polyorchidism, 1946
Polyp(s)

cervical, 570
endometrial, 564, 565f-566f

tamoxifen and, 567-568
intussusception and, 1903
urethral, posterior, pediatric, bladder outlet 

obstruction from, 1963-1964, 
1963f

Polysplenia, 168
in cardiosplenic syndrome, 1316-1317, 

1317b
fetal, malpositioned stomach in, 1329, 1331f
univentricular heart with, 1311-1312

Polysplenia syndrome, 1317
biliary atresia in, 1806-1807, 1808f
Doppler evaluation of liver transplant 

recipient with, 1835-1836
Pontocerebellar syndrome, vermian dysplasia 

with, 1222
Popliteal artery, 1001f, 1003-1004

aneurysm of, 1005f
stent in, occlusion of, 1006f

Popliteal cysts, pediatric, 2000
Popliteal vein, 1025f, 1026
Porcelain gallbladder, 208, 208f
Porencephalic cysts, 1587-1589

of neonatal/infant brain, 1628
Porencephaly

from germinal matrix hemorrhage, 1597
holoprosencephaly differentiated from, 1220
from intraparenchymal hemorrhage, 1603, 

1608f
Portal hypertension, 100-103, 101f-102f

intrahepatic, from cirrhosis, 101
left sided, splenic vein thrombosis from, in 

chronic pancreatitis, 238-240, 
240f

pediatric, 1826-1827
after liver transplantation, 1836
backward-flow theory of, 1833
Doppler studies of, 1820-1835

of abnormal flow patterns, 1825-1826
abnormal hepatic arterial Doppler 

patterns in, 1826
absent Doppler signal in, 1825, 1825b
arterialized flow patterns in, 1825
basic principles of, 1820-1822
hepatofugal flow in, 1826-1827
in intrahepatic portal hypertension, 

1831-1834
in liver disease, 1824-1825, 1825f
of normal flow patterns in splanchnic 

vessels, 1822
possibilities and pitfalls of, 1822-1824
in prehepatic portal hypertension, 

1827-1831
reversed flow in, 1825-1826
sonographic technique for, 1824
in suprahepatic (posthepatic) portal 

hypertension, 1834-1835, 1834f
to-and-fro flow in, 1825-1826, 1827f

forward-flow theory of, 1833
portosystemic shunts for, 136-138
portosystemic venous collaterals in, 101, 

101b
presinusoidal, 100-101

Portal vein(s)
after liver transplantation, normal appearance 

of, 642, 642f
anastomosis of, for liver transplantation, 640
aneurysms of, 108
cavernous transformation of, 103-104, 104f
clots in, in acute pancreatitis, 229-231, 

233f-234f
congenital anomalies of, 85
normal, 79, 81, 82f
pediatric

anatomy of, 1800-1803
cavernous transformation of, in prehepatic 

portal hypertension, 1827-1828, 
1832f

duplex Doppler images of, 1823f
flow direction through, meals and, 1822
left, Doppler studies of, 1822

best approach for, 1824
main, Doppler studies of, best approaches 

for, 1824
right, branches of, 1803f
thrombosis of

causes of, 1827, 1828b
prehepatic portal hypertension and, 

1827-1830
pseudostenosis of, after liver transplantation, 

653
stenosis of, after liver transplantation, 653, 

654f, 1836, 1838f
thrombosis of, 103-104, 103f-104f

after liver transplantation, 653-654, 
655f-656f, 1836

in chronic pancreatitis, 238-240, 241f
malignant, 103-104, 104f

from hepatocellular carcinoma, 
126-127, 127f

Portosystemic shunts, 136-138
intrahepatic, 108-109
in portal hypertension, 1826-1827, 

1829f-1833f
intrahepatic, 1833

portocaval, patency of, Doppler assessment 
of, 1835

surgical, 1835
total vs. partial, 1835

transjugular intrahepatic, 136-138, 139f, 
1835

malfunction of, 140b
Portosystemic venous collaterals, in portal 

hypertension, 101, 101b
spontaneous routes of, 1825f, 1827

Postaxial polydactyly, fetal, 1419
Posterior fossa

cystic lesions of, 1582b
hemorrhage of, 1607
subarachnoid cysts of, Dandy-Walker 

malformation differentiated from, 
1221, 1582

Posterior inguinal wall insufficiency, sports 
hernia and, 502, 503f

Postmeningitis hydrocephalus, precocious 
puberty and, 1942-1943

Posttransplant lymphoproliferative disorder 
(PTLD), 700, 701f-704f

Posttraumatic pseudoaneurysms, of common 
carotid artery, 984, 985f

Pouch of Douglas, 571-572
Power Doppler sonography

in carotid artery examination, 969-974
in carotid artery stenosis evaluation, 952f, 

969-974
in pediatric liver assessment, 1822
in peripheral artery examination, 1000

Power mode Doppler, 25, 25b, 25f-26f
Power modulation pulse inversion (PMPI),  

64
Preaxial polydactyly, fetal, 1419
Precocious pseudopuberty, ovarian cysts and, 

1929-1930
Precocious puberty, 1942-1943
Predelivery aspiration procedure, in hydrops, 

1450
Preeclampsia

Doppler ultrasound in, 1474
in pediatric pregnancy, 1939-1940
placental infarction in, 1510f

Pregnancy
early, failure of, 1088-1099. See also 

Embryo, demise of.
ectopic, 1099-1110. See also Ectopic 

pregnancy.
pediatric, 1939-1940, 1940f
ruptures, hemoperitoneum in, 527f

entertainment/keepsake videos in, 49-50, 
50b

first trimester of, 1072-1118. See also 
Embryo(s) ; Fetal entries; Fetus.

embryo evaluation during, 1110-1113
embryology in, 1073-1078
gestational age estimation in, 1087- 

1088
indications for ultrasound in, 1040, 

1041b
maternal physiology in, 1073-1078
normal sonographic appearance of, 

1078-1087
amnion in, 1084, 1086f
embryo in, 1084, 1086f

cardiac activity of, 1084-1086,  
1086f

gestational sac in, 1078-1082, 
1079f-1082f

umbilical cord cyst in, 1087, 1087f
umbilical cord in, 1086-1087
yolk sac in, 1082-1084, 1083f-1085f

ovarian masses in, 1113-1114, 
1114f-1115f

uterine masses in, 1114
hydatidiform mole, 598-605, 600f
iliac vein compression in, 477, 478f

Portal hypertension (Continued) Portosystemic shunts (Continued)



I-42    Index

intrauterine procedures in, invasive, 
ultrasound-guided, 1543-1555

amniocentesis as, 1543-1545. See also 
Amniocentesis.

chorionic villus sampling as, 1545-1547. 
See also Chorionic villus sampling 
(CVS).

cordocentesis as, 1547-1549, 1548f
fetal reduction as, 1549
percutaneous umbilical blood sampling as, 

1547-1549, 1548f
luteoma of, 578
magnetic resonance imaging in, 1057, 1058f
molar. See Hydatidiform molar pregnancy.
multifetal, 1145-1165. See also Multifetal 

pregnancy.
with normal fetus, 601, 601f
ovarian lesions associated with, 576-578, 

578f
pediatric, 1939-1940, 1940f
persistent trophoblastic neoplasia in, 

601-605. See also Persistent 
trophoblastic neoplasia (PTN).

second trimester of, indications for 
ultrasound in, 1040, 1041b

third trimester of, indications for ultrasound 
in, 1040

of unknown location, 1109
Pregnancy dating, 1047-1055
Premature atrial contractions, fetal, 1320
Premature rupture of membranes

in monochorionic twins, 1155
pulmonary hypoplasia and, 1275

Premature ventricular contractions, fetal, 1309f
Prematurity. See Preterm birth.
Prepatellar bursitis, 924-925
Preplacental hematoma, 1506-1508, 1508f
Presacral mass(es)

fetal, 1269-1270, 1269b
pediatric, 1975-1977, 1975b
pediatric in Currarino triad, 1754

Preterm birth (PTB)
cervical length and, 1531-1532, 1532f
complicating amniocentesis, 1544
definition of, 1527
incidence of, 1527
multifetal pregnancy morbidity and 

mortality and, 1148-1150, 1153
prior, cervical assessment in, 1537
spontaneous, 1527-1528

prediction of, 1532-1536
cervical change rate in, 1534-1535
cervical width and funneling n, 

1533-1534, 1533f-1534f
dynamic cervical change in, 1535-1536, 

1535f
gestational age at cervical length 

measurement in, 1532t
obstetric factors in, 1532-1533
sonographic features in, 1536, 1536b, 

1536f
PRF. See Pulse repetition frequency (PRF).
Primary peritoneal mesothelioma, 532-533, 

536f
Primary peritoneal serous papillary carcinoma, 

532, 535f
Primary sclerosing cholangitis, intrahepatic 

stones in, 179, 180f
Primitive neuroectodermal tumors, neonatal/

infant brain and, 1625-1626
Proboscis

cyclops with, 1172, 1176f
in trisomy 13, 1137f

Probst bundles, in corpus callosum agenesis, 
1578

Processus vaginalis, 843
Prominence, forming fetal face, 1166, 1167f
Pronephros, 318, 318f
Propagation velocity artifact, 2, 4f
Prosencephalon, formation of, 1072
Prostate, 392-428

abscesses of, 402, 403f, 404-405
anatomy of, 393-396

axial, 394f, 396-397
neural structures in, 396
prostate “capsule” in, 397
sagittal, 394f, 397
vascular, 396, 397f
zonal, 393-396, 393f-394f

benign ductal ectasia of, 398f, 400
benign hyperplasia of, 393-396, 395f, 397f, 

400-402, 401f
biopsy of

PSA-directed, 408
ultrasound-guided, 418-422, 420f. See also 

Transrectal ultrasound (TRUS), 
prostate biopsy guided by.

calcifications of, 398f, 400
cancer of, 407-418

brachytherapy for, 412
ultrasound-guided, 422-423, 424f

epidemiology of, 407-408
histologic grading of, 411
prostate-specific antigen in, 408-409, 

413b
radiotherapy for, 412

ultrasound-guided, 422-423, 423f
screening for, 409-410
sonographic appearance of, 414-418, 

415f-417f
staging of, 410-411, 411f, 412t, 414f
therapy for, 411-413

ultrasound-guided, 392, 422-423, 424f
transrectal sonography of, 307, 307f, 

413-414, 413b
computed tomography of, 423
congenital abnormalities of, 404
corpora amylacea of, 398f, 400
cysts of, 400, 401f, 402-404
hematospermia and, 406-407
infertility and, 405-406
inflammation of, 402-404, 403f
magnetic resonance imaging of, 423
normal variants of, 398f, 400
pediatric, anatomy of, 1943
prostatitis and, 402-404, 403f
radionuclide bone scans and, 423
transurethral resection of, 400
ultrasound of

equipment for, 398-399, 399f
history of, 392-393
techniques for, 399
transrectal, 392

Prostate-specific antigen (PSA), 408-409
age-specific, 408-409
density of, 408
in directing biopsy, 408
free/total ratio of, 409
in screening for prostate cancer, 409-410, 

413b
standards for, 408-409
velocity of, 409

Prostatectomy, radical, for prostate cancer, 412
Prostatic artery, 396
Prostatitis, 402-404, 403f
Proximal focal femoral deficiency, 1411-1412

pediatric, 2001
Prune-belly syndrome

fetal
with megalourethra, 1376-1377
urinary obstruction and, 1375

pediatric
pediatric hydronephrosis and, 1856-1858
urinary tract obstruction in, 1963

Psammoma bodies, in papillary carcinoma of 
thyroid, 716-718, 718f

Psammomatous calcification, in peritoneal 
nodule, 529, 532f

Pseudoacetabulum, in developmental 
dislocation and dysplasia of hip, 
1983

Pseudoaneurysm(s)
abdominal aortic, 457
at anastomoses of bypass grafts, 1010-1011
complicating invasive peripheral artery 

procedures, 1015-1018, 
1017f-1018f

prevention of, closure devices in, 
1018-1019, 1019f

hepatic artery, 109
after liver transplantation, 651-652, 652f

pancreatic, 236, 236f
pediatric, from invasive procedures, 1728, 

1728f
posttraumatic, of common carotid artery, 

984, 985f
radial artery, 1010, 1010f

Pseudoascites, 1424-1425, 1426f
Pseudocirrhosis, 136f
Pseudocyst(s)

after pancreas transplantation, 699f
in chronic pancreatitis, 237-238, 239f-240f
gastrointestinal, pediatric, 1915, 1918f
meconium, 1338, 1339f-1340f

ovarian cysts differentiated from, 1383
pancreatic

complicating acute pancreatitis, 234-235, 
235f-236f

treatment of, 236
drainage of, ultrasound-guided, 632, 633f
pediatric, 1918-1920, 1920f

splenic, 155-156, 155f
umbilical cord, 1516

Pseudoephedrine, gastroschisis and, 1341
Pseudogestational sac, 1101, 1102f
Pseudohermaphroditism, female, prenatal 

diagnosis of, 1382
Pseudokidney sign, in gut wall, 262, 265f
Pseudomembranous colitis, 300-301, 302f

pediatric, intestinal wall thickening in,  
1908f

Pseudomyxoma peritonei, 533-534, 537f-538f
Pseudopolyps, in focal cystitis, 340-341, 342f
Pseudoprecocious puberty, 1943
Pseudopuberty, precocious, ovarian cysts and, 

1929-1930
Pseudospectral broadening, in carotid spectral 

analysis, 960-961
Pseudostring of flow, on power Doppler, 970
Pseudosyndactyly, fetal, 1416
Pseudotumor(s)

fibrous, epididymal, 863f, 864
inflammatory, gastric mucosa thickening in, 

1896
of tendons, 927-928

Pseudoulceration, of carotid artery, 954
Psoas abscess, pediatric, appendicitis 

differentiated from, 1974-1975
Psoas hematoma, pediatric, appendicitis 

differentiated from, 1974-1975, 
1974f

Psoriatic arthritis, of hand and wrist, injections 
for, 941-942

PSV. See Peak systolic velocity (PSV).
PTN. See Persistent trophoblastic neoplasia 

(PTN).

Pregnancy (Continued) Prune-belly syndrome (Continued)
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Puberty
precocious, 1942-1943
pseudoprecocious, 1943

Pubis, in sonogram of hip from transverse/
flexion view, 1989-1991

Pulmonary artery, fetal
continuity of, 1301f
diameter of, 1300f

Pulmonary atresia
fetal, hydrops from, 1436
hypoplastic right ventricle secondary to, 

1311
or stenosis, Ebstein anomaly with, 1309

Pulmonary embolism, deep venous thrombosis 
and, 1026, 1026f

Pulmonary hypertension, with congenital 
diaphragmatic hernia, 1289

Pulmonary valve, fetal, Doppler waveform 
analysis of, in intrauterine growth 
restriction, 1486

Pulmonary veins
anatomy of, normal, 1315f
anomalous, 1314-1315, 1315f

Pulmonic stenosis, 1316
in transposition of great arteries, 1313-1314

Pulsatility index (PI), 1474
of intracranial vessels, 1657
in monitoring intracranial hemodynamics in 

infants, 1641, 1641f
Pulse average intensity, 36, 36f
Pulse-echo principle, 36
Pulse inversion Doppler imaging, 64
Pulse inversion imaging, 62-63, 63f-64f, 67f
Pulse length, 8
Pulse repetition frequency (PRF)

in color Doppler, setting of, for low-flow 
vessel evaluation, 967-968

in color Doppler interpretation, 27-28, 28f, 
31-32

increasing, to overcome aliasing, 974
in output control, 49
transmitter controlling, 8

Pulsed wave Doppler, 24, 24f
testicular flow, 1944

Pulsed wave ultrasound, 36
Push-and-pull maneuver, in dynamic 

examination of hip, 1988, 
1988f-1989f

Pyelectasis
definition of, 1369
fetal, significance of, 1370
mild, in trisomy 21, 1132, 1133f

Pyelitis
alkaline-encrusted, 332
emphysematous, 333, 334f

Pyelonephritis, 329-336
acute, 329-332, 329b, 331f

gallbladder signs in, 207f
renal and perinephric abscess from, 332, 

332f
chronic, 334, 335f
emphysematous, 333, 334f

complicating renal transplantation,  
670

pediatric
acute, 1863-1864, 1865f-1867f
chronic, 1864, 1868f

transplant, 668-670, 672f
xanthogranulomatous, 336, 336f

Pyknodysostosis, wormian bones in, 1171
Pyloric muscle

hypertrophy of
minimal, in pylorospasm, 1894-1895
in pyloric stenosis, 1892-1893, 1894f

tangential imaging artifacts of, 1891-1892, 
1893f

Pyloric stenosis, hypertrophic, 1892-1896, 
1894f

diagnosis of, pitfalls in, 1895-1896, 1896b, 
1897f

Pyoceles, scrotal, 858, 860f
Pyogenic bacteria, liver abscesses from, 89-90

pediatric, 1818, 1821f
Pyomyositis, pediatric, 1996-1997
Pyonephrosis, 333, 333f

complicating renal transplantation, 670, 
672f

pediatric, complicating acute pyelonephritis, 
1864, 1867f

Pyosalpinx, in pelvic inflammatory disease, 
593, 1940-1941

Q
Quadriceps tendon, normal sonographic 

appearance of, 910, 915f
Quadrilateral space syndrome, 883-886

R
Race, multifetal pregnancy incidence and, 1146
Rachipagus twins, 1161f
Rachischisis, 1247

definition of, 1254t
Radial artery, 551, 1008-1009

pseudoaneurysms of, 1010, 1010f
Radial ray anomalies, 1412-1413, 1415f-1417f

in trisomy 18, 1136f
Radiation therapy, upper extremity deep 

venous thrombosis from, 
1034-1035

Radiofrequency ablation, for autonomously 
functioning thyroid nodules, 737

Radiofrequency thermal ablation, for prostate 
cancer, 412

Radiography
low-kilovoltage, for tendon imaging, 928
postnatal, in skeletal dysplasia evaluation, 

1397-1398
prenatal, in skeletal dysplasia evaluation, 

1397-1398
Radionuclide bone scan, for prostate cancer 

metastases, 423
Radiotherapy, external beam, for prostate 

cancer, 412
ultrasound-guided, 422-423, 423f

Radius, aplastic or hypoplastic, in Fanconi 
pancytopenia, 1412, 1416f

Ranulae, pediatric, 1701. , 1701f
sclerotherapy for, 2002-2003, 2031f

Ranunculi, 320
Rarefaction, in sound wave, 2-3, 3f
RCC. See Renal cell carcinoma (RCC).
Reactive hyperemia, in testicular detorsion, 

1951
Receiver, 9
Receiver gain, in obstetric sonography, 1062
Rectouterine recess, 547-548, 571-572
Rectum

carcinoma of, staging of, endosonography in, 
305-307, 306f

endosonography of, 305-307, 306f-311f
Red blood cells, decreased production of, fetal, 

hydrops from, 1444
Red cell alloimmunization

anemia from, diagnosis of, 1490, 1490f
fetal surveillance for, 1489
percutaneous umbilical blood sampling in, 

1547
screening fetus with hydrops for risk of, 

1433
Reflection, of sound, 5-6
Reflection coefficient, 5
Reflectors, specular, 5, 5b, 5f

Reflux nephropathy, 334, 335f
Refraction, 6-7, 6f

artifacts caused by, 6-7, 6f, 17
Regional enteritis, pediatric, intestinal wall 

thickening in, 1909f
Reidel’s lobe, 84
Reidel’s struma, 746, 746f
Rejection

in liver transplantation, 1837
in pancreas transplantation, 696, 697f
in renal transplantation

acute/hyperacute, 668, 670f
chronic, 668, 671f

Renal/abdominal circumference ratio, 1355
Renal artery(ies)

accessory, 459
anatomy of, 459
aneurysm of, 379, 380f, 466-467, 468f
Doppler waveform analysis of, in 

intrauterine growth restriction, 
1482, 1483f

duplex Doppler sonography of, 463-466
false-positive/false-negative results with, 

466, 467f
interpretation of, 466

fetal
absent, 1359f
normal, 1359f

infarction of, 377, 377f
occlusion of, 377
pediatric

duplex Doppler images of, 1823f
patency, Doppler assessment of, 1877
stenosis of

causes of, 1878, 1878b
Doppler sonography of, 1878-1880, 

1881f
signs of, 1878b, 1880

polar, 459
stenosis of, 378-379, 379f

after renal transplantation, 675-677, 
675f-678f

causes of, 461-463
in children, 463
renovascular hypertension and, 459-463, 

461b
thrombosis of, after renal transplantation, 

670-675, 674f
Renal calculi, 342-344, 345f

entities mimicking, 344, 344b, 346f
Renal cell carcinoma (RCC), 348-354

biopsy of, 352-353, 354f
classic diagnostic triad for, 349
cystic, 350-351, 352f
histologic subtypes of, 348
imaging approaches to, 349-350, 350f
in inferior vena cava, 478-480
interpretation pitfalls with, 353-354, 355f
metastases from, hypoechoic, 1778f
necrotic, 350-351
papillary, 350
pediatric, 580-581
prognosis for, 352-353
radiofrequency ablation of, 349-350, 350f
sonographic appearance of, 350-352, 

351f-353f
treatment approaches to, 349-350

Renal collecting system, pediatric
dilation of, 1856-1859. See also 

Hydronephrosis, pediatric.
duplication of, 1854-1855, 1854f-1855f

Renal cortex, 319-320
Renal dysgenesis, 371-372
Renal dysplasia, 371-372
Renal hilum, 319
Renal junctional defect, 1849-1851, 1852f
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Renal medullary pyramids, 319-320
Renal parenchyma, 319-320
Renal pelvic echo, in kidney localization, 1355
Renal pelvis

adenocarcinoma of, 360
fetal

diameter of, measurement of, 1369, 1369f
dilation of, 1369. See also Hydronephrosis.

pediatric, duplication of, 1854
Renal rind, elevated, pediatric, 1865, 1869f
Renal sinus, 319
Renal tubular acidosis, nephrocalcinosis with, 

1870f
Renal tubular disease, inborn errors of 

metabolism and, 1809
Renal vein(s)

anastomosis of, in renal transplantation, 663
left, anatomic variants of, 475-476
pediatric

duplex Doppler images of, 1823f
patency of, Doppler assessment of, 1877
thrombosis of

causes of, 1877-1878, 1878b
Doppler sonography of, 1877-1878, 

1879f
stenosis of, after renal transplantation, 679, 

680f
thrombosis of, 379-380, 381f

after renal transplantation, 677-679, 679f
hyperechogenic kidneys in, 1366-1367
renal calcifications in, 1869

Renovascular disease, 378
Renovascular hypertension

clinical findings suggesting, 461b
renal artery stenosis and, 459-463

Renunculi, in kidney development, 1849-1851, 
1852f

Resistive index (RI), 1474
in anterior cerebral artery, in infants, 

1641-1642
in hepatic artery, elevation of, after liver 

transplantation, 651
intracranial, 1657

in asphyxiated infants, 1645
factors changing, 1662t
factors modifying, 1641, 1642f, 1642t
hydrocephalus and, 1647, 1648f

intrarenal, pediatric, 1876
increased, causes of, 1876, 1877b, 1878f
in transplant rejection, 1884-1885, 1885t

in monitoring intracranial hemodynamics in 
infants, 1641, 1641f

in renal artery duplex Doppler sonography, 
466

in shunt malfunction versus atrophy, 1662, 
1663f-1666f

Resolution, spatial, 16-17
Resuscitation, neonatal, in hydrops, 1450
Retained products of conception, 1099, 1100f, 

1521-1523, 1522f
in pediatric patients, 1938, 1939f

Rete testis, 840-841, 841f
tubular ectasia of, 852, 853f

pediatric, 1946-1947, 1948f
Retinoblastomas, metastasis of, to testes, 1958
Retinoic acid, neural tube defects from, 1247
Retrogressive differentiation, in spine 

embryology, 1733, 1734f
Retromandibular vein, pediatric, 1692, 1692f
Retroperitoneum, 447-485

abdominal aortic aneurysm and, 448-456. 
See also Abdominal aorta, 
aneurysm of.

abdominal aortic dilation and, 456-457
atherosclerosis and, 447
fibrosis of, 482, 482f

fluid collections in, 482
masses in

benign, 481
lymphadenopathy as, 481
metastatic, 481
primary malignancies as, 481
solid, 481-482

nonvascular diseases of, 481-482
pancreas in, 216-217
prepancreatic, inflammation of, in acute 

pancreatitis, 229-231, 230f
stenotic disease of abdominal aorta and, 

458-459, 460f
Reverberation artifacts, 17, 19f

posterior, liver abscess and, 90, 91f
Rh alloimmunization

anemia from, diagnosis of, 1490, 1490f
fetal surveillance for, 1489
screening fetus with hydrops for risk of, 

1433
Rhabdoid tumor(s)

intraspinal, pediatric, 1752
neonatal/infant brain and, 1625-1626

Rhabdomyoma(s)
cardiac

fetal, 1317, 1318f
hydrops from, 1436, 1437f

in infants, 1317
in tuberous sclerosis, 1231f

Rhabdomyosarcoma(s)
bladder, 366
embryonal, pediatric, 1727

paratesticular, 1959-1961, 1960f
metastasis of, to testes, 1958
pediatric, 1727

biliary, in liver, 1818, 1819f
bladder, 1875, 1876f, 1969, 1969f
of presacral space, 1976-1977
prostate, 1969, 1969f
uterine, 1938
vaginal, 1938

salivary gland, pediatric, 1701
scrotal, 863-864, 863f

Rh0(D) antibodies, immune hydrops and, 
1431-1432

Rh0(D) immune globulin (RhoGAM), in 
immune hydrops prevention, 
1430, 1432

Rheumatoid arthritis
of hand and wrist, injections for, 941-942
synovial involvement in, 924

Rheumatoid tenosynovitis, 924, 926f
Rhizomelia, 1394, 1394b, 1394f
Rhizomelic chondrodysplasia punctata, 1410, 

1410f
Rhizomelic dysplasia, features of, 1409t
Rhombencephalic cavity, 1198
Rhombencephalic neural tube, 1198
Rhombencephalon, formation of, 1072, 1111f
Rhombencephalosynapsis, 1220-1223

frequency of, 1221
Rib shadowing, in chest sonography, 1778
Rib(s)

fractures of, pediatric, 1798
in skeletal dysplasias, 1396

Right atrial isomerism, in total anomalous 
pulmonary venous return, 1315

Rim rents, in rotator cuff tears, 893-894,  
894f

“Ring of fire” sign, in pediatric ectopic 
pregnancy, 1939-1940, 1940f

Roberts’ syndrome, 1413
Rocker-bottom foot, fetal, 1418f, 1420
Rolland-Desbuquois, 1411
Rostral neuropore, 1197-1198

Rotator cuff, 878-901
age-related changes in, 888-891, 890f
anatomy of, 879-887, 880f
calcifications of, 898-900, 899f
clinical considerations on, 878-879
normal, 887-891

adolescent, 887-888, 889f
pitfalls in sonography of, 898
repair of, postoperative appearances in, 

896-897
sonographic technique for, 879-887
tears of

asymptomatic, age-related, 888-891, 890f
criteria of, 891-894

discontinuity in cuff as, 893, 893f-894f
focal abnormal echogenicity as, 

893-894, 894f-895f
focal nonvisualization of cuff as, 

892-893, 893f
nonvisualization of cuff as, 891, 892f

findings associated with, 895-896
bone surface irregularity as, 896
concave subdeltoid fat contour as, 896
joint effusion as, 895
muscle atrophy as, 896
rotator cuff interval pathology as, 896
subdeltoid bursal effusion as, 895,  

896f
tear size and, 896

preoperative appearances of, 891-894
recurrent, 897
repair of, postoperative appearances in, 

897, 898f
technical considerations for, 879

Rotavirus infection, pediatric, intestinal wall 
thickening in, 1908f

Round ligament(s), 547-548
cysts of, simulating groin hernias, 518
relationship of indirect inguinal hernia to, 

490-492, 495f
thrombosis of, simulating groin hernias, 

518-519, 520f
varices of, simulating groin hernias, 518-519, 

519f-520f
Round pneumonia, pediatric, 1780, 1782f
Rubella

congenital, neonatal/infant brain and,  
1622

fetal, hydrops from, 1446-1447
maternal, pulmonic stenosis and, 1316

Rupture of membranes
complicating amniocentesis, 1544
preterm premature, 1527-1528

cervical assessment in, 1538

S
Sacral agenesis

fetal, 1267
in caudal regression, 1267
in caudal regression syndrome, 1412

pediatric, in Currarino triad, 1754
Sacral bone tumors, pediatric, 1976-1977
Sacrococcygeal teratoma(s)

Altman’s classification of, 1754t
fetal, 1267-1269, 1269b, 1269f

Doppler assessment of, 1493
pediatric, 1752-1754, 1759f, 1762f, 1975, 

1976f
cystic, 1761f
intrapelvic, 1760f

Saddle nose, in skeletal dysplasias, 1396
Safety

of diagnostic imaging, American Institute of 
Ultrasound in Medicine 
statements on, 47-48, 47b

hyperthermia and, 38

Retroperitoneum (Continued)
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of microbubble contrast agents, 71-72
of obstetric sonography, 1061-1071. See also 

Bioeffects, of obstetric sonography.
Sagittal sinus, fetal, thrombosis of, 1236f
Saline injection, para-aneurysm, for 

pseudoaneurysm neck 
compression, 1018

Salivary glands, pediatric, 1691-1702. See also 
Parotid gland(s), pediatric ; 
Sublingual glands, pediatric ; 
Submandibular glands, pediatric.

inflammation of, 1693-1696
acute, 1694-1695, 1694f-1695f
chronic, 1695-1696, 1696f-1697f

masses of, 1698-1700, 1700f
neoplasms of, 1696-1698
vascular masses of, 1698

Sample volume, in obstetric Doppler 
sonography, 1062

Sandal toes, fetal, 1418f, 1420
Saphenofemoral junction, as landmark for 

femoral hernias, 498-499, 499f
Saphenous vein

great, 1024, 1025f
small, 1024-1025, 1025f

Sarcoid, chronic pediatric sialadenitis in, 1696
Sarcoidosis

calcified splenic granulomas in, 160f
testicular involvement in, 854, 856f

Sarcoma(s)
embryonal, undifferentiated, in pediatric 

liver, 1818
Kaposi’s

of adrenal glands, 440, 441f
liver in, 135

masticator space, pediatric, 1702
renal, 366
retroperitoneal, 481
synovial, of tendon sheaths, 927

Sarcoma botryoides, pediatric, 1875, 1938, 
1969

Sawtooth flow disturbance, from temporal tap, 
950-951, 951f

Scapulae, hypoplastic, in campomelic dysplasia, 
1395

Scars, exuberant, simulating anterior abdominal 
wall hernias, 520, 521f

Schistosomiasis
hepatic, 94

pediatric, 1820
urinary tract, 338-339, 339f

Schizencephalic clefts, hydranencephaly 
differentiated from, 1236

Schizencephaly, 1227, 1230f, 1586-1587, 
1592f

cytomegalovirus infection and, 1586-1587, 
1619-1620

holoprosencephaly differentiated from,  
1220

Schneckenbecken dysplasia, 1407
Sclerosing arteritis, in chronic renal transplant 

rejection, 1885
Sclerosing cholangitis

primary, intrahepatic stones in, 179, 180f
recurrent, complicating liver transplantation, 

645, 646f
secondary, causes of, 189b

Sclerosing peritonitis, 539-541, 541f
Sclerotherapy, ultrasound-guided

of macrocystic lymphatic malformation, 
1795, 1797f

for orbital lymphatic malformation, 2002, 
2030f

Sclerotome, in spine embryology, 1245-1247, 
1246f, 1247t

Scoliosis, fetal, 1265-1267
causes of, 1267b

Scrotal pearls, 858, 859f
Scrotal sac, torsion in, 1949-1950
Scrotoliths, 1953
Scrotum, 840-877. See also Testis(es).

anatomy of, 840-843, 841f-843f
bifid, fetal, 1380-1381
calcifications in, 856-858, 857b, 857f, 859f
calculi in, extratesticular, 858, 859f
cryptorchidism and, 871-874, 873f
epididymal lesions and, 864. See also 

Epididymis.
hematoceles of, 858, 860f
hernia in, 861, 862f
hydrocele of, 858, 860f
masses in, 843-864. See also Testis(es), 

tumors of.
pain in, acute, 864-869

causes of, 866b
from epididymitis, 869, 870f-871f
from epididymo-orchitis, 869, 870f-872f
from Fournier gangrene, 869
from testicular torsion, 866-869, 

867f-868f
from torsion of testicular appendage, 

868-869
pathologic lesions of, extratesticular, 

858-864
pediatric

anatomy of, 1943-1944
edema of, acute idiopathic, 1954-1955, 

1955f
Fournier’s gangrene and, 1955
masses of, 1955-1961

extratesticular causes of, 1958-1959
intratesticular causes of, 1955-1958
paratesticular, 1959-1961

pain/swelling of, acute, 1947-1955, 1948b
secondary to intra-abdominal process, 

1955
trauma to, 1953-1954

pyoceles of, 858, 860f
sonography of

technique for, 840
uses of, current, 841b

trauma to, 869-871, 873f
tumors of, extratesticular, 858b, 861-864, 

863f
varicocele of, 858-861, 861f-862f

Sedation, for pediatric interventional 
sonography, 2003

Segmentation, in organogenesis, 1574, 1575f
Seldinger technique, for drainage catheter 

placement, 627, 627f
Seminal vesicles, 393f-394f, 396

calcification of, 405
cysts of, 405, 405f

pediatric, 1966, 1966f
pediatric, 1943, 1943f

Seminiferous tubules, 840-841, 841f
Seminoma(s)

in dysplastic gonads, 1955
pediatric, testicular, 1956, 1956f
testicular, 844-845, 845f-846f

from cryptorchidism, 873
occult, 849f

Sepsis, pediatric, jaundice in, 1808
Septal hypertrophy, fetal, with diabetic 

mothers, 1319
Septate uterus, 554, 554f-555f

sonographic diagnosis of, 555-556, 555f
Septic arthritis, pediatric, 1997, 1998f
Septic emboli, in Lemierre’s syndrome, 1728, 

1729f
Septicemia, in Lemierre’s syndrome, 1728

Septo-optic dysplasia
holoprosencephaly differentiated from, 1220
as mild lobar holoprosencephaly, 1583-1584, 

1590f
in rhombencephalosynapsis, 1223

Septula testis, 841, 842f
Septum pellucidum

absent, in rhombencephalosynapsis, 1223
cavum of, fetal, routine sonographic view of, 

1049f
Septum primum, 1305, 1305f
Septum secundum, 1306
Sequestration(s)

fetal, Doppler in assessment of, 1493
pulmonary, pediatric, 1789-1790, 1792f

Serial amnioreduction, for twin-twin 
transfusion syndrome, 1155-1156, 
1545

Seroma(s)
after herniorrhaphy, 512-513, 513f, 515-516
after pancreas transplantation, 699f
pediatric, 1742
pelvic, 596

Serous cystadenocarcinoma, ovarian, 586-587, 
586f

Serous cystadenoma, ovarian, 586-587, 586f
Sertoli cell tumors, 848, 848f

pediatric, testicular, 1956-1957
Sertoli-Leydig cell tumors, ovarian, 591
Sesamoid bones, normal sonographic 

appearance of, 907, 909f
Sex reversal, in campomelic dysplasia, 1407
Sextuplets, first trimester, 1149f
Sexual precocity, peripheral, ovarian cysts and, 

1929-1930
Shadowing, 20, 21f

acoustic
in breast lesion detection, 792
decreased/absent, in skeletal dysplasias, 

1395
sold breast nodules with, 798-800

in uterine fibroids, 557-558, 557f
Shockwave, 37
Short-rib polydactyly syndromes, 1395f, 1407, 

1408f
findings in, 1396

Shoulder
injection of, 938-939, 939f
neonatal, 1997f
tendons of, normal sonographic appearance 

of, 907
Shoulder pain. See Rotator cuff.
Shunt(s)

in hydrocephalus, malfunctioning, resistive 
index in, 1662, 1663f-1664f

for in utero drainage, placement of, 1551
portosystemic, 136-138

intrahepatic, 108-109
transjugular, 136-138, 139f

thoracoamniotic, ultrasound-guided, 1549
Shunting

for hydrocephalus, in infants, Doppler 
studies of brain and, 1647-1648, 
1648f

ventriculoperitoneal, for Dandy-Walker 
malformation, 1581, 1588f

vesicoamniotic, for lower urinary tract 
obstruction, 1377-1379, 1379f

Shwachman-Diamond syndrome, pancreatic 
enlargement in, 1920, 1921f

Sialadenitis, pediatric, chronic, 1696
infectious, 1696
noninfectious, 1696, 1697f

Sialolithiasis
chronic parotid sialadenitis from, 1697f
pediatric, 1694-1695, 1695f

Safety (Continued)
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Sickle cell disease, spleen in, 163-164
Sickle cell patients, pediatric, stroke in, 

transcranial Doppler in screening 
for, 1676-1685, 1677f-1686f

Side-by-side imaging, 64, 65f
Side lobe artifacts, 17, 19f
Side lobes, 17, 19f
Silicone granuloma, in extracapsular breast 

implant rupture, 821-822, 823f
Silverman-Handmaker, 1411
Simpson-Golabi-Behmel syndrome, congenital 

diaphragmatic hernia in, 1287
Sinding-Larsen-Johansson disease, 926-927
Sinus(es)

dorsal dermal, pediatric, 1745, 1749f
urachal, 329, 330f

Sinus bradycardia, fetal, 1321
Sinus histiocytosis, metastasis of, to testes, 

1958
Sinus venosus atrial septal defect, 1305, 1306f
Sirenomelia

fetal, 1267, 1268f, 1412, 1413f
pediatric, 1752

Sirenomelia sequence, sacral agenesis in, 1267
Site-specific ovarian cancer syndrome, 584
Situs inversus, total vs. partial, 1327
Situs inversus totalis, of liver, 84
Sjögren’s syndrome, chronic pediatric 

sialadenitis in, 1696
Skeletal deformities, fetal lung size and, 1273
Skeletal dysplasia(s), fetal

femur/foot length ratio in, 1393
hydrops from, 1447
lethal, 1398-1407

achondrogenesis as, 1402. See also 
Achondrogenesis.

campomelic dysplasia as, 1404-1407, 
1407f. See also Campomelic 
dysplasia.

diagnosis of, 1389
features of, 1398b
hypophosphatasia congenita as, 1404
osteogenesis imperfecta as, 1402-1404. See 

also Osteogenesis imperfecta.
short-rib polydactyly syndromes as, 1407, 

1408f
thanatophoric dysplasia as, 1398-1399. 

See also Thanatophoric dysplasia.
lethality of, pulmonary hypoplasia and, 

1395-1396
nonlethal or variable prognosis, 1408-1411

asphyxiating thoracic dysplasia as, 
1409-1410

chondrodysplasia punctata as, 1410-1411, 
1410f

diastrophic dysplasia as, 1409, 1410f
dyssegmental dysplasia as, 1411, 1411f
Ellis-van Creveld syndrome as, 1410
heterozygous achondroplasia as, 

1408-1409, 1409f
osteogenesis imperfecta types I, III, IV, 1411

prevalence of, 1389, 1390t
sonographic evaluation of, 1393-1398, 

1393b
with abnormal bone length or appearance, 

1393-1397
additional imaging in, 1397-1398
with positive family history, 1393
three-dimensional ultrasound in, 1397, 

1397f
Skeletal survey, postnatal, in hydrops diagnosis, 

1448
Skeleton, fetal

disorders of. See also Skeletal dysplasia(s).
limb reduction defects as, 1411-1415. See 

also Limb reduction defects.

findings in aneuploidy involving, 1420-1421
normal, 1390-1393

development of, 1390
extremity measurements and, 1390-1393, 

1392f-1393f
Skin folds, fetal, thickened, in lethal skeletal 

dysplasias, 1398
Skull, fetal

cloverleaf, 1168-1169, 1170f-1171f
in thanatophoric dysplasia type 2, 1399, 

1401f
lemon-shaped, 1168-1169, 1170f
strawberry-shaped, 1168-1169, 1170f

Sleep apnea, in children, transcranial Doppler 
in evaluation of, 1661-1662

Sludge
in amniotic fluid, spontaneous preterm birth 

and, 1536, 1536f
biliary, 201, 202f

acute pancreatitis from, 227
gallbladder

fetal, 1333, 1333f
pediatric, 1811

Small bowel
fetal, 1334-1338
intussusception of, transient, 1903, 1904f
lymphoma of, 271, 271f
pediatric, 1897-1905

anatomy of, normal, 1897, 1900f
obstruction of, 1901-1902, 1902f-1903f
sonographic technique for, 1897

Small bowel mesentery, 524-525, 525f
Small-for-gestational age fetus, 1466, 

1473-1474
Smith-Lemli-Opitz syndrome, 1380-1381

microcephaly from, 1224-1225
Sniff test, in examination for upper extremity 

venous thrombosis, 1036, 1037f
Society for Fetal Urology, grading system of, 

for hydronephrosis, 1369, 1369f
Soft tissue(s)

heating of, 37-38
perienteric, in acute abdomen, 284

Soluble forms, of injectable steroids, 937
Somites, in spine embryology, 1245, 1246f, 

1247t, 1733
Sonazoid, 55
Sonochemistry, acoustic cavitation and, 42,  

42f
Sonoelastography, in thyroid imaging, 708, 

732-733, 733f-734f
Sonographic air bronchograms, 1769, 1775f
Sonohysterography (SHG), 547, 549-550
SonoVue, 55
Sound

physical effects of, 35
propagation of, 3-4
propagation velocity of, 3-4, 3f

Sound waves, 2-3, 3f
Spastic diverticulosis, 293
Spatial compounding, 14-16, 15f-16f
Spatial focusing, tissue heating and, 35
Spatial resolution, 16-17
Speckle, 5-6, 6f

effect of, on contrast, 14-16, 15f
spatial compounding and, 14-16

Spectral broadening, in Doppler imaging, 23, 
29-30, 30f

in carotid artery stenosis, 960, 960f
Spectral window, 957, 957f
Specular reflectors, 5, 5b, 5f
Speech, delayed, obstetric sonography and, 

1066
Sperm, transport of, 1073-1075
Sperm granuloma, 863f, 864

Spermatic cord, 841f, 842-843
cysts of, pediatric, 1959
relationship of indirect inguinal hernia to, 

490-492, 494f-495f
torsion of, 864-866, 1948-1949

Spermatoceles, 864, 865f
pediatric, 1959

Sphincter of Oddi, dysfunction of, 
complicating liver transplantation, 
647

Spiculation, in solid nodules, 793, 794f-796f, 
795-796

Spigelian hernias, 499-500, 500f-503f
location of, 488-490, 491f

Spina bifida, 1247
abnormalities associated with

cranial, 1257
noncranial, 1257-1263

closed, cranial changes in, 1216-1217, 1216f
definition of, 1254t
evaluation protocol for, with 3-D volume 

data, 1253b
level of

anatomic landmarks in establishing, 
1257b

prognosis and, 1257
open, cranial changes in, 1214-1216, 1215f, 

1216b
pathogenesis of, 1255
pathology of, 1255
pediatric, neurogenic bladder with, 1965f
prevention of, folic acid in, 1253-1255
prognosis for, 1263
screening for

alpha-fetoprotein in, 1250, 1255-1256, 
1258f

ultrasound in, 1255-1256
sonographic findings in, 1256-1257
sonographic signs of, 1257b

Spina bifida aperta, 1742
Spina bifida cystica, 1742
Spina bifida occulta

definition of, 1254t
pathology of, 1255

Spinal canal, pediatric, 1733-1767
anatomy of, normal, 1734-1737, 

1735f-1741f
caudal regression and, 1752, 1753f
craniocervical junction in, 1737, 1742f
embryology of, 1733-1734, 1734f
hemorrhage of, 1754-1763, 1763f
infection in, 1754-1763
sonographic technique for, 1734-1737
spinal dysraphism and, 1737-1742. See also 

Spinal dysraphism, pediatric.
tumors of, 1752-1754
vertebral body anomalies in, 1752

Spinal cord
fetal, position of, normal, 1249-1250,  

1250f
pediatric, tumor of, neurogenic bladder 

from, 1964
Spinal dysraphism. See also Neural tube defects 

(NTDs).
fetal, 1247

cephalocele as, 1172
definition of, 1254t

pediatric, 1737-1742
anomalies associated with, 1750-1751, 

1751b, 1751f
occult, 1743-1751

diastematomyelia as, 1747-1750, 1750f
dorsal dermal sinuses as, 1745, 1749f
meningocele as, 1745
myelocystocele as, 1747, 1750f
sacral dimple in, 1750, 1751f

Skeleton, fetal (Continued)
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spinal lipoma as, 1743f, 1745, 
1746f-1749f

split notochord syndrome as, 
1750-1751, 1751f

overt, 1742-1743, 1743f-1744f
myelocele as, 1742, 1743f
myelomeningocele as, 1742, 1743f
spina bifida as, 1742. See also Spina 

bifida.
Spine, fetal, 1245-1272

abnormalities of
caudal regression as, 1267, 1268f
definition of terms for, 1254t
diastematomyelia as, 1264-1265, 1266f
kyphosis as, 1265-1267, 1266f
myelocystocele as, 1263-1264, 

1264f-1265f
presacral fetal mass as, 1269-1270, 1269b
sacral agenesis as, 1267
sacrococcygeal teratoma as, 1267-1269, 

1269b, 1269f
scoliosis as, 1265-1267
sirenomelia as, 1267, 1268f
spina bifida as, 1252-1263. See also Spina 

bifida.
assessment of, in skeletal dysplasias, 1395
developmental anatomy of, 1245-1250
embryology of, 1245-1247
imaging of

magnetic resonance, 1245
three-dimensional ultrasound in, 1245

ossification of, 1247-1249, 1248f-1249f
in lateral longitudinal scan plane, 1252f
in posterior angled transaxial scan plane, 

1253f
in posterior longitudinal scan plane, 1253f
timing and pattern of, 1250t

routine sonographic views of, 1053f
scanning techniques for, 1250-1252

scan planes in, 1250-1252, 1251f-1253f
with three-dimensional ultrasound, 1252

Spiral arteries, 551
Spleen, 146-171

abscesses of, 156, 158f
drainage of, ultrasound-guided, 632-633

absence of, 148
accessory, 167-168, 168f
anatomy of, 146
biopsy of

percutaneous needle, ultrasound-guided, 
623, 624f

ultrasound-guided, 168
congenital anomalies of, 167-168
cysts of, 154-156, 154f-158f, 155b. See also 

Cyst(s), splenic.
embryology of, 146-148, 147f
enlargement of, 152-154, 153f. See also 

Splenomegaly.
fetal, 1334
focal abnormalities of, 154-163

cysts as, 154-156. See also Cyst(s), splenic.
nodular lesions as, 156-158

calcified, 157, 160f
in candidiasis, 157-158, 161f
causes of, 158b
in lymphoma, 158, 161f
metastatic, 158
microabscesses as, 157-158, 161f
in sarcoidosis, 160f
in tuberculosis, 157, 159f-160f

solid lesions as, 158-163, 163b
benign, 162-163
malignant, 158-162, 162f

functions of, 148
Gamna-Gandy bodies in, 164

in Gaucher’s disease, 164, 165f
hemangiomas of, 156
interventional procedures for, 168
lymphangiomas of, 156
measurement of, sonographic approach to, 

150, 152f
metastases to, cystic, 156
pathologic conditions of, 152-167
pediatric, 1839-1842

abscesses of, 1840
accessory, 1842f
calcifications in, 1840
contusion to, 1842f
cysts of, 1840
granulomas of, 1842f
hematomas of, 1841, 1842f
infarcts of, 1841-1842, 1842f
spontaneous rupture of, 1841
wandering, 1841-1842

peliosis of, 156
pitfalls in interpretation with, 168-169
retrorenal, 169
rupture of, 165

spontaneous, 153-154
in sickle cell disease, 163-164
sonographic appearance of, 151f-152f, 

152-167
sonography of, 149, 149f-150f
trauma to, 165-167, 166f-167f
wandering, 168, 168f
as window to pleural space, 1769, 1774f

Splenic artery, Doppler waveform analysis of, 
in intrauterine growth restriction, 
1481-1482, 1481f

Splenic varices, in portal hypertension, 1830f
Splenic vein

body of pancreas and, 217, 217f
pediatric

Doppler studies of, best approach for, 
1824

duplex Doppler images of, 1823f
flow direction in, in portal hypertension, 

1824
thrombosis of

in chronic pancreatitis, 238-240, 
240f-241f

complicating acute pancreatitis, 236, 237f
Splenogonadal fusion, 855

ectopic splenic tissue and, 1961
Splenomegaly, 152-154

causes of, 152, 152t
complications of, 153-154
diffuse, 153
focal, 153
massive

causes of, 152, 152t
definition of, 152

pediatric, 1840
causes of, 1841b

in sickle cell disease, 163-164
sonographic appearance of, 150f-151f

Splenorenal ligament, 146, 147f-148f
Splenorenal shunt, in portal hypertension, 

1827, 1830f
Splenosis, posttraumatic, 168
Splenunculi, 167-168
Split cord malformation

fetal, 1264-1265
pediatric, 1747-1750

Split notochord syndrome, pediatric, 
1750-1751, 1751f

Spondyloepiphyseal dysplasia, pediatric, 2002
Spondylothoracic dysostosis, vertebral body 

anomalies in, 1752
Sports hernias, 502-504

Squamous cell carcinoma (SCC), genitourinary, 
360

Staghorn calculus
in children, 1869, 1871f
in xanthogranulomatous pyelonephritis, 336, 

336f
Steatosis

diffuse, 95-96, 96b
in inborn errors of metabolism, 1809
pediatric, 1810-1811, 1811b, 1811f

Stein-Leventhal syndrome, pediatric, 1932, 
1934f

Stensen’s duct, pediatric, 1691-1692
Stent

peripheral artery, evaluation of, 1001, 1008f
popliteal artery, occlusion of, 1006f

Stepladder sign, in intracapsular breast implant 
rupture, 820-821, 821f

Sternocleidomastoid muscle, 709f, 711
Sternohyoid muscle, 709f, 711
Steroids

anabolic, therapy with, hepatic adenomas 
and, 1814

injectable, for musculoskeletal interventions, 
937

injections of, pediatric, ultrasound-guided, 
2001-2002, 2028f

Stickler syndrome, clefts of secondary palate in, 
1184

Stippled epiphyses, 1410
Stitch abscess, after herniorrhaphy, 512-513, 

514f
Stomach

carcinoma of, endosonographic identification 
of, 305

fetal, 1327-1329
diameter measurements of, 1330t
dilated, 1329, 1331f
duplication cysts in, 1338, 1340f
midline, 1329, 1331f
normal sonographic appearance of, 1328f
right-sided, 1329
small or absent, 1327-1329, 1329b

lymphomas of, endosonographic 
identification of, 305

pediatric
anatomy of, 1891-1892, 1892f
antrum of, distention of, for pyloric 

muscle imaging, 1895-1896, 
1897f-1898f

bezoar and, 1897, 1900f
gastric diaphragm and, 1896, 1898f
gastric ulcers and, 1896, 1899f
gastritis and, 1896, 1899f
hypertrophic pyloric stenosis and, 

1892-1896, 1894f
measurements for, optimal, 1891b
pylorospasm and, 1894-1895, 1895f
sonographic technique for, 1891-1892

Stomodeum, 1166, 1167f
Stones. See Calculus(i).
Streaming, 35
Streptococcal meningitis, group B, neonatal/

infant, 1622-1623, 1623f-1624f
Stress maneuvers, for determining hip stability, 

1984
Strictures, in Crohn’s disease, 275-277, 

278f-279f
String sign, distinguishing totally occluded 

carotid artery from, 974-975
Stroke, 948

in neonate/infant, Doppler studies of brain 
and, 1646-1647, 1648f

in pediatric sickle cell patients, transcranial 
Doppler in screening for, 
1676-1685, 1677f-1686f

Spinal dysraphism (Continued) Spleen (Continued)
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Stroke Prevention Trial in Sickle Cell Anemia 
(STOP), stroke risk categories of, 
1683-1684

Stroma, ovarian, 548
Stromal cell tumors, ovarian, pediatric, 

1934-1935
Stromal tumors, gastrointestinal, 269, 270f

of rectum, 311f
Struma ovarii, 590
Sturge-Weber syndrome

facial hemangiomas in, 1188
transcranial Doppler assessing, 1668
venolymphatic malformations in, 1719-1720

Subacromial-subdeltoid bursa, in adolescent 
rotator cuff, 887

Subamniotic hematoma, 1510
Subarachnoid cyst, posterior fossa, Dandy-

Walker malformation 
differentiated from, 1221, 1582

Subarachnoid hemorrhage, neonatal/infant 
brain and, 1608-1611, 1611f

Subarachnoid spaces, neonatal/infant
development of, 1569-1570
fluid collections in, Doppler imaging of, 

1649, 1651f
Subchorionic cysts, maternal floor infarction 

with, 1509, 1509f
Subchorionic hematoma, 1510

placental abruption differentiated from, 
1506-1508

Subchorionic hemorrhage, 1081f
predicting abnormal outcome, 1096-1098, 

1098f-1099f
Subclavian artery, 1008-1009
Subclavian steal syndrome, 987-989, 988f

complete, 988
incomplete or partial, 988, 989f-990f
presteal waveform in, 988

Subclavian vein, 1034, 1035f
thrombosis of

examination for, 1036-1037, 1036f
in Paget-Schroetter syndrome, 1781-1784, 

1785f
Subcutaneous edema, fetal, in hydrops, 

1427-1429, 1430f-1431f
Subdeltoid bursa, 882

effusion in, in rotator cuff tear, 895, 896f
Subdural effusions, neonatal/infant, Doppler 

imaging of, 1649, 1651f
Subdural hematomas, neonatal/infant, 1618, 

1619f-1620f
Subdural hemorrhage, fetal, bilateral, 1237f
Subendometrial halo, 551
Subependymal cysts

from aging subependymal hemorrhage, 1599
neonatal/infant, 1629, 1630f

Subependymal hemorrhage, neonatal/infant 
brain and, 1598f, 1599, 
1600f-1601f

Subglottic stenosis or atresia, congenital high 
airway obstruction from, 1281

Sublingual gland, pediatric, anatomy of, 1693, 
1693f

Subluxation, description of, 1984
Submandibular glands, pediatric

anatomy of, 1692-1693, 1692f
pleomorphic adenoma of, 1700f
sialolithiasis of, 1694-1695, 1695f

Submandibular space, pediatric, 1692, 1692f
cystic lesions of, 1701-1702

Subplacental hematoma, 1506-1508, 1507f
Subscapularis tendon, 882, 884f-885f
Subseptate uterus, 554, 554f-555f
Subvalvular aortic stenosis, 1316
Succenturiate lobe, in monochorionic twin, 

1148

Succenturiate lobes, of placenta, 1514-1515, 
1514f

Sulcation, disorders of, brain malformations 
from, 1586-1587

Sulcus(i), of brain
development of, 1197-1198
neonatal/infant

development of, 1569-1570, 1570f-1571f
silhouetting of, in diffuse cerebral edema, 

1612, 1615f
radial arrangement of, in corpus callosum 

agenesis, 1578, 1586f
“Sunburst sign”, in corpus callosum agenesis, 

1578, 1586f
Superficial peritendinous and periarticular 

injections
for foot and ankle, 939-941, 940f-942f, 

945-946
for hand and wrist, 941-942, 942f

Superior cerebellar artery, Doppler waveform 
analysis of, in intrauterine growth 
restriction, 1482

Superior labral detachment, 886-887
Superior mesenteric artery

body of pancreas and, 217, 217f
Doppler waveform analysis of, in 

intrauterine growth restriction, 
1482, 1482f

Superior mesenteric vein, body of pancreas 
and, 217

Superior vena cava (SVC)
in fetal circulation, 1472, 1473f
thrombosis of, Doppler sonographic findings 

in, 1784, 1784b
Supraclavicular lymphadenopathy, pediatric, 

1720
Suprahyoid space, pediatric

anatomy of, 1690-1702, 1691f
cystic lesions of, 1701-1702, 1701b, 

1701f-1702f
masticator space of, pathology of, 1702, 

1703f-1704f
parotid and submandibular spaces of, 

1691-1702
Supraspinatus tendon, 882, 885f
Supratentorial tumors, neonatal/infant brain 

and, 1625-1626
Supravalvular aortic stenosis, 1316
Supraventricular tachycardia(s)

with Ebstein anomaly, 1310-1311
fetal, 1320

hydrops from, 1437, 1438f
Surveillance

active, for prostate cancer, 413
fetal, 1472-1498

biophysical profile scoring in, 1493-1495. 
See also Biophysical profile (BPP) 
scoring.

circulation and, 1472-1473, 1473f
of indomethacin and ductus arteriosus, 

1491-1493
in intrauterine growth restriction, 

1473-1489. See also Intrauterine 
growth restriction (IUGR), 
Doppler waveform analysis in.

in morphologic abnormalities, 1493
in multiple gestations, 1491
in prediction of fetal hematocrit, 

1489-1491
in red cell alloimmunization, 1489

Suspensory ligament, of ovary, 548, 571-572
Sutures, cranial, premature fusion of, 

1169-1171, 1169b, 1170f-1171f
Swelling, in deep venous thrombosis, 1026
Sylvian fissure, neonatal/infant, development 

of, 1563f, 1569-1570

Syncytiotrophoblast, 1076f, 1078, 1500f
Syndactyly

fetal, 1418f, 1419
of fingers, in triploidy, 1138f

Synovial bursae, 902-903
Synovial sarcomas, of tendon sheaths, 927
Synovial sheaths, 902-903

normal sonographic appearance of, 907, 
910f

Synovitis
of hip, pediatric, 1996
pediatric, 1999

Syntelencephaly, 1218, 1219f
Syphilis, fetal, hydrops from, 1444-1447
Systemic lupus erythematosus, maternal, fetal 

atrioventricular block from, 
1321-1322

Systolic-to-diastolic (S/D) ratio, 1474
Systolic velocity, cerebral, factors changing, 

1662t

T
“T” sign, in monochorionicity, 1148, 1151f
Tachyarrhythmias, fetal, hydrops from, 

1437-1438
Tachycardia

fetal, 1320-1321, 1321f
neonatal/infant, intracranial resistive index 

and, 1641
supraventricular

with Ebstein anomaly, 1310-1311
fetal, hydrops from, 1437, 1438f

Tactile sensation, in obstetric sonography,  
1064

Tailgut cysts, 301, 302f
Takayasu’s arteritis

aortic stenosis in, 459
of common carotid artery, 979-981, 982f

Talipes equinovarus, fetal, 1418f-1419f, 
1419-1420

Talipomanus, fetal, 1419
Talus, vertical, 2001-2002
Tamoxifen, endometrial carcinoma and, 

567-568
Tandem plaques, in carotid stenosis, 954-956
Tardus-parvus waveform(s)

in hepatic artery thrombosis after liver 
transplantation, 647-650, 649f

in internal carotid artery stenosis, 969f, 974
in lower extremity peripheral artery disease, 

1004f
in peripheral artery occlusions, 1004f, 

1005-1006
in renal artery duplex Doppler sonography, 

464f, 466
in renal artery stenosis, 378, 379f
in subclavian steal syndrome, 988

Target pattern, in gut wall, 262, 265f
TargetScan, in prostate cancer, 418
TCC. See Transitional cell carcinoma (TCC).
TCD sonography. See Transcranial Doppler 

(TCD) sonography.
Teale’s hernia, 498-499, 500f
Telangiectasia, hemorrhagic, hereditary, 109
Telencephalon, formation of, 1111
Temporal average, 36, 36f
Temporal bone approach

for Doppler imaging of neonatal/infant 
brain, 1637-1638, 1640f

for transcranial Doppler, 1654-1655, 
1655f-1656f

Temporal horns, of lateral ventricles, neonatal/
infant, in coronal imaging, 1562

Temporal maximum-intensity projection 
imaging, 64-65, 65f

Temporal peak intensity, 36, 36f
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Temporal tap, in external carotid artery 
identification, 950-951, 951f

Tendinitis, 920-921, 921b, 922f-923f
acute, 921, 922f
calcific, injections for, 943-945, 945f
chronic, 921, 923f
patellar, power Doppler examination 

technique for, 905f
Tendinosis, 918-920, 921f

de Quervain’s, injection for, 941-942, 942f
in sports hernia, 502-504, 503f

Tendon(s), 902-934
anatomy of, 902-903
anisotropic property of, 907, 911f, 935-936
anisotropic structure of, rotator cuff scanning 

and, 879
conjoined

direct inguinal hernia and, 492-497, 
497f-498f

weakness/tear of, sports hernia and, 502, 
503f

cysts of
Baker’s, 928, 931f
ganglion, 927, 930f

deep, injection of, 942-943
gouty tophi in, 927
impaired motion and entrapment of, 927
inflammation of, 920-926

in bursitis, 924-925, 926f
in enthesopathy, 925-926
in peritendinitis, 921, 923f
in tendinitis, 920-921, 921b, 922f-923f
in tenosynovitis, 922-924, 924f-925f

infraspinatus, 883-886, 887f
instrumentation for, 903-907

standoff pad as, 905-906, 906f
in nonarticular osteochondroses, 926-927, 

928f
nonvisualization of, in complete ruptures, 

918
normal sonographic appearance of, 907-918

in ankle, 916-918, 917f
in elbow, 907, 912f
in foot, 916-918
in hand and wrist, 907-910, 913f-915f
in knee, 910-916, 915f-916f
in shoulder, 907

other imaging modalities for, 928-932
pathology of, 918-928
postoperative patterns in, 927, 929f
pseudotumors of, 927-928
sheaths for, 902-903
sonographic technique for, 903-907, 906b

color Doppler imaging as, 903-904
elastography as, 904-905
electronic beam steering as, 903, 905f
flexion and extension maneuvers as, 906
in interventional procedures, 906-907
panoramic imaging as, 903, 904f
power Doppler imaging as, 903-904, 905f
real-time spatial compound scanning as, 

903, 904f
three-dimensional scanning as, 905, 906f
tissue harmonic imaging as, 903

sonography of, as operator dependent, 932
subscapularis, 882, 884f-885f
supraspinatus, 882, 885f
tears of, 918-919

complete, 918, 919f
incomplete, 918-919, 920f
intrasubstance, 918

teres minor, 883-886, 889f
tumors of, 927-928

in familial hypercholesterolemia, 927
giant cell, 927
osteochondromas as, 927

synovial sarcomas as, 927
xanthomas as, 927

Tenography, 924, 928
Tenosynovitis, 922-924, 924f-925f

de Quervain’s, 924, 925f
rheumatoid, 924, 926f
stenosing, injections for, 939-941

Tenotomy, percutaneous, 945-946, 946f
Teratocarcinomas, pediatric, testicular, 1956
Teratogenic effects, from hyperthermia, 38
Teratogenicity, of thermal effects of ultrasound, 

1063
Teratogens, holoprosencephaly from, 

1583-1584
Teratologic dislocation of hip, pediatric, 1983, 

2002
Teratoma(s)

cystic, ovarian, 553f, 588-590, 588b, 
589f-590f

dacryocystocele differentiated from, 
1174-1178

fetal
cardiac, 1318
cervical, 1189-1191, 1192f
coccygeal, hydrops from, 1444
intracranial, 1238, 1239f
intrapericardial, hydrops from, 1436-

1437, 1437f
neck, hydrops from, 1438-1439, 1439f
sacrococcygeal, 1267-1269, 1269b,  

1269f
Doppler assessment of, 1493

neonatal/infant
brain, 1625-1626
cardiac, 1317

ovarian, immature, 590
pediatric

cervical, 1716-1718, 1718f
gastrointestinal, 1916-1918, 1918f
mediastinal, 1786
ovarian, 1934-1935, 1935f

hemorrhagic ovarian cyst differentiated 
from, 1932

sacrococcygeal, 1752-1754, 1975, 1976f
cystic, 1761f
intrapelvic, 1760f

testicular, 1956
thyroid, 1712

sacrococcygeal, Altman’s classification of, 
1754t

testicular, 845, 847f
Teres minor tendon, 883-886, 889f
Terminal ductolobular units (TDLUs), of 

breast, 775-776
sonographic appearance of, 780-781, 

782f-783f
Terminal ileitis, 291

acute, pediatric, appendicitis differentiated 
from, 1975

Terminal myelocystocele, 1264
pediatric, 1747

Terminal transverse limb defects, 1412
Tessier clefts, classification of, 1184, 1184f
Testicular appendage(s), pediatric, 1953f

torsion of, 1953, 1954f
Testicular artery, 841-842, 841f-842f
Testicular feminization

fetal, 1382
pediatric, primary amenorrhea in, 1942

Testicular feminization syndrome, pediatric, 
1947f

Testicular torsion, 866-869, 867f-868f
pediatric, 1947-1948

acute, 1950f
chronic, 1951

on color flow Doppler ultrasound, 
1951-1955, 1952b

detorsion of, 1951
spontaneous, 1952

extravaginal, 1948-1949, 1949f
incomplete, 1952
intravaginal, 1949-1950
late, 1951
“missed”, 1950-1951, 1951f

sonographic signs of, 1950b
Testis(es)

abscess of, 854, 855f
adrenal rests and, 854-855, 857f
appendix, 841, 842f
cryptorchid, seminomas in, 844
cysts of, 852, 852b

cystic dysplasia and, 852-853
epidermoid, 853-854, 853f
intratesticular, 852, 853f
tubular ectasia of rete testis and, 852, 853f

fetal
descent of, 1380
undescended, 1380-1381

hamartomas of, 850-852, 852f
infarction of

after herniorrhaphy, 512-513, 513f
segmental, 854, 856f

leukemia of, 850, 850b, 851f
lymphoma of, 849-850, 850b, 851f
male infertility factors involving, 406
mediastinum, 841, 842f

pediatric, 1944, 1945f
metastases to, 849-852, 850b, 851f-852f
microlithiasis of, 856, 857f, 858
in myeloma, 850
normal, 841, 842f
pediatric

accessory, 1946
anatomy of, 1944-1945, 1944f-1945f
bilobed, 1946
congenital anomalies of, 1945-1946
cystic dysplasia of, 1946-1947, 1947f
cysts of, solitary simple, 1958
duplication of, 1946
ectopia of, transverse, 1946
hematomas of, 1953-1954
infarction of, 1951
microlithiasis of, 1961, 1961f
newborn, 1944, 1944f
postpubertal, 1944, 1945f
rupture of, 1953-1954, 1954f
smaller than normal, 1946
torsion of. See also Testicular torsion.
tumors of, 1955-1958
undescended, 1945-1946, 1946f

sarcoidosis involving, 854, 856f
seminoma in, from cryptorchidism, 873
seminomas in, 844-845, 845f-846f
septula, 841, 842f
splenogonadal fusion and, 855
torsion of. See Testicular torsion.
trauma to, 869-871, 873f
tumors of

choriocarcinoma as, 845-846, 847f
embryonal cell carcinoma as, 845, 847f
germ cell, 844-846

“burned-out”, 848-849, 849f
mixed, 845
nonseminomatous, 845-846, 847f

gonadal stromal, 846-848, 848f
Leydig cell, 846-848, 848f
malignant, 844-849
metastatic, 844
mixed germ cell-stromal, 844
pathologic classification of, 844b

Tendon(s) (Continued) Testicular torsion (Continued)
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primary, occult, 848-849, 849f
Sertoli cell, 848, 848f
stromal, 844
teratomas as, 845, 847f

undescended, 871-874, 873f
in prune belly syndrome, 1376

Tethered cord
in diastematomyelia, 1266f
spina bifida occulta with, 1255

Tethered cord syndrome, 1745, 1749f
Tetralogy of Fallot, 1312, 1312f
TGC. See Time gain compensation (TGC).
Thalamostriate vessels, mineralization of, 1234, 

1234f
Thalamus, fetal, normal sonographic 

appearance of, 1199
α-Thalassemia, nonimmune hydrops from, 

1433, 1444
Thanatophoric dysplasia, 1398-1399

bowing of long bones in, 1392f, 1395
campomelic dysplasia differentiated from, 

1399
cloverleaf-shaped skull and, 1168-1169, 

1170f
CNS findings in, 1399
craniosynostosis in, 1169, 1170f
diagnosis of, 1389
homozygous achondroplasia differentiated 

from, 1399
short-rib polydactyly syndromes 

differentiated from, 1407
sonographic appearance of, 1392f
type 1, 1399
type 2, 1399

Thanatophoric skeletal dysplasia, cortical 
malformations and, 1224

Theca externa, 1073
Theca lutein cysts, 577

pediatric, 1930
Thecomas, ovarian, 591-592
Thermal effects, of ultrasound, 32-33, 35-40. 

See also Bioeffects, thermal.
obstetric, 1063-1064

Thermal index (TI), 38-40, 39b
for bone (TIB), in late pregnancy, 1065
duration of obstetric sonography as function 

of, 1068t
in obstetric sonography, 1062, 1062f-1063f
for soft tissue (TIS), in early pregnancy, 

1065
tissue model of

with bone at focus, 39-40
with bone at surface, 40
homogeneous, 39

Thoracentesis
in utero, ultrasound-guided, 1549, 1550f
pediatric, ultrasound-guided, 1796f

Thoracic ectopia cordis, 1319, 1320f
Thoracic outlet syndrome, 1009f, 1010
Thoracoabdominal ectopia cordis, 1319
Thoracoabdominal syndrome, ectopic cordis 

and, 1344-1345
Thoracoamniotic shunt, ultrasound-guided, 

1549
Thoracopagus twins, 1158-1160, 1161f- 

1162f
Thorax, fetal

anomalies of, hydrops from, 1439-1441, 
1440f-1441f

circumference and length of
correlated with menstrual age, 1276t
pulmonary hypoplasia and, 1395-1396

circumference of, decreased
in hypophosphatasia congenita, 1404
severe micromelia with, 1399t

cystic lesions in, differential diagnosis of, 
1278t

echogenic lesion of, differential diagnosis of, 
1277t

Three-dimensional (3-D) ultrasound, 16, 17f
in neonatal/infant brain imaging, 1568
in placental volume assessment, 1501, 1501f
in prostate cancer, 418

Threshold level, for seeing gestational sac, 1079
Thrill, from carotid stenosis, color Doppler, 968
Thrombin injection, ultrasound-guided, for 

pseudoaneurysm after 
catheterization, 1016-1018, 
1017f-1018f

Thrombocytopenia
alloimmune, intracranial hemorrhage and, 

1236
fetal, percutaneous umbilical blood sampling 

in, 1547
Thrombocytopenia-absent radius syndrome, 

1413, 1417f
Thrombophlebitis

in Lemierre’s syndrome, 1728
ovarian vein, 597, 599f
superficial, 1031

Thrombosis(es)
dural sinus, fetal, 1235-1236, 1236f
effort-induced, upper extremity deep venous 

thrombosis from, 1034-1035
graft, after pancreas transplantation, 694, 

695f-696f
hepatic artery, after liver transplantation, 

647-650, 649f
inferior vena cava, after liver transplantation, 

654, 658f
internal jugular vein, 991-992, 992f-993f
in interposition grafts for dialysis, 1014
jugular vein, from central line placement, 

1728, 1728f
ovarian vein, 380
portal vein, 103-104, 103f-104f

after liver transplantation, 653-654, 
655f-656f

in chronic pancreatitis, 238-240, 241f
malignant, 103-104, 104f

renal artery, after renal transplantation, 
670-675, 674f

renal vein, 379-380, 381f
after renal transplantation, 677-679, 679f
hyperechogenic kidneys in, 1366-1367
pediatric

causes of, 1877-1878, 1878b
Doppler sonography of, 1877-1878, 

1879f
round ligament, simulating groin hernia, 

518-519, 520f
splenic vein

in chronic pancreatitis, 238-240, 
240f-241f

complicating acute pancreatitis, 236, 237f
subclavian vein, in Paget-Schroetter 

syndrome, 1781-1784, 1785f
superior vena cava, Doppler sonographic 

findings in, 1784, 1784b
vascular, after pancreas transplantation, 694, 

695f-696f
venous

deep. See Deep venous thrombosis 
(DVT).

intracranial, in neonatal/infant, Doppler 
imaging of, 1649-1652, 1652f

lower extremity, superficial, 1031, 1033f
upper extremity, 1035-1037. See also 

Peripheral veins, upper extremity, 
venous thrombosis in.

Thrombus(i), identification of
in deep venous thrombosis, 1029, 1030f
in pediatric chest vessels, 1781-1784, 1785f

Thumb
aplastic or hypoplastic, in Fanconi 

pancytopenia, 1412, 1416f
hitchhiker

in diastrophic dwarfism, 1396
diastrophic dwarfism and, 1419
in diastrophic dysplasia, 1409, 1410f

triphalangeal, in Aase syndrome, 1412-1413
Thump artifact, 57
Thymic cyst, 1715-1716, 1717f
Thymic index, 1786, 1789f

formula for calculation of, 1788t
normal, for children under 2, 1790t

Thymopharyngeal ducts, formation of, 1715
Thymus

as acoustic window, 1781
fetal, development of, 1274, 1275f
pediatric, 1786-1788

cysts of, 1788
ectopic, 1715-1716, 1716f

cervical, 1788
normal, 1783f
superior herniation of, 1788

Thyroglossal duct cysts, pediatric, 1701-1702, 
1705-1706, 1707f

infected, 1706, 1707f
Thyroid artery, superior, 950-951
Thyroid gland, 708-749

adenomas of, 715-716, 717f
anatomy of, 709-711, 709f
aplasia of, 711
carcinoma of, 716-724

anaplastic, 723-724, 724b, 727f
follicular, 720, 721b, 724f-725f
incidence of, 740, 740f-741f
medullary, 720-723, 725f-726f
metastatic to cervical lymph nodes in 

child, 1726-1727, 1727f
papillary, 716-720, 718f-723f

cystic, sonographic features of, 722f, 
731

congenital abnormalities of, 711
diffuse disease of, 741-746, 741b. See also 

Thyroiditis.
adenomatous goiter as, 745
Graves’ disease as, 745-746

ectopic, 711, 712f
fetal, normal sonographic appearance of, 

1169f
hyperplasia of, 712-715, 713f

goiter as, 712
hypoplasia of, 711, 712f
instrumentation for, 708
lingual, pediatric, 1700
lymphomas of, 724-726, 727f
metastases to, 726, 728f
nodular disease of, 711-741

adenomas as, 715-716, 717f
biopsy of, fine-needle aspiration, 726-728, 

728t
carcinoma as, 716-724
ethanol injection for

for autonomously functioning nodules, 
736-737

for benign cystic lesions, 735-736, 736f
for solitary solid benign “cold” nodules, 

737
incidentally detected nodule and, 

739-741, 739b, 739f-741f, 739t
lymphoma as, 724-726, 727f
parathyroid adenomas confused with, 763, 

763f
pathologic features of, 712-726

Testis(es) (Continued) Thorax, fetal (Continued)
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pediatric, 1708-1709
sonographic applications in, 728-739

for differentiation of benign and 
malignant nodules, 716f, 730-732, 
730t

guidance for needle biopsy as, 733-735, 
735f-736f

guidance of percutaneous treatment as, 
735-739, 736f, 738f

sonoelastography as, 732-733, 
733f-734f

for thyroid mass detection, 728-730, 
729f-730f

sonographic correlates of, 712-726
sonographic evaluation of, 711b

pediatric
anatomy of, 1703-1704, 1704f, 1705t
cancer of, 1710-1711, 1711f-1712f, 

1712b
congenital lesions of, 1704-1706
degenerative cysts of, 1710
dimensions of, normal, 1705t
dysgenesis of, 1704-1705
ectopic, 1704-1705, 1706f
hemiagenesis of, 1704-1705, 1705f
hemorrhage in, 1709
inflammatory disease of, 1706-1708, 

1708f-1709f
isthmus of, 1703, 1704f
lobes of, thickness of, normal, 1705t
neoplasms of, 1708-1712
pseudonodule of, 1709
pyramidal lobe of, 1703
retrosternal, 1785
volume of, normal, 1705t

technique for, 708
vascularity of, 710, 711f
volume of, calculating, 709-710, 710f

Thyroid inferno, in Graves’ disease, 745-746, 
745f

Thyroiditis, 741b
acute suppurative, 741-742
chronic autoimmune lymphocytic, 742, 

743f-745f
De Quervain’s, pediatric, 1708
focal, pediatric, 1708
Hashimoto’s, 742, 743f-745f

fetal goiter and, 1191
pediatric, 1708, 1708f

invasive fibrous, 746, 746f
painless (silent), 745
subacute granulomatous, 742, 742f

Thyromegaly, fetal, 1191
TI. See Thermal index (TI).
Tibial artery

anterior, 1001f, 1003-1004
posterior, 1001f, 1003-1004

Tibial hemimelia, pediatric, 2001
Tibial tendons, posterior, injection of, 

939-941, 940f
Tibial veins, 1025f, 1026

posterior, evaluation of, for deep venous 
thrombosis, 1029

Tibioperoneal trunk, 1001f, 1003-1004
Time average mean of maximum velocity, 

1657
Time average peak velocity, 1657
Time gain compensation (TGC)

control of, 9, 9f
in output control, 49

Tissue harmonic imaging, 14, 15f, 37-38, 
61-62

Tissue plasminogen activator activity, 
enhancement of, by transcranial 
Doppler, 1685-1686

To-and-fro pattern, of blood flow in 
pseudoaneurysm of peripheral 
artery, 1001, 1002f, 1010-1011

Tobacco use, gastroschisis and, 1341
Toe polydactyly, fetal, 1418f
Toes, sandal, fetal, 1418f, 1420
Tongue, fetal, abnormally enlarged, 1184, 

1184b, 1187f
TORCH infections, neonatal/infant brain and, 

1619
Torsion, testicular, 866-869, 867f-868f. See 

also Testicular torsion.
Toxemia, in pediatric pregnancy, 1939-1940
Toxoplasmosis

fetal, hydrops from, 1444-1446
fetal brain development and, 1234
prenatal, neonatal/infant brain and, 

1619-1622
Trachea, fetal

agenesis of, congenital high airway 
obstruction from, 1281

atresia of, congenital high airway obstruction 
from, 1281

Tracheal webs, fetal, congenital high airway 
obstruction from, 1281

Tracheoesophageal fistula, fetal
congenital high airway obstruction with, 

1281-1282
in VACTERL sequence, 1329

Transabdominal scanning, for placenta previa, 
1504

Transcranial Doppler (TCD) sonography, 
984-985, 986f

adult
applications of, potential, 1660
indications for, 1660-1675

migraine headaches as, 1660-1661
vasospasm as, 1660

pediatric
in cardiopulmonary bypass, 1675
in carotid endarterectomy, 1675
contrast enhancement for, 1685-1686
foramen magnum approach for, 

1655-1657, 1658f
indications for, 1660-1675, 1660b

asphyxia as, 1668, 1669f
brain death as, 1668-1675
cerebral edema as, 1668, 1670f
hydrocephalus as, 1662, 1663f-1666f
hyperventilation therapy as, 1668
sleep apnea as, 1661-1662
vascular malformations as, 1666-1668

in intraoperative neuroradiologic 
procedures, 1675-1676

orbital approach for, 1657, 1659f
pitfalls in, 1657-1660
power settings for, 1657
in screening for stroke in sickle cell 

patients, 1676-1685, 1677f-1686f
technique for, 1654-1657
transtemporal approach for, 1654-1655, 

1655f-1656f
ultrasound dosage with, 1657

Transcutaneous compression therapy, for 
pseudoaneurysm after 
catheterization, 1016

Transcutaneous therapy, for fistula closure, 
1014-1015

Transducer(s), 8-9
for neonatal/infant brain imaging, 1559
selection of, 13-14

in output control, 49
for obstetric sonography, 1062

for transrectal ultrasound, 398-399
Transducer heating, in obstetric sonography, 

1064

Transfundal pressure, dynamic cervical change 
and, 1536

Transfusion
fetal, 1549
fetomaternal, maternal serum alpha-

fetoprotein elevation in, 1256
intravascular, fetal, 1489
twin-twin, 1149f, 1155-1156, 1156f. See also 

Twin-twin transfusion syndrome 
(TTTS).

Transient ischemic attack (TIA), carotid 
stenosis and, 948

Transitional cell carcinoma (TCC), 354-360
bladder, 359-360, 359f
nonpapillary, 354
papillary, 354
renal, 354-356, 357f-358f
ureteral, 356-359

Transitional cell papilloma, pediatric, bladder, 
1969-1970, 1970f

Transjugular intrahepatic portosystemic shunts, 
136-138, 139f, 1835

malfunction of, 140b
Translabial ultrasound, of female urethra,  

322
Transmediastinal artery, 841-842, 842f
Transmitter, 7-8
Transperineal scanning, in Crohn’s disease, 

281-282
Transperineal ultrasound, in ureteral calculi 

detection, 344
Transplantation, organ, 639-706. See also 

specific organ, e.g., Kidney(s), Liver, 
Pancreas.

monitoring after, 639
posttransplant lymphoproliferative disorder 

and, 700
Transposition of great arteries, 1313-1314, 

1313f
corrected, 1314, 1314f

Transrectal ultrasound (TRUS)
in Crohn’s disease, 281-282
in male infertility investigation, 406
of male urethra, 322, 323f
of pelvis

abscess drainage guided by, 628
in mass evaluation, 423, 424f

of prostate, 392
biopsy guided by, 418-422, 420f

after radical prostatectomy, 420f,  
422

complications of, 419-420
indications for, 420-422, 421b

for initial biopsy, 421-422
for repeat biopsy, 422

in men with absent anus, 422
preparation for, 419
side effects of, 419-420
technique of, 419, 420f

in cancer management, 413-414, 413b
therapy guided by, 422-423, 423f-424f

in rectal carcinoma staging, 305
Transtemporal window, for transcranial 

Doppler sonography, 984, 
1654-1655, 1655f-1656f

Transudates, pleural, sonographic appearance 
of, 1769

Transurethral resection, of prostate for BPH, 
400

Transvaginal ultrasound
in acute appendicitis diagnosis, 288, 288f
color flow Doppler

in gestational sac identification, 1082
in pregnancy, safety of, 1073

diagnostic value of, 263-265
in endometrial thickness assessment, 562

Thyroid gland (Continued)
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gynecologic
advantages of, 549b
transabdominal scanning versus, 549

pelvic abscess drainage guided by, 628,  
629f

in peritoneal disease evaluation, 525, 526f
for placenta previa, 1504
thermal effects of, 38
in ureteral calculi detection, 344

Transverse abdominis tendon, torn, in spigelian 
hernia, 500, 501f

Transverse myelitis, pediatric, neurogenic 
bladder from, 1964

Transvesical scanning, of prostate, 392
Trauma

adrenal, hemorrhage after, 443
aortic stenosis after, 459
biliary, hemobilia from, 181-182
bladder, 376
cervical, carotid artery damage from, 

981-982, 983f
dural sinus thrombosis from, fetal, 

1235-1236
epididymitis from, 1953
focused abdominal sonography for, 527
genitourinary, 374-376
hepatic, 135-138, 138f
musculoskeletal, pediatric, 1999-2001

nonaccidental, 1999-2000, 2000f
renal, 374-376, 376f

pediatric, 1869-1871, 1872f
splenic, 165-167, 166f-167f
testicular, 869-871, 873f
ureteral, 376

Treacher Collins syndrome
clefts of secondary palate in, 1184
midface hypoplasia in, 1178-1179

Trendelenburg position, reverse, for calf vein 
examination, 1029

Triaging, with lower extremity arterial disease 
symptoms, color Doppler imaging 
in, 1007-1008

Triangular cord sign, in biliary atresia, 1805, 
1807, 1808f

Triceps brachii muscle, tendon of, 907, 912f
Trichobezoars, 303-304, 1897
Tricuspid atresia

fetal, hydrops from, 1436
hypoplastic right ventricle with, 1311

Tricuspid insufficiency, fetal, pulsed Doppler 
assessment of, 1304f

Tricuspid regurgitation
in aneuploidy screening, 1127
in Ebstein anomaly, 1309-1310
in growth restricted fetus, 1486, 1486f
neonatal/infant, cardiac pulsations in veins 

and, 1642-1643
Triggered imaging, 66
Trigone

neonatal/infant, in coronal imaging, 1562
pediatric, identification of, 1925-1926, 

1927f
Triorchidism, 1946
Triphalangeal thumb, in Aase syndrome, 

1412-1413
Triplets, first trimester, 1149f
Triploidy, 1137-1138, 1138b, 1138f

hydrops from, 1444
skeletal findings in, 1421
syndactyly in, 1419

Triradiate cartilage
of hip, 1984-1985
in sonogram of hip from transverse/flexion 

view, 1989-1991
Trisomy 9, horseshoe kidney in, 1360

Trisomy 13 (Patau syndrome), 1136-1137, 
1137b, 1137f

cystic kidneys in, 1365
esophageal atresia in, 1330f
facial clefts in, 1182
holoprosencephaly and, 1583-1584
hydrops from, 1444
hyperechogenic kidneys in, 1365-1366
nuchal translucency in, 1125
skeletal findings in, 1421, 1421b
umbilical cord cysts in, 1516

Trisomy 17, biliary atresia and, 1806-1807
Trisomy 18 (Edwards syndrome), 1135-1136, 

1135b, 1136f
biliary atresia and, 1806-1807
congenital diaphragmatic hernia and, 1287
cystic kidneys in, 1365
facial clefts in, 1182
holoprosencephaly and, 1583-1584
horseshoe kidney in, 1360
hydrops from, 1444
mega-cisterna magna and, 1199
nuchal translucency in, 1125
skeletal findings in, 1421, 1421b.
umbilical cord cysts in, 1516
wormian bone in, 1172f

Trisomy 21 (Down syndrome), 1119
absent nasal bone in, 1179
adjunct features of, 1133-1134
atrioventricular septal defect in, 1306-1307
congenital anomalies in, 1129-1130, 1130f
echogenic bowel in, 1132, 1133f
echogenic fetal bowel in, 1337
echogenic intracardiac focus in, 1132-1133, 

1133f
femur length in, 1132
fetal duodenal atresia in, 1334, 1335f
genetic sonography in, 1134-1135
humeral length in, 1132
hydrops from, 1444
macroglossia in, 1184
markers in

cluster of, likelihood ratios of, 1135t
combined, 1134-1135
likelihood ratios of, 1134t

midface hypoplasia in, 1178-1179
nasal bone in, 1131-1132, 1131f
nuchal fold in, 1130-1131, 1131f
nuchal translucency in, 1120-1122, 1120f
pyelectasis in, mild, 1132, 1133f
risk for, short femur indicating, 1394
risk ratio for, revised, 1134b
screening for, second-semester, 1129-1135
skeletal findings in, 1420, 1421b
sonographic markers of, 1131b
structural anomalies in, 1133
wormian bones in, 1171

Trocar technique, for drainage catheter 
placement, 627

Trochanter, elevated, 2002, 2002f
True hermaphroditism, 1946
Truncus arteriosus, 1312, 1313f
Trunk, length of, shortened, in 

achondrogenesis, 1402
TRUS. See Transrectal ultrasound (TRUS).
TS. See Tuberous sclerosis (TS).
TTTS. See Twin-twin transfusion syndrome 

(TTTS).
Tubal ring, ectopic, 1104-1105, 1104f-1106f
Tubal ring sign, in pediatric ectopic pregnancy, 

1939-1940
Tuberculosis

adrenal glands in, 433
epididymitis associated with, 864, 866f
urinary tract, 336-338, 337f-338f

Tuberculous colitis, 290-291

Tuberculous peritonitis, 535-539, 541f
Tuberous sclerosis (TS)

angiomyolipoma and, 360-361
angiomyolipoma with, 1875
cardiac rhabdomyomas and, 1317
cortical malformations in, 1229-1230,  

1231f
pediatric, renal cysts in, 1861, 1864f
prenatal intracranial tumors in, 1238
renal cysts in, 374, 375f

Tubo-ovarian abscess, in pelvic inflammatory 
disease, 593-594, 1941-1942

Tubo-ovarian complex, in pelvic inflammatory 
disease, 593-594, 595f

Tubular atrophy, in chronic renal transplant 
rejection, 1885

Tubular ectasia of rete testis, 852, 853f
pediatric, 1946-1947, 1948f

Tubular necrosis, acute, 380
complicating renal transplantation, 668, 

670f
pediatric, 1865

Tubuli recti, 840-841
Tubulointerstitial nephritis, interstitial renal 

graft rejection resembling, 1882
Tumefactive sludge, 201, 202f
Tunica albuginea

ovarian, 548
testicular, 840, 841f

cysts of, 852, 853f
pediatric, 1944

Tunica vaginalis, 841f, 843
cysts of, 852, 853f

pediatric, 1959
Tunica vasculosa, 841-842
Turbulence, in fistulous communications after 

angiography, 1014-1015
Turner’s (45,X) syndrome, 1138-1140, 1139f

anasarca in fetus with, 1427-1429, 1430f
fetal hydrops from, 1444, 1445f
gonadal dysgenesis in, 1942
horseshoe kidney in, 1360
lymphatic malformation in, 1189
midface hypoplasia in, 1178-1179

Turribrachycephaly, 1171f
Twin(s). See also Multifetal pregnancy.

acardiac
hydrops in, 1444
laser photocoagulation in, 1551-1552, 

1552f
parabiotic, 1157-1158

conjoined, 1146, 1158-1160, 1162f
classification of, 1158-1160, 1161f

dichorionic, complications of, renal agenesis 
as, 1157f

dichorionic diamniotic, 1044f, 1146, 1147f
first trimester, 1149f-1150f
placental findings in, 1148, 1151f

discordant, 1153
umbilical artery Doppler ultrasound in, 

1491
dizygotic (fraternal), 1146, 1147f
hydrops in, 1443-1444
monoamniotic, complications of, 1158-1160

conjoined twins as, 1146, 1158-1160, 
1161f-1162f

cord entanglement as, 1158, 1160f
monochorionic

complications of, 1154-1158
twin embolization syndrome as, 

1156-1157, 1157f
twin reversed arterial perfusion 

sequence as, 1157-1158, 1159f
twin-twin transfusion syndrome as, 

1155-1156, 1156f, 1157t
vascular communications as, 1154

Transvaginal ultrasound (Continued)
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diamniotic, 1044f, 1085f, 1146, 1147f
first trimester, 1149f

monoamniotic, 1082-1084, 1145, 1147f
at 16 weeks, 1152f

nonimmune hydrops in, 1443
placental findings in, 1148, 1151f

monozygotic (identical), 1146, 1147f
vanishing, 1150, 1152f

Twin embolization syndrome, 1156-1157, 
1157f

“Twin peak” sign, in dichorionicity, 1148, 
1151f

Twin pregnancies
dizygotic, skeletal abnormalities in, 1397
monozygotic, skeletal abnormalities in, 1397

Twin reversed arterial perfusion sequence, 
1157-1158, 1159f

hydrops in, 1444
Twin-twin transfusion syndrome (TTTS), 

1155-1156, 1156f, 1157t
anemia from, diagnosis of, middle cerebral 

artery peak systolic velocity in, 
1490

Doppler ultrasound in, 1491, 1492f
hydrops from, 1443-1444, 1443f
laser photocoagulation for, 1545
serial amnioreduction for, 1155-1156, 1545
therapeutic amniocentesis in, 1545

Twinkling artifacts, with renal calculi, 344, 
345f

Two-dimensional array transducers, 13, 13f
Two-dimensional arrays, 13, 13f
Typhlitis

acute, 290-291, 292f
leukemia with, pediatric, intestinal wall 

thickening in, 1908f
Tyrosinemia

glycogen storage disease and, 1810f
management of, 1809-1810

U
UA. See Umbilical artery.
Ulcer(s)

duodenal, perforated, gallbladder signs in, 
207f

gastric, 1896, 1899f
penetrating, in abdominal aorta, 457, 458f
peptic, 303, 304f

Ulcer craters, in plaque ulceration, 954, 956f
Ulcerative colitis, 272
Ulnar artery, 1008-1009
Umbilical artery (UA)

aneurysms of, 1516
blood flow pattern in, 1475f
Doppler waveform analysis of

in discordant twins, 1491
in intrauterine growth restriction, 

1476-1477, 1477f, 1480f
pulsatility index in, increased, in IUGR, 

1474
single, 1516, 1518f

Umbilical coiling index, 1515-1516, 1516f
Umbilical cord(s), 1515-1520

abnormalities of, in monochorionic twins, 
1155

aneurysms of, 1516
appearance of, 1515-1518
cyst in, sonographic appearance of, 1087, 

1087f
cysts of, 1516, 1517f
diameter of, 1515
edematous, 1517f
entangled, in monoamniotic twins, 1158, 

1160f
fundic presentation of, 1520, 1522f

hemangiomas of, 1516
insertion of, 1518-1520, 1519f

marginal, 1518-1520, 1520f
in multifetal pregnancy, morbidity and 

mortality from, 1154
sites of, chorionicity and, 1148, 1152f
velamentous, 1518-1520, 1519f

in multifetal pregnancy, morbidity and 
mortality from, 1154

knots of, true, 1516
length of, 1515
normal sonographic appearance of, 

1086-1087
nuchal, 1516
prolapse of, in hydrops, 1449-1450
pseudocysts of, 1516
routine sonographic views of, 1055f
rupture of, spontaneous, 1516
size of, 1515-1518
tethering of, in caudal regression, 1752
tumors of, 1516
twisting of, 1515-1516

absent, 1516, 1516f
vasa previa and, 1520, 1521f
vascular anomalies of, 1516

Umbilical hernias, 507-508, 508f-509f
Umbilical vein

blood flow pattern in, 1475f
blood sampling from, percutaneous, 

1547-1549, 1548f
Doppler waveform analysis of, in 

intrauterine growth restriction, 
1482-1483, 1484f

in fetal circulation, 1472-1473
pediatric, recanalized, in portal hypertension, 

1829f
Uncinate process, 218-219, 219f
Undescended testis, 871-874, 873f
Unicornuate uterus, 554, 554f-555f, 

1936-1937, 1936f
sonographic diagnosis of, 555f, 556

Univentricular heart, 1311-1312
Upright positioning, for dynamic ultrasound of 

hernias, 488, 490f
Urachal sinus, pediatric, 1964-1966, 1966f
Urachus, 1353, 1354f, 1859

adenocarcinoma of, 364-365
anomalies of, 329, 330f

pediatric, identification of, 1964-1966
in bladder development, 318-319, 319f
cysts of

fetal, ovarian cysts differentiated from, 
1383, 1929-1930

pediatric, 1964-1966, 1966f
pediatric hydronephrosis and, 1859, 

1859f
diverticulum of, pediatric, 1964-1966, 1966f
pediatric

patent, 1964-1966, 1966f
remnant of, normal, 1845, 1925-1926

Ureter(s)
adenocarcinoma of, 360
anastomosis of, in renal transplantation, 663
anatomy of, 321
atretic, with multicystic dysplastic kidney, 

1361
calculi in, 332, 344-346, 346f-347f

complicating renal transplantation, 680, 
681f-682f

congenital megaureter as, 326-327, 328f
development of, 318, 318f
distal, dilated, identification of, 597
fetal, megaureters, 1372-1373
lymphoma involving, 362
metastases to, 364

obstruction of, complicating renal 
transplantation, 680, 680f-682f

pediatric, 1964
duplication of, 1854, 1961-1962
ectopic, 1961-1962
ectopic insertion of, pediatric 

hydronephrosis and, 1856
obstruction of, pediatric hydronephrosis 

and, 1856, 1857f
reimplantation of, surgical, 1970
retrocaval, 328
sonographic technique for, 321-322
squamous cell carcinoma of, 360
transitional cell carcinoma of, 356-359
trauma to, 376

Ureterectasis, in prune belly syndrome, 1376
Ureteric bud, in kidney development, 318, 

318f
Ureteric jets, pediatric, 1849, 1850f, 1964

Doppler sonography in, 1880, 1883f
Ureterocele(s), 325, 327f

fetal, in duplication anomalies, 1373-1374, 
1373b, 1373f

pediatric
in duplication anomalies, 1854, 1855f
ectopic, 1961-1962, 1962f

Ureteropelvic junction obstruction, 326, 328f
fetal, hydronephrosis from, 1372
pediatric hydronephrosis and, 1856, 1857f
renal pelvic dilation and, 1370
vesicoureteral reflux with, 1374

Ureterovesical junction obstruction, pediatric, 
1964, 1964f

Urethra(s)
development of, 319, 319f
diverticula of, 329, 331f
fetal

atresia of
lower urinary tract obstruction from, 

1374-1375
with megalourethra, 1376-1377
obstructive uropathy from, 1375, 1375f

obstruction of, renal pelvic dilation and, 
1370

pediatric
diverticulum of, anterior, bladder outlet 

obstruction from, 1963-1964
duplication of, bladder outlet obstruction 

from, 1963-1964
normal, 1927f
polyp of, posterior, bladder outlet 

obstruction from, 1963-1964, 
1963f

stricture of, congenital, bladder outlet 
obstruction from, 1963-1964

sonographic technique for, 322, 323f
Urethral valve(s)

anterior, pediatric, bladder outlet obstruction 
from, 1963-1964

posterior
fetal

lower urinary tract obstruction from, 
1374-1375, 1375f

megacystis-microcolon-intestinal 
hypoperistalsis syndrome 
differentiated from, 1377

with megalourethra, 1376-1377
vesicoamniotic shunting for, 

ultrasound-guided, 1549-1550, 
1551f

pediatric
pediatric hydronephrosis and, 1856, 

1858f
urinary tract obstruction from, 

1962-1963, 1963f

Twin(s) (Continued) Umbilical cord(s) (Continued) Ureter(s) (Continued)
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Urinary diversion, evaluation after, 385, 386f
Urinary tract. See also Bladder ; Genitourinary 

tract ; Kidney(s).
echinococcal disease of, 339, 339f
fetal

abnormalities of, 1357-1380
bilateral renal agenesis as, 1358-1360, 

1360b
horseshoe kidney as, 1360, 1361f
prenatal diagnosis of, 1357, 1357b
prevalence of, 1357
in prune belly syndrome, 1376
renal cystic disease as, 1361-1367. See 

also Kidney(s), fetal, cystic disease 
of.

renal ectopia as, 1360
unilateral renal agenesis as, 1360

bladder exstrophy and, 1379-1380, 1380f
embryology of, 1353, 1354f
evaluation of, 1358b
lower, obstruction of, 1374-1377

cloacal malformation and, 1377, 1377f
hydrops from, 1442-1443, 1443f
in utero intervention for, 1377-1379, 

1379f
megacystis from, 1374, 1374b, 1374f
in megacystis-microcolon-intestinal 

hypoperistalsis syndrome, 1377
in megalourethra, 1376-1377, 1376f
from posterior urethral valves, 

1374-1375
in prune belly syndrome, 1375, 1376b
from urethral atresia, 1375, 1375f

normal, 1353-1357
obstruction of, renal response to, 

1371-1372, 1371f
sonographic appearance of, 1353-1356, 

1355f
first trimester, 1353-1355, 1355f
second trimester, 1353-1355, 1355f
third trimester, 1353-1355, 1355f

upper, dilation of, 1369-1374
duplication anomalies and, 1373-1374
hydronephrosis as, 1369-1372. See also 

Hydronephrosis.
ureteropelvic junction obstruction and, 

1372, 1372f
vesicoureteral junction obstruction and, 

1372-1373
vesicoureteral reflux and, 1374

masses of, 597
pediatric, 1845-1890

congenital anomalies of, 1854-1856
infection of, 1862-1865, 1961-1962

cystitis as, 1865, 1868f
jaundice in, 1808
neonatal candidiasis as, 1864-1865, 

1868f
pyelonephritis as, 1863-1864, 

1865f-1868f
lower

congenital anomalies of, 1961-1964
infections of, 1967-1969
neoplasms of, 1969-1970
trauma to, 1970

schistosomiasis of, 338-339, 339f
tuberculosis of, 336-338, 337f-338f

Urinoma(s), 596
after renal transplantation, 685, 690f
after spontaneous bladder rupture, 1970
perirenal, from ureteropelvic junction 

obstruction, 1372, 1372f
Urogenital sinus, in bladder development, 

318-319, 319f
Uropathy, postnatal, pyelectasis as marker for, 

1370

Uterine artery, 548
Doppler waveform analysis of, in 

intrauterine growth restriction, 
1475-1476, 1475f

embolization of, for uterine fibroids, 558, 558f
pediatric, 1929

Uterine septum, mimicking circumvallate 
placenta, 1513-1514, 1513f

Uterine synechiae, mimicking circumvallate 
placenta, 1513-1514, 1513f

Uterine veins, 551
Uterocervical anomalies, cervical assessment in, 

1537-1538
Uterus

anatomy of, 547-548
sonographic, 550-552, 550f

aplasia of, 554
arcuate, 554, 554f-555f
bicornuate, 554, 554f, 1936-1937, 

1936f-1937f
sonographic diagnosis of, 555-556, 555f

cervical abnormalities and, 569-570
congenital abnormalities of, 552-556, 

554f-555f, 556t
cervical assessment in, 1537-1538

didelphys, sonographic diagnosis of, 
555-556, 555f

endometrial abnormalities and, 561-569. See 
also Endometrium, abnormalities 
of.

masses in, in first trimester, 1114
myometrial abnormalities of, 556-561. See 

also Myometrium, abnormalities of.
neonatal, 1927, 1928f

length of, 1928t
normal, 551f

pediatric, 1927
endocrine abnormalities and, 1942-1943
infection of, 1940-1942
neoplasms of, 1938-1939
in pelvic inflammatory disease, 1940-

1941, 1941f
postpubertal, length of, 1927, 1928t
pregnancy and, 1939-1940
prepubertal, 1927, 1928f

length of, 1928t
perfusion of, assessment of, 552
pregnant

dehiscence or rupture of, assessing risk for, 
1045

on second-trimester scan, 1045, 1046f
prepubertal, growth of, 551
retroverted, 550, 550f
septate, 554, 554f-555f

sonographic diagnosis of, 555-556, 555f
subseptate, 554, 554f-555f
T-shaped, diethylstilbestrol exposure and, 

1936-1937
tumors of, lipomatous, 557f, 558-559
unicornuate, 554, 554f-555f, 1936-1937, 

1936f
sonographic diagnosis of, 555f, 556

Utricle cysts, prostatic, 401f, 404

V
VACTERL, renal anomalies in, 1358
VACTERL association

ribs in, 1396
sacral agenesis in, 1267

VACTERL sequence, esophageal atresia and, 
1329

Vagina, 548, 570-571
neurofibroma of, 570-571
pediatric, 1927-1928

atretic, vaginal obstruction from, 1937
cysts of, 1939

endocrine abnormalities and, 1942-1943
infection of, 1940-1942
neoplasms of, 1938-1939
obstruction of, 1937
stenotic, vaginal obstruction from, 1937

Vaginal fornix, 548
Vaginal septum, transverse, vaginal obstruction 

from, 1937
Vaginitis, pediatric, foreign bodies and, 1942
Vallecula, neonatal/infant, in mastoid 

fontanelle imaging, 1566-1567
Valproic acid, neural tube defects from, 1247
Valsalva maneuver

for dynamic ultrasound of hernias, 487, 489f
in examination for deep venous thrombosis, 

1027, 1028f
Valve leaflet morphology, 1309f
Valvular aortic stenosis, 1316
Varicella

fetal, hydrops from, 1446-1447
fetal brain development and, 1234

Varice(s)
gallbladder wall, in chronic pancreatitis, 

238-240, 241f
gastric mural, in chronic pancreatitis, 

238-240, 241f
gastrointestinal, endosonographic 

identification of, 305
round ligament, simulating groin hernias, 

518-519, 519f-520f
in splenomegaly diagnosis, 153, 153f

Varicocele(s)
scrotal, 858-861, 861f-862f
testicular

pediatric, 1959, 1960f
tubular ectasia of rete testis differentiated 

from, 1946-1947
Varicosities, subcutaneous, from venous 

insufficiency, 1031
Vas deferens

absence of, 406
calcification of, 405

Vasa previa, 1515, 1520, 1521f
Vascular impedance, 1474-1475
Vascular malformations, pediatric

in masticator space, 1702
of neck, 1709f, 1718-1720

Vascular resistance, 1474-1475
Vascularization, of placenta, 1078
Vasculitis

acute, gut edema and, 299, 301f
renal artery stenosis and, 463

Vasculopathy, basal ganglia, neonatal/infant 
brain and, 1617

Vasectomy, changes in epididymis after, 864, 
866f

Vasospasm
evaluation of, transcranial Doppler in,  

985
transcranial Doppler in diagnosis of, 1660

VATER association, renal anomalies in,  
1358

VATER syndrome
spina bifida and, 1255
ureteropelvic junction obstruction and,  

1372
Vein(s). See also specific vein, e.g. Portal vein(s), 

Renal vein(s).
calf, evaluation of, for deep venous 

thrombosis, 1028
compression of

by hematoma, fistula differentiated from, 
1002f, 1014-1015

incomplete, in deep venous thrombosis, 
1029, 1030f

Vagina (Continued)
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Vertebral body
fetal, wafer-thin, in thanatophoric dysplasia, 

1399
pediatric, anomalies of, 1752

Vertebral vein, 987, 987f
Vertebrobasilar insufficiency, symptoms of, 

985-986
Verumontanum, 393f-394f, 396
Vesicoamniotic shunting

for lower urinary tract obstruction, 
1377-1379, 1379f

for posterior urethral valves, ultrasound-
guided, 1549-1550, 1551f

Vesicocentesis, in megacystis, 1378
Vesicocutaneous fistulas, 342
Vesicoenteric fistulas, 342
Vesicoureteral fistulas, 342
Vesicoureteral junction obstruction

fetal, megaureters from, 1372-1373
renal pelvic dilation and, 1370

Vesicoureteral reflux (VUR), 1964, 1965f
fetal, 1374
neuropathy associated with, 334
pediatric, pediatric hydronephrosis and, 

1856
screening for siblings of patients with, 1962

Vesicouterine pouch, 547-548
Vesicovaginal fistulas, 342
Vessel stenosis. See also specific vessel, e.g. 

Carotid artery(ies).
Doppler imaging of, 25

Villi, in placental development, 1499, 1500f
Virus(es)

fetal infections from
bowel echogenicity in, 1338
intrauterine growth restriction and, 1469

liver diseases from, 87-89. See also Hepatitis.
pediatric cystitis from, 1967-1969, 

1967f-1968f
pediatric infections from

cervical lymphadenopathy in, 1721
salivary gland, 1694, 1694f

Visceral heterotaxy, splenic abnormalities in, 
168

Vitelline duct, 1082, 1084f-1085f
VM. See Ventriculomegaly (VM).
Volume imaging, in obstetric sonography, 

1057
Volvulus

of gallbladder, 208
midgut, intestinal malrotation with, 

1899-1900, 1900f-1901f
Vomer, deviation of, in cleft palate, 1182- 

1183
von Gierke’s disease, type I, 1810f
von Hippel-Lindau disease

pancreatic cysts in, 249, 249f-250f
pediatric, renal cysts in, 1861
renal cell carcinoma and, 348
renal cysts in, 374, 375f

von Hippel-Lindau syndrome, prenatal 
intracranial tumors in, 1238

Von Meyenburg complexes, 87, 87f-88f
VUR. See Vesicoureteral reflux (VUR).

W
Walker-Warburg syndrome

cobblestone lissencephaly in, 1227, 1228f
Dandy-Walker malformation differentiated 

from, 1221
diagnosis of, 1226
vermian dysplasia with, 1222

Wall filters
in Doppler imaging, 29, 29f
in renal artery duplex Doppler sonography, 

463

distention of, by thrombi in deep venous 
thrombosis, 1029, 1030f

of Galen
aneurysm of, 1234, 1235f

cavum veli interpositi cysts 
differentiated from, 1202-1206

in neonatal/infant
Doppler studies of brain and, 1649, 

1650f
supratentorial cysts differentiated from, 

1224
fetal, malformations of, Doppler 

assessment of, 1493
neonatal/infant, malformations of, 1630, 

1631f
Doppler studies of brain and, 1649, 

1650f
harvest of, for autologous grafts, venous 

mapping in, 1033-1034
pediatric, malformations of, in neck, 

1719-1720
perforating, insufficient, marking of, venous 

mapping in, 1034, 1034f
peripheral, 1023-1038. See also Peripheral 

veins.
thrombosis in. See Thrombosis(es), venous.

Velamentous umbilical cord insertion, 
1518-1520, 1519f

in multifetal pregnancy, morbidity and 
mortality from, 1154

Velocardiofacial syndrome, clefts of secondary 
palate in, 1184

Velocity
diastolic, end, in assessing degree of carotid 

stenosis, 962-964
in Doppler spectral analysis of carotid 

disease, 957
propagation, of sound, 3-4, 3f
systolic

cerebral, factors changing, 1662t
peak, in determining carotid stenosis, 962

Velocity range, in obstetric Doppler 
sonography, 1062

Velocity ratios, in carotid stenosis evaluation, 
972-974

Veno-occlusive disease, hepatic, 107-108
Venography

conventional, 1023
in internal jugular vein diagnosis, 991

Venous insufficiency, in lower extremities, 
1031-1033

examination for, 1031-1032
findings in, 1032-1033, 1033f
pathophysiology of, 1031

Venous occlusive disease, hepatic, small-vessel, 
1834-1835, 1834b

Ventilation, mechanical, in neonates/infants, 
Doppler studies of brain and, 
1643-1644, 1644f

Ventricle(s)
cardiac

echogenic foci, significance of, 1318, 
1318f

fetal, right
double-outlet, 1312-1313, 1313f
hypoplastic, 1311, 1311f

neonatal/infant, left, dysfunction of, 
intracranial resistive index and, 
1641

cerebral
enlarged, causes of

hydrocephalus as, 1595. See also 
Hydrocephalus.

non-hydrocephalic, 1595-1596
fetal, routine sonographic view of, 1049f

fourth, trapped, in intraventricular 
hemorrhage, 1599

hypoxic-ischemic injury to, 1595-1596
lateral, neonatal/infant, in sagittal 

imaging, 1562, 1565f
lateral wall of, convexity of, in 

ventriculomegaly, 1205f, 1208
medial wall of, separation of choroid 

from, in ventriculomegaly 
evaluation, 1205f, 1208

third
in corpus callosum agenesis, 1578, 

1585f-1586f
fetal, normal sonographic appearance 

of, 1199
Ventricular septal defect, 1306

with open spina bifida, 1257-1263
Ventricular tachycardia, fetal, 1320
Ventriculitis

chemical, 1236
in intraventricular hemorrhage, 1599

neonatal/infant, 1625f
Ventriculoarterial discordance, in transposition 

of great arteries, 1313-1314
Ventriculomegaly (VM)

abnormalities commonly associated with, 
1207b

congenital diaphragmatic hernia and, 1287
differentiating hydrocephalus from, Doppler 

sonography in, 1662
in open spina bifida, 1214-1216, 1257
pathogenesis of, 1206-1207
polymicrogyria and, 1207f
in rhombencephalosynapsis, 1222-1223
in trisomy 21, 1129-1130, 1130f, 1133
ultrasound examination in, 1207-1208

of ventricles, 1207-1208
Ventriculoperitoneal shunting, for Dandy-

Walker malformation, 1581, 
1588f

Ventriculoseptal defects, in trisomy 21, 1130f, 
1133

Vermis
fetal

dysplasias of, 1222, 1222f
Dandy-Walker malformation 

differentiated from, 1221
embryology of, 1198
hypogenesis of, rhombencephalosynapsis 

differentiated from, 1223
hypoplasia/dysgenesis/agenesis of, 1222
hypoplasia of, 1222, 1222f

inferior, arachnoid cysts differentiated 
from, 1224

or dysplasia, 1222
keyhole-shaped defect in, significance of, 

1222
mistaken diagnoses involving, 1574
trapezoidal defect in, in vermian dysplasia, 

1222
neonatal/infant

in coronal imaging, 1561f, 1562
development of, 1574

Vertebra(e)
block, 1752

in scoliosis and kyphosis, 1265
butterfly, in scoliosis and kyphosis, 1265

Vertebral artery, 985-991
anatomy of, 986, 986f
occlusion of, 991
stenosis of, 989, 990f
subclavian steal syndrome and, 987-989, 

988f
technique and normal examination of, 987, 

987f

Vein(s) (Continued) Ventricle(s) (Continued)
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Wilms’ tumor, 1367, 1872-1873, 1873f
malformations associated with, 1872b
metastasis of, to testes, 1958

Wolf-Hirschhorn syndrome, 1172, 1173f
midface hypoplasia in, 1178-1179

Wolman’s disease, 443-444
Wormian bones, 1171, 1172b, 1172f
Wrist

injection of, superficial peritendinous and 
periarticular, 941-942, 942f

tendons of, normal sonographic appearance 
of, 905f, 913f

X
X-linked neural tube defects, 1255
Xanthogranulomatous cholecystitis, 208
Xanthogranulomatous pyelonephritis, 336, 

336f
Xanthomas, in Achilles tendon in familial 

hypercholesterolemia, 927

Y
Yin-yang sign, color, in pseudoaneurysm of 

peripheral artery, 1001
Yolk sac(s)

abnormally large, predicting abnormal 
outcome, 1095-1096, 1096f

assessment of, 1041-1042
calcified, predicting abnormal outcome, 

1096, 1097f
diameter of, mean, 1042f
echogenic material in, predicting abnormal 

outcome, 1096, 1098f
in embryonic demise, 1091-1092
identification of, in gestational age 

determination, 1456, 1456f,  
1457t

normal sonographic appearance of, 
1082-1084, 1083f-1085f

number of, amnionicity and, 1147-1148
primary, formation of, 1075, 1076f
secondary, formation of, 1075, 1077f
size and shape of, predicting abnormal 

outcome, 1093-1096, 1096f-1098f
Yolk sac tumors, 590, 845

Z
Zellweger syndrome, cortical malformations in, 

1227-1229
Zero baseline, shifting, to overcome aliasing, 

974
Zona fasciculata, 431
Zona glomerulosa, 431
Zona reticularis, 431
Zuckerkandl fascia, 321
Zygosity, in multifetal pregnancy, 1146, 1147f
Zygote, formation of, 1075, 1075f

Warthin’s tumor, 1698-1699
Watchful waiting, for prostate cancer, 413
Waveform(s)

of carotid arteries, 957-958, 958f
dialysis graft, normal, 1014, 1015f
intrarenal, in renal artery duplex Doppler 

sonography, 464f, 466
tardus-parvus. See Tardus-parvus waveform.

Wavelength
definition of, 2-3
of sound, 2-3

Weight
birth, kidney length versus, 1850f
fetal

assessment of, in relation to gestational 
age, 1463-1464, 1463t, 1464f

estimation of, 1462-1463
versus gestational age, 1464, 1464f
percentile of, versus gestational age, 

1464, 1464f
recommended approach to, 1463, 

1463t
Weighted mean frequency, in color Doppler, 

27-28
Wharton’s duct, pediatric, 1692-1693,  

1693f
Wharton’s jelly, 1515
Whirlpool sign, in midgut volvulus, 1899-
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